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ABSTRACT

Introduction: The relevance of both hypertension and obesity, as important public health challenges, is increasing worldwide as they do not present as any 
immediate life threatening condition. The relationship between Hypertension & BMI is of particular interest to developing countries as excess cardiovascular 
mortality among lean hypertensive subjects has been reported in some studies. The present study was undertaken to measure the prevalence of hypertension and its 
association with obesity and various other parameters in a rural population. 
Material and methods: The cross sectional study done over a period of 1 year involved 1080 adult participants from the rural area. Anthropometry, along with 
BF% (using hand held analyzer) and blood pressures were recorded using standard procedures. 
Results: 18.9% of the study population was hypertensive with 12.6% in stage I and 6.3% in stage II. As per modified criteria of defining overweight and obesity in 
Asian Indians, prevalence of overweight and obesity was 15.00% and 34.6% in our population. 70.5% hypertensive and 53.5% pre-hypertensive were overweight 
and obese. Mean BMI, BF%, WC and WHR was significantly higher in hypertensive (P< 0.05). Binary logistic regression showed that the factors independently and 
significantly associated with being hypertensive were age (>60 yr), occupation (labourer and business), education status (all categories) and higher socio-economic 
status. The ROC curves was used to illustrate the sensitivity and specificity of the BMI, BF%, WC, WHR for an association with hypertension in males & females 
separately.  
Conclusion: The burden of both diseases is increasing at an alarming rate even in rural India.  
Keywords:  Hypertension, Anthropometric variables, Rural areas, North India. 
 
INTRODUCTION 

Non communicable diseases of late have steadily but 

strongly established their foothold in this modern world. The 

dynamics of changing milieu complexed with widespread 

adoption of unhealthy lifestyles have worsened the scenario 

further. In developing countries like India, it is creating the 

worst of both worlds- the double burden of under nutrition 

and the rapidly emerging epidemic of diseases of affluence. 

Non-communicable diseases (NCDs) accounts for 53% of all 

deaths and 44% of all DALYs lost.1 This rising epidemic 

reflects the profound changes in society and in behavioural 

patterns of communities over recent decades.  Among NCDs, 

Hypertension, with all its variegates, affects the entire 

spectrum of the population, including men, women, and even 

the children. Hypertension is estimated to contribute to 9•4 

million deaths each year worldwide. Compared with the 

year 2000, the number of adults with hypertension is 

predicted to increase by 60% to a total of 1.56 billion by 
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the year 2025.2 Hypertension is no longer regarded as a 

single disease entity but recognised “as part of a bigger 

disease conglomerate almost always accompanied by 

obesity, diabetes, kidney disease or many other co-existing 

problems involving lifestyle”.  

The relevance of both hypertension and obesity, as important 

public health challenges, is increasing worldwide. The main 

problem with these diseases is that they do not present as 

any immediate life threatening condition but as slowly 

progressive chronic diseases. The close relationship between 

excess adipose mass and hypertension is well documented, 

with population-based studies showing excess adiposity as 

the strongest known risk factor for hypertension in male and 

female subjects of different ages and races.3-7This epidemic 

of obesity and obesity-related hypertension is paralleled by 

an alarming increase in the incidence of diabetes mellitus 

and chronic kidney disease. Worldwide, Indo-Asian people 

are among the populations at highest risk for cardiovascular 

disease.8   

Because of the observed differences between populations, 

the International Association for the Study of Obesity and the 

International Obesity Task Force has suggested lowering BMI 

cut-off values for the definitions of overweight (23.0–24.9 

kg/m2) and obesity (25.0 kg/m2 or greater) in Asian 

populations. 9, 10  

The relationship between Hypertension & BMI is of particular 

interest to developing countries as excess cardiovascular 

mortality among lean hypertensive subjects has been 

reported in some longitudinal studies.11-13 The menace of 

hypertension has also crept in the rural areas as well owing 

to sedentary lifestyles and unhealthy dietary practices. The 

present study was undertaken to measure the prevalence of 

hypertension and its association with obesity and various 

other parameters in a rural population. Such study would 

address the paucity of data regarding hypertension in a 

rural area and to timely institute preventive measures to 

decrease the harmful effects of hypertension. 

