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Objective: The study aimed to assess the relationship between Body mass index (BMI), 
body fat percentage(BFP) and waist hip(WH) ratio in predicting Pre-Diabetes and Pre-
Hypertension. 

Methods: A total of 389 adolescents aged 11–17 years were recruited from Doddaballapura 
government school. Body Mass Index and Waist Hip Ratio were determined using 
standard equipment’s. Body fat percentage was derived from a body fat analyser. Fasting 
blood glucose was determined by glucometer method, Blood pressure was recorded using 
sphygmomanometer.  

Results: Compare to students with normal BMI, those who are overweight had 7.19 times 
[95% CI: (2.25-22.96)] high odds to have pre hypertension or hypertension. Similarly 
compare to normal BMI students, obese students were 28.76 times high odds [95% CI: 
(2.5-330.27)] to have pre hypertension or hypertension. There was no significant difference 
between normal BMI students and underweight students in terms of Pre hypertension/
Hypertension. Compare to students with normal WH ratio, low WHR students didn’t have 
any significant correlation in developing Pre hypertension or hypertension. Compared to 
students with normal Body fat percentage, those who had a high BFP were 6.02 times high 
odds to have pre hypertension or hypertension similarly those who had very high BFP were 
21.25  times high odds to have pre hypertension or hypertension in respect to predicting 
pre diabetes, BMI and waist to hip ratio were not significantly correlated, whereas high 
Body fat percentage had 1.46 high odds as compared to normal BFP.

Conclusion: These data suggest the importance of the BMI, Body fat percentage and waist 
to hip ratio in adolescents, in prevention and early intervention of Obesity, Hypertension 
and Pre-diabetes since it may be the most cost-effective way of reducing the complications 
related with them.
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Introduction 
The unabated rise in the prevalence of overweight in children 
and adolescents is one of the most alarming public health 
issues facing the world today [1]. Among Indian children, 
various studies reported the magnitude of overweight to 
be from 9 to 27.5% and that of obesity from 1 to 12.9% 
[2-6]. Obesity increases the risk for many chronic diseases 
including diabetes mellitus, cardiovascular disease and 
non-alcoholic fatty liver disease, which, further decreases 

the overall quality of life [7-9]. Therefore, it is imperative to 
identify the individuals at risk at an early stage. Increasing 
evidence suggests that this epidemic of childhood obesity 
as a causative agent for premature onset of hypertension, 
resulting in, increased risk for adult coronary heart diseases 
[10,11]. The landmark Global Burden of Disease Study 
showed that the hypertension is leading the list of risk 
factors for death and disability worldwide [12]. 

Since the late 1990s, both the World Health Organization 
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(WHO) and the National Heart, Lung, and Blood Institute 
(NHLBI) have proposed that abnormal body weight be 
classified according to the body mass index (BMI) and body 
fat distribution, measured by the abdominal circumference 
(AC) or the waist circumference (WC) [13,14] It is widely 
accepted that being overweight, traditionally defined as 
having a body mass index  25 kg/m2, is a major risk factor 
for a wide range of chronic diseases and injuries including 
cardiovascular disease (CVD), type II diabetes and certain 
site specific cancers including colorectal and breast cancer 
[15,16]. A recent report from the Prospective Studies 
Collaboration, which was based on 466 000 deaths, 
estimated that optimal survival is achieved at a BMI of 
22.5–25 kg/m2 with reductions in life expectancy of 3 and 
10 years in individuals with moderate (BMI 30–35 kg/m2) 
and extreme obesity (BMI 40–50 kg/m2), respectively, the 
latter being equivalent to the years lost by lifetime smoking 
(Prospective Studies Collaboration, 2009) [17-20].

Although some cohort studies have shown that the 
higher the BMI, the greater the likelihood of developing 
hypertension in adults, The WHO recommends the use 
of the AC, taken at half-distance between the iliac crest 
and the lower rib cage rim, on the horizontal plane as a 
measurement of obesity [17-23]. However, the NHLBI 
prefers using the WC, measured at the highest portion of 
the right iliac crest as an indicator of obesity. The guide for 
identification and treatment of obesity in adults, published 
in 1998, refers to several prospective studies showing that 
abdominal fat correlates with increased mortality rate and 
risk for diabetes, hyperlipidemia, hypertension, coronary 
artery disease and cerebral and peripheral disease [24]. In 
spite of the need to establish cut off points of WC/AC for 
risk prediction of obesity related complication in children 
and adolescents, this was not proposed until 2004, although 
some articles reported percentile distributions in different 
populations [25]. So far, the cut-off points proposed for 
adults by the NHLBI7 were used, with 88 centimetres for 
women and 102 cm for men as standards.

