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INTRODUCTION 

Recent studies have documented an increase in the risk of 

cardiovascular diseases (CVD) and a high rate of 

progression to hypertension in persons with systolic 

blood pressures (SPB) between 120 to 139 mm Hg and/or 

diastolic blood pressures (DBP) between 80 and 89 mm 

Hg.
1,2 

Liszka HA et al reported pre-hypertension is 

associated with increased risk of major cardiovascular 

events, independent of other cardiovascular risk factors.
3
 

Laura P et al reported nearly one fifth of the pre 

hypertensive will progress to clinical hypertension over a 

period of 4 years with higher incidence of progression to 

hypertension in individuals with higher levels of pre-

hypertension.
4  

Hypertension appears to cluster with other 

risk factors like obesity, glucose intolerance, 

dyslipaedimia etc.
5,6 

Pre-hypertension also has been 

associated with higher cardiovascular risk. In addition, 

the longitudinal data obtained from the Framingham heart 

study have indicated that  pre hypertensive  were  

associated  with more than twofold increase in relative 

risk from CVD as compared with those with normal 
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BP.
7,8

 Much study has not been done on cardiovascular 

risk factors associated with blood pressure (BP) among 

college young adults in Indian population. However, 

there were only few studies done on adult population on 

the prevalence and risk factors for pre hypertension in 

Indians adults above the age of 20 years.
9,10

 

Demonstration of such risk factors of CVD among pre 

hypertensive is important for formulating risk reduction 

strategies particularly in individuals with stage I 

hypertension or pre hypertension which are widely 

prevalent than severe stages of hypertension. The 

objective of our study was to estimate the prevalence of 

pre-hypertension among undergraduate male students and 

to assess the association between pre hypertension and 

some known risk factors for CVD, specifically pre 

diabetes, overweight or obesity, waist circumference, 

physical activity, smoking, vegetables and fruit intake. 

METHODS 

A cross-sectional study was conducted among male 

medical and engineering undergraduate students of a 

university situated in the suburban area of Chennai. A 

total of 403 students was studied which included 200 

medical and 203 engineering students. Recent studies 

done on the prevalence of pre hypertension in India and 

other countries showed a prevalence of 46.1% to 58.7% 

among undergraduate students.
11-13 

Based on these studies 

the prevalence of pre hypertension was taken as 50% to 

calculate sample size at 5% significant level and 10% 

allowable error. The sample size was worked out using 

the formula n= 4pq/L
2
 which came to 400.  

Undergraduate students both medical and engineering 

from first year of academic study to 4th year were invited 

to take part. There were 22, 109, 43 and 29 students from 

engineering and 50, 84, 14 and 52 medical streams who 

volunteered and gave informed consent.  

The information on selected socio-demographic 

variables, tobacco and alcohol use, dietary intake, 

physical activity and treatment history for diabetes and 

hypertension were collected with the help of pre tested 

structured questionnaire. The physical examination of all 

the participants included measurements of height, weight, 

blood pressure; resting pulse rate and postprandial blood 

glucose was carried out. The height was measured using a 

portable stadiometer. The participants were asked to 

stand in erect posture without foot wear with their feet 

together and to look straight. The stadiometer’s 

measuring tip was lowered to the head and height was 

measured. 

The weights of the participants were measured by using a 

portable electronic weighing machine. The participants 

were asked to stand still on the platform of the weighing 

machine. The cloth they were wearing was allowed to be 

worn but without the foot wear. The body mass index 

was measured using the formula weight (kg)/height (m)
2
. 

overweight was defined as a BMI greater than or equal to 

25 kg/m
2
, while obesity is defined as BMI greater than or 

equal 30 kg/m
2
.
14 

Increased (high-risk) waist 

circumference is defined as recommended by Lean et al,
15 

as greater than 94 cm in men. Increased waist to hip ratio 

was defined as greater than or equal to 0.95 for males. 

Postprandial blood sugar was measured using glucometer 

(accutrend plus). It was ensured before taking capillary 

blood sample that the students had not taken any food 

two hour before testing. A person with a postprandial 

blood glucose concentration between 140-199 mg/dl was 

considered as pre diabetic, over 11.0 mmol/l (200 mg/dl) 

or if he or she was taking insulin or oral hypoglycemic 

drugs said to have diabetes. 

Blood pressure was recorded in the sitting position in the 

left arm to the nearest 1 mmHg using an electronic 

Omron machine (Omron Corporation, Tokyo, Japan). 

Two readings were taken, one before start of interview 

and other at the end of the interview and the mean of the 

2 readings was used for analysis. Pre hypertension was 

defined according to JNC 7 criteria as having either a 

systolic blood pressure of 120 to139 mmhg and/or 

diastolic blood pressure of 80 to 89 mm Hg in persons 

who were not on treatment for hypertension. 

Hypertension was defined according to JNC 7 criteria as 

having an untreated systolic blood pressure (BP) of 

greater than or equal to 140 mm Hg or diastolic BP 

greater than or equal to 90 mm Hg or being on 

medication for hypertension. Normal blood pressure was 

defined as having both a systolic BP of <120 mm Hg and 

a diastolic BP of <80 mm Hg in the absence of 

antihypertensive medication
9 

or was already on treatment 

for hypertension.  All current smokers and those who quit 

smoking less than 1 year before the assessment were 

considered smokers for assessing cardiovascular risk. The 

same way all current alcoholics and those who quit 

alcohol less than 1 year before the assessment were 

considered alcoholics. 

Study was carried out after obtaining institutional ethics 

committee approval. Data was analyzed using the 

standard statistical software packages. Descriptive data 

were presented as percentages and unadjusted odds ratios 

(OR) to measure the strength of association and 95% 

confidence intervals (CI) were calculated. Chi-square test 

was used to lend statistical support to prove associations 

between categorical variables. 