MATERIAL AND METHODS: 

The study was conducted in block Beri, District Jhajjar, 

Haryana which is attached to Department of Community 

Medicine, Pt. B. D. Sharma PGIMS, Rohtak and serves as a 

rural field practice area. It was a cross-sectional, community 

based study, conducted from September 2013 to August 

2014. All adult participants who were 20 years of age and 

above were enrolled in study. 

Inclusion criteria 

1. Subjects who were residing in the study area since 6 

months 

2. Subjects registered at the sub-centre and  

3. given informed written consent were included in the 

study 

Exclusion criteria 

1. Migrants 

2. Bed ridden patients  

3. Subjects on long term medicines for chronic diseases 

were excluded 

The sample size was calculated to be 970 considering the 

prevalence of overweight 9% 14 with confidence level of 

95% and 20% allowable error. By applying the formula 

n = (Z1-a/2)2 x p (1-p) / d2 

Where:  

Z= Value of area under the normal curve (1.96 for 2-sided 

test; 5% significance level) 

a= Level of significance (0.05) 

p= Prevalence (proportion- 9%) 

d= Relative Allowable error (20%) 

n= Sample Size 

Though the calculated sample size was 970 but a sample of 

1080 study participants were included for the study. The 

permission and ethical clearance for the study was obtained 

from the institutional ethical committee. Written informed 

consent was obtained from each study participant. 

From each PHC, two sub-centre were randomly selected and 

from each sub-centre area, two anganwadis were also 

selected by simple random sampling technique that gave us 

a total of 6 sub-health centres and 12 anganwadis that were 

included in the study. From each anganwadi, 90 individuals 

who were (subdivided into 20-29, 30-39, 40-49, 50-59, 60 

years and above) were interviewed. Sex wise enumeration 

of the study population according to the subdivided age 

groups was done from the anganwadi registers. 9 males and 

9 females were selected from each of the five age 

subgroups by systematic random sampling. In case, the 

desired number of study subjects were not met in any 

anganwadi area, subsequent AWC was included in the 

study.                                                                         
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Data was collected on a pre-designed, pre-tested and semi 

structured schedule (which included socio-demographic 

details) by interview technique by the investigator himself 

after ensuring the confidentiality of the information. After 

filling the questionnaire, the respondents were called to a 

separate room for anthropometric measurements and 

variables such as weight (kgs), height (cms), BMI (kgs/m2), 

WC (waist circumference in cms), HC (hip circumference in 

cms), WHR (waist to hip ratio), body fat percentage (BF%) 

were recorded using standard procedures.15 In case of 

female study subjects, privacy was maintained and a female 

para-medical health worker was present while taking 

measurements. 

Body fat percentage (BF %) was measured using a 

commercially available bioelectric impedance analyser (HBF-

306, Omron Health care Co., Kyoto, Japan). The study 

subjects were asked to stand on the flat surface and gently 

grasp the two handgrips with arms held straight forward. 

The subjects who were found to have the disease were 

referred to PGIMS, Rohtak after counselling for further 

intervention. Udai Pareek scale was used to classify the 

socio-economic status.16 

Blood pressure was measured using a Mercury 

Sphygmomanometer. Two blood pressure readings were 

taken with the subject in a relaxed sitting position with the 

back supported by the chair backrest and average of both 

reading was taken. Hypertension was classified using JNC -8 

criteria .17 

The modified classification of BMI for Asian populations was 

used in this study to define overweight (23-24.99kg/m2) & 

obesity (> 25 kg/m2). 9,10 Cut-off points used to define 

Central obesity were WC ≥ 90 cm for men & ≥ 80 cm for 

women. Waist Hip Ratio >0.90 in men & >0.80 in women 

was taken as high.18 Body Fat % >25% in males and >30% 

in females was taken as high.19 

Analysis was carried out using SPSS version 17.0. Pearson’s 

Chi‑square test was used to evaluate differences between 

groups for categorized variables. Normally distributed data 

were presented as means and standard deviation, or 95% 

confidence intervals. All tests were performed at a 5% level 

significance. Logistic regression analysis was used to 

determine the odds ratio (95% CI) of the presence of at 

least one risk factor in subjects categorized as overweight or 

obese. Receiver Operating Characteristic (ROC) curves were 

drawn and cut off values were calculated. 

