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Abstract 
Introduction: Approximately 7 million people die every year worldwide due to the deleterious effects of high 

blood pressure. Increased body weight is a significant risk factor for cardiovascular diseases and their association 

has been the subject of many studies. The present study was undertaken to examine the presence of obesity on the 

basis of BMI and to see how different parameters relate with the blood pressure readings in healthy individuals. 

The parameters measured included body mass index, waist to hip ratio, percentage of total body fat and waist 

circumference. The correlation of theses parameters with the high blood pressure was studied. We aimed to find 

out the parameter that would relate more closely to the high blood pressure readings.  

Materials and Methods: A cross sectional non-interventional study was conducted after the approval of the 

ethical committee of the institute. Two hundred subjects of age group 18-20 years were included in the study. 

Correlation analysis was done using Primer of Biostatistics version 7software.  

Results: A total of 80 males and 120 females took part in the study. The mean age was 18.18 years for males and 

18.7 years for females. SBP showed positive and statistically significant correlation with height (r=0.5), weight 

(r=0.5), WC (r=0.3), WHR (r=0.22). DBP showed positive and statistically significant correlation with weight 

(r=0.3), BF% (r=0.26) and BMI (r=0.24).  

Conclusion: Obesity and high BP are positively correlated. Waist circumference can be better predictor of obesity 

related risk than waist hip ratio, body mass index and body fat percentage. 
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Introduction 
 

Approximately 7 million people die every 

year worldwide due to the deleterious effects of 

high blood pressure. Overweight and obese 

individuals are at a higher risk of developing 

hypertension. Increased BMI and high BP are 

positively correlated. The presence and severity 

of obesity can be assessed by measuring waist 

hip ratio (WHR), BMI and body fat percentage 

(BF%). Abnormally increased values of these 

parameters are directly related to the 

development of high blood pressure and 

cardiovascular disease. Abnormal and high value 

of waist-to-hip ratio is an independent predictor 

of cardiovascular disease.1 The present study was 

therefore undertaken to examine the presence of 

overweight and obesity amongst the normal 

subjects on the basis of BMI and to study the 

inter-relationship between BMI, WHR, BF% and 

waist circumference (WC) with blood pressure.  

 

Materials and Methods 
 

A cross sectional non-interventional study 

was conducted after the approval of the ethical 

committee of the institute. The written informed 

consent was taken from the subjects. Two 

hundred subjects of age group 18-20 years were 

included in the study. Detailed history of all the 

subjects was taken.  

Exclusion Criteria: Subjects with present or 

past history of any acute or chronic disease state 

were excluded from the study.  

Body weight: This was measured with the 

subject standing erect and without shoes. Same 

instrument was used throughout the study.  

Height: This was measured with subject 

standing erect on the floor with the buttocks, 

shoulders and back of the head touching the wall. 

The lower border of the orbit was held in the 

same horizontal plane as the external auditory 

meatus. The arms were hanging freely by the 

side of the body. Recording was nearest to 0.5 

cm. 

Waist circumference (WC): Waist 

circumference was measuredat midpoint between 

the iliac crest and last palpable rib in the mid 

axillary line with measuring tape wrapped snugly 

at the end of natural breaths. Measuring done 

was nearest to 0.1 cm. 
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Hip Circumference (HC): This was measured 

at the level of greater trochanters. Measurement 

was nearest to 0.1 cm. 

Waist hip ratio (WHR): Thiswas calculated by 

the following formula,  

WHR = waist circumference (cm) / hip 

circumference (cm).2 

Body composition: Body fat percentage was 

measured by using the instrument OMRON 

HBF-306 which is based on the principle of 

bioelectrical impedance.3 The BMI was 

measured by the same machine with the formula 

weight (kg) divided by the square of height (m2). 

As per the current WHO guidelines, Obesity and 

overweight were measured using cut off values 

as BMI ≥30kg/m2 and ≥25 kg/m2 respectively. 

Measuring blood pressure: As perWHO 

guidelines BP was measured by the digital 

monitor after 5 mins of rest and in a sitting 

position.4 Three readings were taken with the 

interval of 3 min between consecutive 

measurements. Average values were calculated 

from the three readings. In order to reduce bias 

and variations in the BP measurement following 

things were considered. 

