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Abstract 
The aim of this study is to determine correlations among anthropometric parameters, systolic and diastolic blood 

pressure in hypertensive subjects in Lahore, Pakistan. A total number of 510 subjects (204 males and 306 females) 

of age between 25-87y were included in the study. The subjects were divided into pre (n=139), stage 1 (n=193) and 

stage 2 of hypertension (n=178) following JNC VII criteria (2003). Following the World Health Organization 

(WHO) cutoffs for Asians, about 13.7% of our sample population was found to be overweight and 76.7% was 

obese, 54.1% had waist to hip ratio (WHR) greater than 1. It was found that females develop hypertension in earlier 

age than males. Body Mass Index (BMI) was greater in females while WHR in males. No significant difference was 

observed in BMI and WHR among the prehypertension (preHTN), stage 1 and stage 2 subjects. A significant asso-

ciation was found between systolic blood pressure (SBP) and WHR in pre-hypertensive subjects (r=0.168). A posi-

tive significant correlation of diastolic blood pressure (DBP) was found with WHR (r=0.212) and BMI (r=0.17) in 

prehypertensive stage.  In multiple regression analysis when SBP was a dependent variable, age and BMI was deter-

minant in preHTN, while only age was in stage 2. When DBP was a dependent variable, WHR was predictor in 

preHTN and age in stage 2. 
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Hypertension (HTN) is likely the most common cardio-

vascular disease on earth.1 During the last decade most 

developing countries have experienced the emerging epi-

demic of cardiovascular disease2,3 with hypertension as 

the commonest condition, especially among urban dwell-

ers.4 The World Health Organization (WHO) reports that 

the number of people with hypertension worldwide is 

estimated as 600 million, while 3 million die annually as a 

result of hypertension.5 There are well recognized ethnic 

and gender differences in the prevalence of hypertension. 

Hypertension is two times more prevalent in blacks versus 

white, higher in men versus women until after menopause 

and is typically related to many dietary factors.6 In     

Pakistan, HTN affects one out of every three persons over 

45 year of age.7 The National Health Survey of Pakistan 

reported that 21.5%of the urban population over 15 years 

(one in every three persons the over age of 45) suffers 

from hypertension and only less than 3% of the hyperten-

sive had their blood pressure (BP) controlled to the con-

ventional recommendations of under 140/90mmHg. 

 

Obesity and hypertension are two major inter-related car-

diovascular risk factors. Decrease in adiposity is one of 

the most effective preventive measures not only in de-

creasing the overall cardiovascular risk but also the BP.8 

Various measures of obesity including body mass index  

(BMI), waist circumference (WC), waist to hip ratio  

(WHR) and waist to height ratio have been employed to 

capture the obesity related cardiovascular risk. Waist-to-

Introduction 

Practice Points 
 Hypertension is likely the most common cardio-

vascular disease on earth. 

 The study was conducted on prehypertensive 

subjects in Lahore which have not been re-

ported earlier. 

 About 57% hypertensive subjects were in the 

age range 40-59 years with males preponder-

ance of 62.6%. 

 Higher BMI was observed in females as com-

pare to males. 

 Significant co-relation of SBP and DBP with 

WHR was present in prehypertensive subjects. 
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hip ratio and waist-to height ratio are also simple an-

thropometric parameters and are sometimes used as 

markers for abdominal adiposity.9 Obesity and hyper-

tension are known to increase in parallel in both devel-

oped and developing countries.10 Furthermore, obesity 

is a major independent risk factor for the development 

of hypertension, type 2 diabetes, and dyslipidemia.11 

Globalization, increasing urbanization, changes in tradi-

tional family structure, lifestyle and a more mechanized 

workplace directly affects dietary and physical activity 

patterns and ultimately increase the risk of such dis-

eases. In developing countries like Pakistan, the      
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magnitude of uncontrolled hypertension is even greater. 

The aim of the present study was to determine the corre-

lation of blood pressure with BMI and WHR in preHTN 

and hypertensive subjects visiting hospitals in Lahore, 

Pakistan. 

 

Materials and methods 
A total of 510 subjects of either sex were screened dur-

ing a cross-sectional study performed from December 

2005 to May 2007 at Amin Hayat memorial Trust for 

Diabetes and Hypertension and Punjab Institute of Car-

diology (PIC), Lahore. Their demographic data, medical 

history, family history of hypertension and duration of 

the disease were recorded through a comprehensively 

designed questionnaire. The study was approved by the 

ethical committee of hospital. 