RESULTS: 

18.9% of the study population was hypertensive with 12.6% 

in stage I and 6.3% in stage II having female preponderance 

(19.1%) as compared to male (18.7%). As per modified 

criteria of defining overweight and obesity in Asian Indians, 

prevalence of overweight and obesity was 15.00% and 

34.6% in our population with females having more obesity 

as compared to males. 70.5% hypertensive and 53.5% pre-

hypertensive were overweight and obese. Hypertension was 

not solely restricted to the obese and overweight individuals 

and was also seen in study subjects who had a normal BMI 

(Table 1). 

Mean BMI, BF%, WC and WHR was significantly higher in 

hypertensive (P< 0.05) (Table 2). Partial correlation 

coefficients controlled for age and sex for all anthropometric 

indicators had a significant positive correlation with both 

systolic and diastolic blood pressure except for WHR (Table 

3). 

Table 4 depicts the socio demographic variables and their 

association with hypertension. All study participants were 

equally distributed by age group and gender. 41.7% of the 

subjects were having no occupation, which meant either they 

were unemployed or retired persons or housewives and were 

not contributing economically to the family, followed by 

cultivation (18.2%), labourers (17.8%), business (11.9%)& 

service (government or private) (10.5%). One third (34.4%) 

were illiterate, followed by the participants who were 

educated up to high school (33.5), middle school (16.2%), 

graduate and above (8.7%) and primary (7.1%). Nearly 

half (47.2%) belonged to lower middle socioeconomic status 

followed by middle (34.0%), lower (14.2%), upper middle 

(4.0%) and upper (0.6%).  

Binary logistic regression was applied using gender, age, 

occupation, education and socio-economic status as 

independent predictors. In our study, the factors 

independently and significantly associated with being 

hypertensive were age (>60 yr), occupation (labourer and 

business), education status (all categories) and higher socio-

economic status in logistic regression. 
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Table 1: Distribution of hypertensive individuals in different BMI Categories 

     HTN 

 

                 BMI 

Normal Pre- HTN 
GRADE 

I HTN 

GRADE 

 II HTN 

 

TOTAL 

UNDERWEIGHT 77(20.2) 51(10.3) 4(2.9) 6(8.8) 138(12.8) 

NORMAL 167(43.8) 179(36.2) 36(26.5) 24(35.3) 406(37.6) 

OVERWEIGHT 45(11.8) 92(18.6) 21(15.4) 4(5.9) 162(15.0) 

OBESE 92(24.1) 173(34.9) 75(55.1) 34(50.0) 374(34.6) 

TOTAL 381(100) 495(100) 136(100) 68(100) 1080(100) 

Chi square 82.648, df = 9, P-value < 0.01. 

 

Table 2: Comparison of anthropometric variables in hypertensives & non-hypertensive individuals 

Anthropometric variables Hypertensives (N= 204) Non- hypertensives (N= 876) 

BMI 25.82+5.21 22.94+4.35 

BF% 30.15+8.36 26.68+8.36 

WC(cms) 93.17+10.80 84.58+ 12.94 

WHR 1.00+0.74 0.91+0.85 

 
Table 3: Correlation of SBP & DBP with different anthropometric variables 

 BMI WC WHR BF% 

SBP 0.259** 0.275** 0.74* 0.179** 

DBP 0.260** 0.252** 0.021 0.155** 
**.Correlation is significant at the 0.01 level (2-tailed). 

*. Correlation is significant at the 0.05 level (2-tailed). 