1. Same instrument was used throughout the 

study. 

2. An average of three readings was calculated 

for the analysis. 

3. Readings were taken at the same time of the 

day to minimize the effect of diurnal 

variation for all the subjects. 

4. Abstain from tea, coffee and physical 

exertion an hour prior to the measurement. 

 

Results 
 

Data was analyzed using software Primer of 

Biostatistics version 7.0 after importing it into 

excel sheet. A total of 80 males and 120 females 

took part in the study. The mean age was 18.18 

years for males and 18.7 years for females with 

the median age being 19 years for both.  

Height, weight, WC, systolic blood pressure 

(SBP), mean arterial pressure (MAP) and pulse 

pressure (PP) in males was more and statistically 

significant compared to females on applying 

unpaired t test as seen in Table 1. Body fat 

percentage and PR were more and statistically 

significant in females compared to males as 

shown in Table 1.  

 

Table 1: Significance of the gender difference between various parameters 

Parameters Males 

(n=80) 

Mean ± SD 

Females 

(n=120) 

Mean ±SD 

P value 

Height 166.82 ± 8.31 156.34 ± 6.76 0.0001‡ 

Weight 66.99 ± 12.87 57.07 ± 10.87 0.0001‡ 

WC 77.68 ± 11.54 73.73 ± 12.25 0.02* 

HC 97 ± 9.39 94.6 ± 11.36 0.1 

WHR 0.8 ± 0.07 0.78 ± 0.09 0.09 

BF% 25.7 ± 8.22 29.52 ± 7.34 0.0001‡ 

BMI 23.9 ± 4.38 23.66 ± 4.6 0.7 

PR 85 ± 10.54 88.67 ± 10.52 0.01* 

SBP 112.5 ± 12.9 105.9 ± 10.2 0.0001‡ 

DBP 71.5 ± 7.5 71 ± 6.57 0.6 

MAP 84.65 ± 8.2 82.2 ± 6.9 0.02* 

PP 41 ± 10.92 34.91 ± 8.23 0.0001‡ 

Statistically significant at p*<0.05, p†<0.01,p‡<0.001.WC: Waist circumference, HC: Hip 

circumference, WHR: Waist hip ratio, BF%: Body fat percentage, BMI: Body mass index, PR: Pulse 

rate, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, MAP: Mean arterial pressure, PP: 

Pulse pressure. 

 

In males, SBP showed positive and statistically significant correlation with height, weight, WC, 

and WHR (Table 2). DBP showed positive and statistically significant correlation with weight, BF% 

and BMI (Table 2). In females, SBP showed positive and statistically significant correlation with 

weight (Table 3). Percentage of overweight subjects was more in males but percentage of obesity was 

more in females (Table 4). Percentage of pre-hypertension and hypertension was more and statistically 

significant in males (Table 5). 

 

 



Meera Dattani et al.                                Waist circumference relates to blood pressure among adults 

Indian Journal of Clinical Anatomy and Physiology, January-March, 2018;5(1);91-96                                         93 

Table 2: Correlation between systolic blood pressure, diastolic blood pressure, mean arterial 

pressure and pulse pressure with various parameters (males) 

Blood 

pressure 

Height Weight WC HC WHR BF% BMI 

SBP 0.5‡ 0.5‡ 0.3* 0.18 0.22* -0.08 0.20 

DBP 0.15 0.30† 0.17 0.17 0.10 0.26* 0.24* 

Correlation significant at: p*<0.05, p†<0.01,p‡<0.001. WC: Waist circumference, HC: Hip 

circumference, WHR: Waist-to- hip ratio, BF%: Body fat percentage, BMI: Body mass index, SBP: 

Systolic blood pressure, DBP: Diastolic blood pressure, MAP: Mean arterial pressure, PP: Pulse 

pressure 

 

Table 3: Correlation between systolic blood pressure, diastolic blood pressure, mean arterial 

pressure and pulse pressure with various parameters (Females) 