Paediatric hypertension is increasing along with the 
paediatric obesity epidemic. Blood pressure measurement 
neither have been included in elementary school children 
health examination schedule, nor have blood pressure 
check-up been required during paediatric medical visits 
in India. This has led to under diagnosis of paediatric 
hypertension in clinical settings [26]. Hypertension 
is classified as essential (primary) or secondary to 
underlying cause, e.g. disease of renal parenchyma, reno-
vascular or endocrine disorders. Screening studies suggest 
that essential hypertension is in increase trend during late 
childhood and adolescence. There is increasing evidence 
that essential hypertension tracks into adulthood, resulting 
in considerable cardiovascular morbidity [27]. The 
objective of this present article was to assess the sensitivity 
and specificity of anthropometric body fat measurements 
in predicting hypertension and pre diabetes in a sample of 
school going children of Karnataka.

Materials and Methods
Study Design and Size

A cross sectional study  was carried out in Doddaballapura 
Government school, Karnataka, in December 2015, by 
Department of Paediatrics of Kempegowda Institute of 
Medical Sciences. A total of 389 students comprising of 
male and female adolescents, aged 11 to 17 years. Children 
with chronic disease like renal, hepatic or endocrine 
disorders or taking treatment for the same were excluded.

Data Collection Procedure

An informed consent was taken from all the subjects/ 
Principal of the school and institutes ethics committee 
permission was obtained. School was visited 1 day prior to 
the pre-arranged date and instructed for overnight fasting.

Anthropometric Parameters

The study protocol included anthropometric parameters, 
body weight, height, waist circumference (WC) and hip 
circumference (HC). Adolescents weight was measured 
(to the nearest 0.5 kg) with the child standing motionless 
on the weighing scale with feet 15 cm apart and weight 
equally distributed on each leg. Height was measured with 
adolescent being bare foot (to the nearest 0.5 cm) with the 
child standing in an erect position against a vertical scale 
of portable stadiometer with the participants feet placed 
together with heels, buttocks and shoulder blade against 
the stick head positioned in Frankfurt horizontal plane. 
Waist circumference was measured with a non-stretchable 
tape (exerting the same standard pressure on the tape) at 
the midpoint of the lowest rib cage and the iliac crest, to 
the nearest 0.1 cm. Hip circumference was measured at 
the level of greater trochanters with the subject in standing 
position and both feet together. For all measurements, tape 
was positioned parallel to the floor.

BMI was computed by dividing weight (kg) by height 
square (m2). BMI categories were defined as (a) Normal 
weight, (b) Overweight and (c) Obese according to 
contemporary Indian data. Height for age, weight for age 
and BMI for age z-scores were computed using Indian 
reference data [28]. 

Blood pressure was measured on left arm by auscultatory 
method using mercury sphygmomanometer. The individual 
was made comfortable and seated at least for five minutes 
in the chair before measurement. Hypertensive and Pre-
Hypertensive children considered and were checked again 
half an hour apart and the average of two reading was 
taken. Pre-Hypertension and Hypertension are diagnosed 
if Systolic or Diastolic blood pressure or both are >90th to 
<95th and >95th centile as per age and height, respectively.

Fasting plasma glucose was measured with One Touch 
Glucometer (Johnson & Johnson Co.) in all the subjects 
after an overnight 10 h fast. Later students were provided 
with breakfast. Pre-diabetes was defined as fasting plasma 
glucose between 100 mg/dl to 125 mg/dl.
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Body fat percentage was measured using commercially 
available digital monitor Omron HBF-306 body fat monitor 
incorporating bioelectrical impedance(BI) analyser.

Statiscal Analysis

Data were analyzed using SPSS version 19.0.Data was 
expressed as mean +/- SD for quantative variables or 
numbers and percentage for categorical variables. Data 
was compared using student t-test for 2 groups and 
ANOVA for more than 2 groups. Multivariate regression 
analysis was done to estimate effect of each variable on 
obesity. For all test p value<0.05 was considered statically 
significant. 