 
Fig. 1: ROC curve for males 
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Table 4: Independent association of variables with hypertension (Logistic regression analysis) 

Characteristics N No. (%) of 
hypertensives 

a OR(95%CI) p value 

Gender     

Male 540(50) 101/540(18.7) (reference)  
Female 540(50) 103/540(19.1) 0.818(0.564-1.186) 0.288 

Age Group (in years)     

20-29 216(20) 39/216(18.1) (reference)  
30-39 216(20) 34/216(15.7) 0.846(0.494-1.448) 0.542 
40-49 216(20) 43/216(19.9) 1.193(0.709-2.006) 0.506 
50-59 216(20) 39/216(18.1) 0.984(0.580-1.668) 0.952 

>60 years 216(20) 49/216(22.7) 1.480(0.891-2.458) 0.013 
Occupation     

None 450(41.7) 69/450(15.3) (reference)  
Labourer 192(17.8) 40/192(20.8) 0.374(0.168- 0.675) <0.01 
Business 128(11.9) 31/128(24.2) 1.768(1.029-3.038) 0.039 

Cultivation 197(18.2) 43/197(21.8) 0.760(0.430-1.342) 0.344 
Service 113(10.5) 21/113(18.6) 0.843(0.539-1.418) 0.175 

Educational status    
Illiterate 372(34.4) 80/372(21.5) (reference)  

Primary 77(7.1) 10/77(13.0) 0.273(0.128-0.582) 0.001 

Middle 175(16.2) 10/175(5.7) 0.106(0.049-1.42) 0.001 

High School 362(33.5) 81/362(22.4) 0.443(0.266-0.737) 0.002 
Graduate and above 94(8.7) 23/94(24.4) 0.397(0.200-0.788) 0.008 

Socio-economic status*    
Lower 153(14.2) 19/153(12.4) (reference)  

Lower middle 510(47.2) 81/510(15.9) 2.671(1.476-4.834) 0.001 
Middle 367(34.0) 87/367(23.7) 8.268(3.816-17.913) <0.01 

Upper middle 43(4.0) 14/43(32.6) 15.158(5.058- 45.425) 0.01 
Upper 7(0.6) 3/7(42.9) 22.872(3.739-137.918) 0.01 

(Udai Pareekh Scale applied for socio-economic scale) 

 

 

Table 5a: Sensitivity, specificity & cut off values of different anthropometric variables for identifying the risk of hypertension in 

males 

Male 
Area Under Curve AUC 

(95% CI) 
Cut Off -Value Sensitivity Specificity 

BMI 0.673 (0.616-0.730) 24.50 57% 69.0% 

BF% 0.638 (0.578- 0.697) 28.50 57% 66.0% 

WC 0.717 (0.664- 0.769) 89.50 61.0% 72.0% 

WHR 0.657 (0.600- 0.714) 0.94 55.0% 63.0% 
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The cut-off values for all the anthropometric indicators were 

worked out by ROC analysis separately for male and 

female population to identify the risk of hypertension. The 

ROC curves illustrate the sensitivity and specificity of the BMI, 

BF%, WC, WHR for an association with hypertension in 

males (Table 5a) & females (Table 5b) 

DISCUSSION:  

Integrated disease surveillance project (IDSP) Non 

communicable disease (NCD) risk factor survey reported 

among the rural households, hypertension varied from 16% 

in Tamil Nadu to 22% in Maharashtra & prevalence of 

obesity was less than 4% in the surveyed states (BMI >30 

kg/m2).20 The prevalence of hypertension in the current 

study as per JNC VIII guidelines was observed to be 18.8%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results seen are in contrast to the discussions around the 

world regarding  the epidemic of NCDs where the problem 

has been invariably used in the future tense for the 

developing world and that too specifically prevalent in  the 

urban settings. In our study, the observed rates of 

hypertension and high BMI are unacceptably high among the 

adult population of the rural areas and is no more 

dependent on the factors like education & socio-economic 

status. 