Blood 

pressure 

Height Weight WC HC WHR BF% BMI 

SBP 0.08 0.25† 0.13 0.04 0.14 0.07 0.16 

DBP -0.02 0.1 0.16 0.16 0.05 0.09 0.14 

Correlation significant at: p*<0.05, p†<0.01. WC: Waist circumference, HC: Hip circumference, 

WHR: Waist-to- hip ratio, BF%: Body fat percentage, BMI: Body mass index, SBP: Systolic blood 

pressure, DBP: Diastolic blood pressure, MAP: Mean arterial pressure, PP: Pulse pressure 

 

Table 4: Overweight & obesity 

Body mass index Males% (Number ) Females% (Number ) 

Normal weight 48.75 (39) 50.83 (61) 

Under weight 8.75 (7) 12.5 (15) 

Over weight 36.25 (29) 26.66 (32) 

Obese  6.25 (5) 10 (12) 

BMI and Gender, chi-square = 2.89 (non-significant) 

 

Table 5: Pre-hypertension andHypertension  

Blood pressure Males % (Number) Females % (Number) 

SBP DBP SBP DBP 

Normal  73.75 (59) 81.25 ( 65) 89.16 (107) 92.5 (9) 

Pre-hypertension  23.75 (19) 18.75 (15) 10.83 (13) 7.5 (9) 

Hypertension  2.5 (2) 0 0 0 

DBP and Gender chi-square = 4.737* (p < 0.05), SBP and Gender chi-square = 9.38† (p < 0.01). SBP: 

Systolic blood pressure, DBP: Diastolic blood pressure  

 

Discussion 
 

In this study, we found that mean values of 

height, weight and waist circumference in males 

were more and statistically significant compared 

to females. Similar results were obtained by Dua 

et al and Mushengezi B and Cillo P. 5,6 However 

value of body fat percentage was more and 

statistically significant in females compared to 

males. Mushengezi B and Cillo P[6]reported 

similar findings in a study carried out in 

secondary school adolescents as subjects. Pulse 

rate was more and statistically significant in 

females compared to males as was also observed 

by Moselakgomo VK et al.7 Systolic blood 

pressure, mean arterial pressure and pulse 

pressure were found to be more and statistically 

significant in males compared to females. 

Similar findings are recorded by Moselakgomo 

VK et al and Reckelhoff JF.7,8  

Blood pressure in adults is related to various 

indices of body build. Weight is positively 

associated with blood pressure but stature shows 

little relationship with it. There is evidence that 

increased body weight in adults is predominantly 

due to an increase in the amount of fat.9 The 

association of blood pressure with body weight 

could be due to the increased total body mass or 

to some special underlying relationship between 

blood pressure and body fat resulting from 

differences in microcirculation in fat tissue.  

Several studies have been done in different 

parts of India on factors affecting cardiovascular 

function. Obesity or excess relative weight is 

found to be associated with increased risk of 

disease morbidity and mortality.5 
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Men are generally at greater risk for 

cardiovascular and renal disease than are age-

matched premenopausal women. Recent studies 

using the technique of 24-hour ambulatory blood 

pressure monitoring have shown that blood 

pressure was higher in men than in women at 

similar ages. The key factor in controlling the 

pressure-natriuresis relationship is the renin-

angiotensin system (RAS). The possibility that 

androgens increase blood pressure via the RAS 

has been explored, and the possibility that the 

RAS also promotes oxidative stress leading to 

production of vasoconstrictor substances and 

reduction in nitric oxide availability has been 

proposed.8 An inhibitory effect of estradiol on 

the activation of the RAAS (Rennin-

Angiotensin-Aldosterone System) in 

premenopausal women has been explained by 

Seely et al.10 It may play an important role in 

lowering BP in premenopausal women. 

On regression analysis, systolic blood 

pressure showed positive and statistically 

significant correlation with height and weight in 

males. SBP also showed correlation which is 

positive and statistically significant with waist 

circumference and waist hip ratio in males but 

not seen in females. Similar finding was seen by 

Dua S et al., Reckelhoff JF and Guagnano MT 

etal.5,8,2 Diastolic blood pressure showed poor 

correlation with weight, body fat percentage and 

body mass index in males but not in females. 