To detect the Sensitivity and Specificity of each 
anthropometric parameter to detect Prehypertension and 
Pre-diabetes ROC curve was plotted.

Results
In the present study, total 389 adolescents investigated, 
45% were girls and 55% were boys (Tables 1 and 2). 

The area under the curve for waist hip ratio, waist 
circumference, hip circumference, weight, body fat and 
BMI are 0.54, 0.43, 0.43, 0.43, 0.48 and 0.42, respectively. 
Of these values the waist hip ratio which had relatively 
higher area under the curve, at the cut of 0.84, it has 61% 
sensitivity and 54% specificity in suspecting an individual 
for pre-diabetes (Table 3 and Figures 1-3). 

The area under the curve for waist hip ratio, waist 

circumference, hip circumference, weight, body fat and 
BMI are 0.43, 0.46, 0.54, 0.60, 0.60 and 0.66, respectively 
(Table 4 and Figure 4) for hypertension in boys.

The area under the curve for waist hip ratio, waist 
circumference, hip circumference, weight, body fat and 
BMI for hypertension in girls is 0.54, 0.69, 0.79, 0.81, 
0.79 and 0.78, respectively (Table 5 and Figure 5). 

Interpretation

Compared to students with normal BMI, those who were 
overweight had 7.19 times [95% CI: (2.25-22.96)] high 
odds to have pre hypertension or hypertension (Table 6). 

Similarly compared to normal BMI students, obese 
students were had 8.76 times high odds [95% CI: (2.5-
330.27)] to have pre hypertension or hypertension. 

There was no significant difference between normal 
BMI students and underweight students in terms of Pre 
hypertension/Hypertension. 

Compared to students with normal WH ratio, low 
WHR students did not have any significant correlation 
in developing pre-hypertension or hypertension.

Compared to students with normal body fat percentage, 
those who had a high BFP had 6.02 times high odds 
to have pre-diabetes or diabetes similarly those who 
had very high body fat percentage who were at 21.25 
times high odds to have pre-diabetes and diabetes 
(Figure 3).

Anthropometric 
parameters

Prehypertension/Hypertension Normotensive Odds Ratio 
(95% CI) P value N (%) N (%)

BMI
Normal 21 (6.5) 302 (93.5) 1 (Ref)  

Underweight 48 (100.0) 0 (0.0) 4.57 (0) 1

Overweight 5 (33.3) 10 (66.7) 7.19 (2.25-
22.96) 0.001

Obese 2 (66.7) 1 (33.3) 28.76 (2.5-
330.27) 0.007

Waist hip circumference ratio
Normal 14 (12.8) 95 (87.2) 1 (Ref)  

Low 11 (4.6) 226 (95.4) 0.33 (0.14-
0.75) 0.009

High 3 (7.0) 40 (93.8) 0.51 (0.14-
1.87) 0.309

Body fat 
Normal 4 (2.3) 170 (97.7) 1 (Ref)  

Low 1 (1.8) 54 (98.2) 0.79 (0.09-
7.19) 0.832

High 18 (12.4) 127 (87.6) 6.02 (1.99-
18.23) 0.001

Very high 5 (33.3) 10 (66.7) 21.25 (4.93-
91.62) <0.001

Total 28 (7.20) 361 (92.80) - -

Table 1. Association of anthropometric parameters with hypertension status of the students
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Anthropometric Parameters Impaired FBS
N (%)

Normal FBS
N (%)

Odds Ratio (95% 
CI) P value 

BMI
Normal 40 (12.4) 283 (87.6) 1 (Ref)  

Underweight 7 (14.6) 41 (85.4) 1.21(0.51-2.87) 0.669
Overweight 1 (6.7) 14 (93.3) 0.51 (0.06-3.95) 0.515

Obese 0 (0.0) 3 (100) 4.52 (0) 0.992
Waist hip circumference ratio

Normal 15 (13.8) 94 (86.2) 1 (Ref)  
Low 32 (13.5) 205 (86.5) 0.98 (0.51-1.89) 0.948
High 1 (2.3) 42 (97.7) 0.15 (0.02-1.17) 0.070

Body fat 
Normal 19 (10.9) 155 (89.1) 1 (Ref)  

Low 6 (10.9) 49 (89.1) 1.01(0.38-0.64) 0.998
High 22 (15.2) 123 (84.8) 1.46 (0.76-2.82) 0.260