 

Waist was measured horizontally at the level just above 

the uppermost border of the iliac crest. The measure-

ment was made at a normal minimal respiration.12 Hip 

was measured as the maximum circumference over the 

buttocks.13 Central obesity was calculated by dividing 

the waist measurement over the hip measurement and 

defined as waist to hip ratio (WHR). Height was taken 

using standard apparatus with the subjects wearing light 

clothing and without shoes. Weight was measured in the 

upright position with a weighting scale to the nearest 

0.01 kilogram (kg). Height was measured to the nearest 

0.1 cm by using a non-stretching tape. Obesity index or 

BMI was calculated as weight (kg) divided by height 

squared (m2) to estimate overall body fat distribution.14 

 

Blood pressure was measured, using the standard mer-

cury sphygmomanometer, on the right arm with the sub-

ject in the upright sitting position, following at least 5 

minute rest. The screened subjects were categorized into 

the groups using the criteria of JNC VII15: prehyperten-

sive if systolic blood pressure (SBP) was 120-139 

mmHg and diastolic blood pressure (DBP) was 80-89 

mmHg, stage 1 of hypertension if SBP was 140-159 

mmHg and DBP was 90-99 mmHg, and stage 2 of hy-

pertension if SBP was >160 mmHg and DBP was > 100 

mmHg. Overweight and obesity was defined according 

to Asian criteria9 and BMI greater than 23 was consid-

ered as overweight and BMI greater than 25 was consid-

ered obese. Participants who reported smoking at least 3 

cigarettes per day during the previous year were classi-

fied as current smokers. Physical activity was defined as 

sedentary, no extra physical activity apart from activi-

ties of daily living, or physically active, if they do brisk 

walking at least half an hour for three days in a week.  

 

Statistical Analysis 

Statistical analysis was performed using the SPSS 

(version 13.0) software. All results are expressed as 

Mean ±SEM. Spearman correlation was used to find the 

correlation and analysis of variance (ANOVA) was ap-

plied to find the significance between the studied 

groups. Stepwise multiple regressions were employed to 

study the joint effect of variables on the systolic and 

diastolic blood pressure.  

 

Result 
A total of 510 subjects males 206 (40.4%), females 304 

(59.6%) of age between (25-87y) with hypertension 

were included in this study. The subjects were classified 

into preHTN (n=139), stage 1 (n=193) and stage 2 

(n=178) on the basis of BP status. The distribution pat-

tern of the population in various categories of risk fac-

tors is given in Table 1.The highest proportion of the 

HTN at 56.5% (n=288) was found in the age range of 

40-59 years. Prevalence of central obesity was more in 

males as compared to females (65.04% vs 46.7%). Us-

ing the cut-off values of BMI, 76.7% (n=391) of the 

subjects were obese. Females (82.2%) were more obese 

than males (68.4%). The distribution of preHTN, stage1 

and stage 2 subjects according to the risk factors were 

also presented in Table 1.  

 

23 

Variables All Male Female PreHTN Stage 1 Stage 2 

n 510  (% ) 206 (%) 304 (%) 139 (%) 193 (%) 178 (%) 

Age  (years)       

<40 114  (22.4 ) 23  (11.2 ) 91  (29.9 ) 29  (20.9) 21  (10.9) 33  (18.5) 

40-59 288  (56.5 ) 129  (62.6 ) 159  (52.3) 103  (74.1) 129  (66.8) 87  (48.9) 

> 60 108  (21.3 ) 54  (26.2 ) 54  (17.8) 07  (5.0) 43  (22.3) 58  (32.6) 

WHR 

<1 234  (45.9) 72  (34.9 ) 162  (53.3 ) 69  (49.6 ) 85  (44.0 ) 81  (45.5) 

> 1 276  (54.1 ) 134  (65.0 ) 142  (46.7) 70  (50.4 ) 108  (55.9 ) 97  (54.5) 

BMI  (kg/m2 ] 

Normal weight 49  (9.6) 29  (14.0) 20  (6.5) 11  (7.9) 21  (10.9) 23  (12.9) 

Over weight 70  (13.7) 36  (17.5) 34  (11.2) 14  (10.0) 11  (5.7 ) 24  (13.5 ) 