This study depicted significant positive correlation between 

all the anthropometric indicators and systolic and diastolic 

blood pressure except for WHR. Many investigators have 

earlier reported significant positive correlation of body mass 

index with systolic and diastolic blood pressure.21-24 

Table 5b: Sensitivity, specificity & cut off values of different anthropometric variables for identifying the risk of hypertension in 

females 

Female AUC(95% CI) CUT OFF -VALUE SENSITIVITY SPECIFICITY 

BMI 0.63 (0.573- 0.693) 24.50 kg/m2 58.3% 60.6% 

BF% 0.60(0.536- 0.663) 26.50% 70.0% 41.7% 

WC 0.68(0.622-0.731) 92.50 cms 58.3% 69.8% 

WHR 0.59(0.528-0.646) 0.95 48.0% 61.0% 

 

 
Fig. 2: ROC curve for females 



 
Verma M. et. al., August- September, 2015, 4(5), 1775-1783 

 

©SRDE Group, All Rights Reserved.                                                                                        Int. J. Res. Dev. Pharm. L. Sci.             1781 

 

Significant positive correlation between WHR and systolic 

and diastolic blood pressure have been reported 

earlier.21,23,25,26 However, in our study, the correlation 

between WHR and DBP was not statistically significant 

similar to that observed by Deshmukh et al.27 

The most sensitive anthropometric variable in males was 

waist circumference (sensivity & specificity: 61.0%& 72.0%), 

while in females it was the body fat %( sensivity & 

specificity: 70.0%& 41.7%). The reliability of WHR as a 

predictor of hypertension has been doubtful as the results 

varied in different studies.28,29 Similar to our findings, Wang 

et al30 reported better correlation of BMI, BF% & waist 

circumference with blood pressure than waist hip ratio. Also, 

Janssen et al31 reported waist circumference and not BMI 

explains obesity related health risks including hypertension. 

Further, the cut-off values of BMI as a predictor of 

hypertension with the help of ROC curves analysis  are in 

coherence to BMI values(>23 kg/m2) as per the modified 

criteria for the Asian Indians in both men & women to define 

overweight and obesity. It was also observed that the mean 

values of all anthropometric indicators used in our study were 

significantly higher in hypertensive than in normotensive 

population and the findings were similar to many studies. 32-

34 Also the cut off values depicted in our study that were 

obtained with the help of ROC curve are higher than those 

observed by Jafar TH et al35 & Deshmukh PR et al27 which is 

explained by the fact that anthropometric parameters in the 

people of Haryana are towards the higher side even in the 

normal population and also because of the higher 

prevalence of overweight and obesity owing to rapid 

development in all parts of the state. 

In interpreting the results some important limitations of the 

study must be taken into account. A patient can only be 

diagnosed as clinically hypertensive if there is persistent 

hypertension on repeated visits. However, the mean of 

multiple readings on the same day (2 readings in the IDSP) is 

considered acceptable for field studies and has been used to 

diagnose hypertension in other surveys. Thus, we believe that 

these findings are acceptable and can be generalised to the 

population. Also, some dimensions of socioeconomic status 

may not have been adequately captured, and information 

on physical activity was not collected. In addition, association 

between different indices of obesity and blood pressure 

were cross-sectional. However, there have been few high-

quality cohort studies in the developing world that have 

assessed associations between obesity and incident diseases, 

and we believe that reverse causality is not a major problem 

for conditions that are largely asymptomatic. Moreover, the 

main objective of our analyses was to determine the regional 

representative prevalence of being hypertensive in different 

BMI categories. In-depth trials are needed to study the 

impact of strategies aimed at behaviour change that would 

target these factors as well as those identified previously in 

an attempt to reduce the prevalence of Hypertension. The 

sound epidemiologic design, high response rate and use of 

the modified Asian-specific definition of being overweight or 

obese are major strengths of our findings, which are 

generalizable at least in the northern part of the country. 

In conclusion, our study showed that 1 in 2 people in our rural 

area over the age of 20 years is overweight or obese. We 

have demonstrated alarming rates of obesity among youths 

and women, indicating where, in particular, interventions 

should be targeted. Owing to the better association of 

hypertension with lower BMI cut-off value (less than 23 

kg/m2), our findings support the use of Asian-specific 

thresholds for the definition of being overweight in this 

population. Immediate efforts are needed at a national level 

to control this problem and possibly the neighbouring 

developing countries. 
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