Very high 1 (6.7) 14 (93.3) 0.58 (0.07-4.68) 0.611
Total 28 (7.20) 361 (92.80) - -

Table 2. Association of anthropometric parameters with diabetes status of the students

Anthropometric 
parameter

Cut off point to predict pre 
diabetes among girls 

Sensitivity at this cut-off 
point to predict pre-

hypertension

Specificity at this cut-off 
point to predict pre-

hypertension
Weight 41.5 68% 46

Hip circumference 80.5 68% 33%
BMI 18.5 72% 56%

Body fat 22.7 72% 54%

Table 3. Interpretation ROC curve for prediabetes among girls

Anthropometric 
parameter

Cut off point to predict 
hypertension among boys

Sensitivity at this cut-off 
point to predict pre-

hypertension

Specificity at this cut-off 
point to predict pre-

hypertension
Weight 45.50 85% 59%

Waist circumference 68.5 92% 63%
Hip circumference 81.5 89% 59%

Waist hip ratio 0.82 92% 35%
BMI 17.9 92% 58%

Body fat 22.2 85% 70%

Table 4. Interpretation ROC curve for pre-hypertension for boys

Anthropometric 
parameter

Cut off point to predict 
hypertension among girls

Sensitivity at this cut-off 
point to predict pre-

hypertension

Specificity at this cut-off 
point to predict pre-

hypertension
Weight 43.5 87% 53%

Waist circumference 64.5 87% 29%
Hip circumference 84.5 73% 63%

Waist hip ratio 80.5 73% 47%
BMI 18.7 80% 60%

Body fat 23.6 80% 58%

Table 5. Interpretation ROC curve for pre hypertension among girls
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Discussion 
Vague was first to realize that different body morphology 
or types of fat distribution were related to various risks 
associated with obesity [29]. Our study comprising of 
214 males and 175 females showed the prevalence of 
overweight and obesities among preparatory adolescents 
in government school of Karnataka was 3.9% and 0.8%, 
respectively.

There is a high incidence of Diabetes in India which is 
increasing rapidly. International Diabetes Association has 
estimated that there would be around 70 million cases of 
Diabetes mellitus in India by the year 2025 [30,31]. Also, 
studies have shown that diabetes sets in a decade earlier 
in Indians than West [32]. Abnormal anthropometric 
indicators like WHR and BMI are associated with a 

greater possibility of development of DM and metabolic 
syndrome. Students having a WHR of more than 0.8 were 
categorised as having high WHR. However, cut-off values 
of WHR are not prescribed by WHO for children. But 
previous studies have shown WHR values for children 
whose weight  for age was between  50th to 97th percentile 

Figure 3. Body fat with FBS status

Figure 1. ROC curve for prediabetes among boys

Figure 2. ROC curve for prediabetes among girls

Figure 4. ROC curve for pre-hypertension for boys

Figure 5. ROC curve for pre hypertension among girls
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were between 0.8-0.9, which is closer to the WHR cut-off 
values for adults as per WHO guidelines [33]. In our study, 
number of students with high waist-hip-ratio especially 
was 11.1% (43 participants). Significant correlation was 
found between WHR and pre-diabetic status (p value=0.07) 
(Table 6). As overweight condition and obesity are risk 
factors for diabetes, a high waist measurement and a high 
WHR might serve as a good indicator in recognizing cases 
at high risk that might progress to pre-diabetic state and 
later Diabetes mellitus. No correlation was found between 
pre-diabetes with overweight or obesity. This might be due 
to the fact that insulin resistance is a common feature even 
in non-obese Asian Indian subjects with a specific "Asian 
Indian Phenotype" that refers to certain unique clinical 
and biochemical abnormalities in Indians which include 
increased insulin resistance, greater abdominal adiposity, 
i.e., higher waist circumference despite lower body 
mass index, lower adiponectin and higher high sensitive 
C-reactive protein levels. This phenotype makes Asian 
Indians more prone to diabetes and premature coronary 
artery disease. At least a part of this is due to genetic 
factors. This observation is also in accordance with the 
study done by Narayanappa et al. [32,34,35]. However, 
the primary drive for the epidemic of diabetes is the 
rapid epidemiological transition associated with changes 
in dietary patterns and decreased physical activity as 
evident from the higher prevalence of diabetes in the urban 
population which in recent times is also seen in rural areas.