Obese 291  (76.7) 141  (68.4) 250  (82.2) 114  (82.0) 161  (83.4 ) 131  (73.6) 

Habits 

Smokers 131  (25.7) 123  (59.7) 8  (2.6) 36 (25.8) 52 (26.9 ) 43 (24.1) 

Physical active 153  (30) 60  (29.1) 93  (30.6) 41 (29.5) 55 (28.5 ) 57 (32.0) 

Family history of HTN 302  (59.2) 115  (55) 187  (61.5) 75 (53.9) 121 (62.6 ) 106 (59.5 ) 

Table 1: Demographic characteristics of study population  
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The mean values of age, WHR, BMI, SBP and DBP are 

presented in Table 2. Non-significant difference was 

observed among the different HTN categories in WHR 

and BMI while significant differences were observed in 

age, SBP and DBP. When the data was analyzed on the 

basis of gender, significant difference was observed in 

age, WHR, BMI and SBP. 

Correlation analysis revealed that SBP had a significant 

positive correlation with age in preHTN (r=0.239) and 

in stage 2 (r=0.193) while no association was observed 

in stage 1 (r= -0.061). A significant correlation of SBP 

and WHR was found in preHTN (r=0.168), while non-

significant in other groups i.e., stage 1 (r=-0.024) and 

stage 2 (r=-0.072) (Figure 1). 

 

A significant correlation was observed between DBP 

and age in preHTN (r=0.176) and stage 2 (r=0.159). A 

significant positive correlation between DBP and WHR 

was found in prehypertensive group (r=0.212) (Figure 

2) while no association was seen in stage 1 (r=0.060) 

and stage 2 (r =-0.029).  

 

A positive significant correlation was observed between 

DBP and BMI in prehypertensive group (r=0.17), while 

non-significant association was found in stage 1 (r= 

0.057) and stage 2 (r=0.100) (Figure 3). 
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Table 2: Study population in relation to gender and 

HTN categories  

Figure 1: Significant relationship between SBP (mmHg) and 

WHR in PreHTN subjects  

Figure 2: Significant relationship between DBP (mmHg) and 

WHR in PreHTN subjects  
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A significant correlation was observed in WHR with 

age in all three categories i.e. prehypertensive (r = -

0.279) stage 1 (r=0.192) and stage 2 (r=0.324). BMI 

had shown an inverse significant correlation with age 

in stage 1 subjects (r= -0.257), which indicates that 

with the increase of age the BMI decreases (Figure 4). 

The same pattern was observed in preHTN (r= -0.162) 

and stage 2 (r= -0.111) but not significant.  

 

When stepwise multiple regression was employed     

considering SBP as a dependent variable, in preHTN, 

2 models were computed showing age and WHR as 

important determinants. Age is the only determinant in 

stage 2 while no determinant was found in stage 1. In 

another stepwise multiple regressions analysis consider-

ing DBP as a dependent variable and age WHR and 

BMI was independent variable. WHR was the determi-

nant in preHTN and in stage 2 age was determinant 

while no model was computed in stage 1 (Table 3). 

 

Discussion 
Despite the worldwide attention paid to the importance 

of hypertension and its associated complications, the 

disease is not adequately controlled.16 Thus it is        

25 

Figure 4: Significant inverse relationship between age 

(years) and BMI (Kg/m2) in Stage 1 hypertensive subjects  
Figure 3: Study population in relation to gender and                         

HTN categories  

Model Unstandardized  coefficients Standadized 

coefficient 

T p-value 

B Std.Error Beta 

Systolic blood pressure           

PreHTN group           

1     [Constant ] 127.383 2.084   61.121 0.00 

      Age 0/124 0.046 0.226 2.713 0.00 

2     [Constant ] 122.156 3.262   37.453 0.00 

      Age 0.139 0.046 0.253 3.037 0.003 

      WHR 0.157 0.076 0.172 2.067 0.041 

Stage 1           

  No model was  computed       

Stage 2           

1     [Constant ] 162.691 4.287   37.952 0.00 

    Age 0.199 0.081 0.182 2.449 0.015 

Diastolic blood pressure           

PreHTN group           

1     [Constant ] 76.634 3.157   24.277 0.000 

      WHR 9.306 3.202 0.241 2.907 0.004 

Stage 1           

  No model was computed       

Stage 2           

1     [Constant ] 108.129 2.513   61.121 0.000 

      Age 0.124 0.046 -0.177 -2.382 0.018 

Table 3: Multiple regression analysis with SBP and DBP in PreHTN, Stage 1 and Stage 2 subjects  
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imperative to study the hypertension in diverse popula-

tions with varied lifestyle. 