Influence of the sex-dependent body fat 

distribution on the relationship between body 

weight and blood pressure in obese hypertensive 

subjects has been studied.11,12 The association of 

blood pressure with body weight and other 

indices of fatness such as skin fold thickness has 

been shown by many epidemiological 

studies.2,13,15,16 Though multiple studies have 

shown that obesity and hypertension are related, 

the exact nature of such a relationship is quite 

complex in nature. Because of this reason the 

correlation coefficients in these studies have 

been constantly small.12,11 

Kanai et al17 studied the relationship 

between intra-abdominal fat and the high blood 

pressure in obese females. They reported that 

such a relationship was independent of the age of 

the female and her body mass index. This 

suggests that there’s a role for the intra 

abdominal visceral fat accumulation in the 

pathogenesis of hypertension in obese 

individuals. Lurbe and colleagues18 carried out 

ambulatory blood pressure measurements in 

adolescents and compared them with the body fat 

distribution. They found that a high value of 

waist to hip circumference ratio was 

independently associated with the high blood 

pressure readings. This association was 

maintained irrespective of whether the 

ambulatory blood pressure recordings were taken 

during the whole 24 hours period, during the 

night or during the day time. This further 

establishes the close association between the 

high waist to hip circumference ratios and 

hypertension. 

Recent research in the complex relationship 

of obesity and cardiovascular disease has been 

more focused on the patterns of distribution of 

body fat rather than the percentage of total body 

fat. It is believed that the nature of abdominal 

adipose tissue is different from adipose tissue 

elsewhere in the body at the cellular level. For 

these reasons waist circumference assumes 

greater significance and is a better predictor of 

health risks posed by the obesity. Thus waist 

circumference is a useful index of obesity and 

predicts risk better than BMI.19 Similar 

inferences could be drawn from a study by Lean 

et al.20 Waist circumference shows total 

abdominal fat accumulation which is not 

influenced by height.21 

Waist circumference predicted mortality 

better than other anthropometric parameters.22 

Increased WC was also associated with diabetes, 

stroke and coronary heart disease.23 

Cardiovascular disease was also associated to 

abdominal adiposity which can be estimated by 

skin fold measurement and WC.[24] WC is the 

best anthropometric parameter correlating with 

the amount of visceral adipose tissue.25 That the 

change in waist circumference leads to change in 

visceral adipose tissue disposition has been 

shown by longitudinal studies.26 WC gives 

information about general as well as abdominal 

obesity including both abdominal subcutaneous 

fat and visceral adipose tissue. It may show 

sensitivity to weight changes due to exercise, 

diet, smoking and alcohol consumption. 27 

Waist hip ratio captures body fat 

distribution. However, change in waist 

circumference was a better correlate of the 

change in visceral adipose tissue than the change 

in the waist–hip ratio.26 Waist hip ratio shows 

relative accumulation of abdominal fat, while 

WC shows absolute abdominal fat as well as 

total body weight. Two circumference measures 

are required for waist hip ratio calculation. Both 

measurements are subject to measurement errors. 

The results of this study show that the waist 

circumference is a good predictor of risk in this 

population. 

The relationship between obesity and 

hypertensive risk is confirmed by this study. This 

study also showed that waist circumference is 

better than waist hip ratio and body fat 
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percentage in predicting obesity related increased 

risk of cardiovascular disease. 

Our study also showed that the percentage 

of overweight was higher in males (36.25%) 

compared to females (26.66%) but the 

percentage of obesity was higher in females 

(10%) compared to males (6.25%). 

This study also showed that the percentage 

of pre-hypertension and hypertension was higher 

in males compared to females for both systolic 

BP (p<0.01) as well as diastolic BP (p<0.05) 

which was statistically significant on applying 

Chi square test as seen by Reckelhoff JF.8 

 

Conclusion 
 

The relationship between obesity and 

hypertensive risk was confirmed by this study. 

Waist circumference can be better predictor of 

obesity. Waist circumference was better 

correlated with blood pressure. Due to its 

simplicity and greater ability to predict the risk, 

we suggest inclusion of waist circumference 

measurement as a routine part of general 

physical examination by clinicians along with 

the height, weight and BMI.  
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