At third screening, a total of 28 cases (7.2%) had abnormal 
blood pressure of which 5.1% were in pre hypertension 
group and 2.1% in hypertension. The prevalence in various 
other studies ranged from 0.46% to 19% as shown in. 
This wide difference could be due to different standards 
used for the diagnosis of hypertension and also, due to 
variations in the regions. Also, there is higher prevalence 
of hypertension in southern India probably because of 
influencing factors like genetic inheritance, dietary habits 
and lifestyle factors. 

According to NHBPEP, pre-hypertension defined 
if BP is between 90th and 95th percentile. Stage I 
hypertension is BP from 95th percentile to <99th 
percentile plus 5 mm of Hg. Stage II hypertension 
is BP more than 99th percentile plus 5 mm of Hg. 
Prehypertension and stage I hypertension need only 
weight and dietary management. Stage II hypertension 

needs pharmacological therapy in addition to weight and 
diet management. Our cases were managed accordingly.  

Anthropometric Risk Factors 

Pre-hypertension and hypertension were directly 
proportional to weight for age (p<0.05). Also it was noted 
that, high body fat had significant association to incidence 
of pre hypertension and hypertension. Hypertension in 
obese children could be due to increased cardiac output, 
increased blood volume, excessive sodium intake, 
increased steroid production and alteration in receptors for 
various presser substances [40].

Body mass index and increased weight and height had 
a significant association with hypertension in our study 
(p ≤ 0.001), similar results obtained in Anand et al. 
[37] Chadha et al. [40] study. The results also showed 
that lower the BMI, lessen the chances of hypertension. 
Obesity in childhood is a well-established risk factor for 
hypertension. In our study, prevalence of HTN in obese 
children is 11.1% which is statistically significant. Sorof 
et al. [39] Verma et al. [36] have shown that 19.4% and 
13.7% of obese children had hypertension, respectively.

No association was found between waist hip ratio and 
hypertension, it correlates with studies done by Chaddha 
et al. and Moussa et al. [40,41].

Limitations 

The sample size in the present study was small and there 
are no standard charts available for the local population 
from which the sample has been taken. Blood pressure is 
also influenced by various other factors such as ambience, 
fasting vs. non fasting state, psychological stress, which 
could not be controlled in our study. 

Recommendations 

Regular anthropometric and blood pressure monitoring 
at least once in a year on an outpatient basis or in routine 
school health check-up should be incorporated in early life.  

Serial blood pressure measurements are required to 
diagnose hypertension than single reading and children 
with significant clinical history should be screened at the 
earliest. 

Studies involving a larger population are required to 
prepare standard centile charts for the local population. 

Study Year of Study Place of Study Prevalence of Hypertension in Obesity
Gupta et al. [42] 1990 India 0.34%

Verma et al. [36] 1994 Punjab, India 13.7%

Anand et al. [37] 1996 Amritsir ,India 0.23%
Macedo et al. [38] 1996 North Portugal 5.2%
Sorof et al. [39] 2002 Texas, USA 19.4%
Present study 2015 Banglore, India 7.2%

Table 6: Similar studies
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What is Already Known?

Extensive studies have been done to establish relation 
between waist hip ratio with prehypertension and 
prediabetes in western country. Those studies correlate 
faulty food habits and sedentary lifestyle with obesity 
associated comorbidity.

What this Study Adds?

So far very few similar studies have been done in school 
going children in India, and study in rural parts of India 
are very rare. Among the studies which are done, many 
of them do not include BMI, Waist hip ratio and Body Fat 
percentage all together to correlation for pre-hypertension 
and pre-diabetes in a single subjected population sample. 
Our study establishes this relation in school going children 
of rural part of Karnataka. It was an extensive study which 
concluded BMI, Waist hip ratio and Body Fat percentage 
are early Predictors of Prehypertension and Hypertension. 
Our results are comparable to studies done at urban scales. 
Early incidence can prevent this epidemic rise in obesity 
and associated comorbidities in new India.

Conclusion 
Hypertension and Diabetes is a significant problem in 
the school going adolescents of developing countries. 
Obesity, waist hip ratio, and increased body mass index 
are significant anthropometric risk factors for hypertension 
and diabetes. Using simple screening methods in younger 
ages itself like measuring BMI, WHR and FBS, it is 
possible to identify individuals at high risk at an early age 
and accordingly lifestyle modifications can be adopted to 
postpone the onset of the disease and reduce the burden on 
the community and the nation.
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