 

In the present study a total of 510 hypertensive subjects 

were recruited from the hospitals. It was observed that 

among the selected group 70% subjects were unaware 

of their hypertensive status. Hypertension generally, is 

usually asymptomatic and only detected during routine 

physical examination as evident in our study.  This is 

important because it verifies a usual understanding in 

Pakistan that the reason for complications related to this 

disorder are due to late diagnosis of the problem and 

hence enhancement of disease symptoms due to no 

proper treatment or life style modifications. It was also 

reported in a study17 in USA that out of 50 million adult 

hypertensive individuals 30% are unaware of their high 

BP. 

 

Demographic data of the study population revealed that 

in all the categories of HTN, female subjects were 

younger in age as compared to males; thus females are 

affected by the disease comparatively at an earlier age 

than males. Sedentary lifestyle and significantly higher 

BMI and SBP in females as compared to males predis-

posed them to hypertension at an early stage and most 

of the females use contraceptive pills which was also 

another reason to develop hypertension in early age. In 

our study a greater proportion of females below 40 

years of age were hypertensive as compared to males. 

This is in contrast with other studies which reported that 

males develop hypertension earlier than females.18 

 

Majority of the study subjects were in age ranged be-

tween 40 to 59 years, with males accounting for 62.6% 

in this category. Age is strongly associated with hyper-

tension as shown in several studies, where it has been 

reported that the prevalence of HT increased with age.19, 

20 

According to the WHO Consultation on Obesity, the 

incidence of obesity has been increasing rapidly since 

1990.21 The prevalence of obesity is increasing in many 

developed countries22 and in many developing coun-

tries.23,24 Overweight or obesity has been associated 

with high blood pressure.11 In the present study, 76.7% 

of the hypertensive subjects had been assessed obese 

which clearly strengthen the evidence that obesity is an 

established risk factor for hypertension. Physical inac-

tivity is known contributing factor to the problem of 

obesity and hypertension and this sedentary lifestyle 

was seen in 70% of our studied population. 

 

It has been observed in the study that in hypertensive 

subjects, WHR and BMI were same in different hyper-

tensive categories expounding that central obesity and 

BMI are important contributors towards the develop-

ment of HTN.  

 

It was found that female subjects have higher BMI and 

male subjects have higher WHR which shows that fe-

males have more generalized while males have more 

abdominal obesity. Similar results were reported in an-

other study25,26, where BMI is greater in females as com-

pared to males. The gender variation may be because 

the pattern of fat distribution differs between men and 

women, with visceral fat being predominant in men and 

subcutaneous fat predominant in females.27 

 

There is a general agreement that BP rises with advanc-

ing age, but the magnitude of this rise is uncertain be-

cause hypertension is a common disease and its inci-

dences increases with rising age.28 In our study, signifi-

cant positive association was found between SBP and 

DBP with age in preHTN and stage 2 groups but a weak 

association was observed in stage 1. BMI had shown an 

inverse relation with age because in old age the weight 

decreases due to which BMI also decreases.  

 

Multiple regression analysis further elaborated that age 

was determinant of systolic and diastolic blood pressure 

in stage 2 of hypertension. However, in another study 

no significant association was found between hyperten-

sion and age.29 

 

In preHTN subjects SBP is found to be significantly 

associated with WHR, reflecting that WHR causes the 

rise in SBP only in prehypertensive subjects. DBP also 

showed the positive association with WHR and BMI. It 

had been reported earlier that mean WHR had a signifi-

cant correlation with both systolic and diastolic blood 

pressure in all the groups of hypertension.30A study on 

workers of Vitana factory reported a significant associa-

tion of SBP with BMI.31 Causal association between 

BMI increase and BP increase was also reported in 

2000.32 

 

Conclusion 
It has been concluded from our study that prehyperten-

sion stage is prevalent in young population. Age and 

WHR are important predictors of systolic and diastolic 

blood pressure. Furthermore, the abdominal obesity is 

more common (65%) in men than women (47%). Hy-

pertension is major health problem and obesity has been 

seen as a prime risk factor for this.  
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