RESULTS 

This cross sectional study was conducted among 403 

students consisting of 203 engineering students and 200 

medical students in a university in a suburban area of 

Chennai. The mean age of the participants was                 

19.56±1.67 years. The mean height and weight of the 

aprtic0ants were 176.55±80.94 cm and 70.71±13.49 kg 

respectively. The mean systolic and diastolic blood 

pressure was 125.80±10.03 mm of Hg and 78.96 ±11.75 

mm of Hg. The mean blood sugar level was 95.62±16.09 

mg/dl. The average intake of fruits and vegetable per 
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week were 4.34±3.47 days and 6.55±4.39 days 

respectively.  

Table 1 depicts the prevalence of CVD risk factors 

among male undergraduate students. 26.1% were above 

the age of 20 years. Fruit and vegetable intake for less 

than 3 days a week was 47.6% and 24.3% respectively. 

Vegetarians were 15.4%.  Use of smoke and smokeless 

tobacco were 27.3% and 3% respectively. About 30.3% 

of the university students consume alcohol. Nearly 54.1% 

of the students take regular exercise. In the 

anthropometric measurement 29% were overweight 

and5.7% were obese, 24.8% were with waist 

circumference above 90 centimeters. About 4.2% had 

postprandial blood sugar more than 140 mg/dl.  The 

prevalence of pre-hypertension and hypertension was 

49.6% and 19.1% among male undergraduate students. 

Higher number of male engineering students were 

consuming fruits less than 3 days a week, smokers, 

consume alcohol, postprandial blood sugar of more than 

140 mg/dl and hypertensive. Statistically significant 

differences were found for smokers (p<0.001), alcohol 

intake (p<0.001) and postprandial blood sugar of more 

than 140 mg/dl (p=0.02). Higher number of male medical 

students consumes vegetables for less than 3 days a 

week; take mixed diet, overweight, waist circumference 

more than 90 cm and pre hypertensive. Statistically 

significant difference were found for waist circumference 

more than 90 cm (p<0.001). 

Table 2 depicts, overall prevalence of normotensive, pre-

hypertension and hypertension among male students was 

126/403 (31.3%), 200/403 (49.6%) and 77/403 (19.1%) 

respectively. The prevalence of pre-hypertension was 

higher in medical students (51.5%) compared to 

engineering students (47.8%) and it was not statistically 

significant.  The prevalence of pre hypertension was 

higher in above the age of 20 years (29.5%), vegetable 

intake less than 3 days a week (26.5%), smokers (29.5%), 

alcoholics (31%) those did not practice regular exercise 

(47%) and postprandial blood sugar more than 140 mg/dl 

(3%).those did not practice regular exercise (47%) and 

postprandial blood sugar more than 140mg/dl (3%). 

Significant association was found for alcohol intake 

(p=0.03), increased BMI (p<0.001) and increased waist 

circumference (p=0.003). 

 

Table 1: Distribution of risk factors of CVD among male engineering and medical students. 

Risk Factor 
Engineering 

(N=203) 

Medical 

(N=200) 

Total 

(N=403) 
χ

2
 

P 

Value 

Age <20 Years 165 (81.3) 133 (66.5) 298 (73.9)  

11.4 

 

0.001 Age >20years 38 (18.7) 67 (33.5) 105 (26.1) 

Fruit intake <3 days/week 106 (52.2) 86 (43.0) 192 (47.6)  

3.43 

 

0.064 Fruit intake/  >3 Days/week 97 (47.8) 114 (57.0) 211 (52.4) 

Vegetable intake <3 days/week 45 (22.2) 53 (26.5) 98 (24.3)  

1.03 

 

0.311 Vegetable intake >3 days/week 158 (77.8) 147 (73.5) 305 (75.7) 

Diet-vegetarian 40 (19.7) 22 (11.0) 62 (15.4)  

5.86 

 

0.015 Diet - mixed 163 (80.3) 178 (89.0) 341 (84.6) 

Smokers 74 (36.5) 36 (18.0) 110 (27.3)  

17.3 

 

<0.001 Non smokers 129 (63.5) 164 (82.0) 293 (72.7) 

Use smokeless tobacco 8 (3.9) 4 (2.0) 12 (3.0)  

1.31 

 

0.252 Did not use smokeless tobacco 195 (96.1) 196 (98.0) 391 (97.0) 

H/O alcohol intake 78 (38.4) 44 (22.0) 122 (30.3)  

12.9 

 

0.000 No H/O of alcohol intake 125 (61.6) 156 (78.0) 281 (69.7) 

H/O regular exercise 110 (54.2) 108 (54.0) 218 (54.1)  

0.142 

 

0.970 No H/O regular exercise 93 (45.8) 92 (46.0) 185 (45.9) 

BMI<25 kg/m
2
 140 (68.9) 123 (61.5) 263 (65.3)  

 

3.63 

 

 

0.163 

BMI- 25-29.99 kg/m
2
 55 (27.2) 62 (31.0) 117 (29.0) 

BMI >30 kg/m
2
 8 (3.9) 15 (7.5) 23 (5.7) 

Waist circumference <90cm 173 (85.2) 130 (65.0) 303 (75.2)  

22.1 

 

0.000 Waist circumference >90cm 30 (14.8) 70 (35.0) 100 (24.8) 

Blood sugar <140/m/dl 190 (93.6) 196 (98.0) 386 (95.8)  

4.84 
0.027 

Blood sugar >140 mg/dl 13 (6.4) 4 (2.0) 17 (4.2) 

Normal BP 59 (29.1) 67 (33.5) 126 (31.3) 
 

4.42 
0.11 Pre Hypertension 97 (47.8) 103 (51.5) 200 (49.6) 

Hypertension 47 (23.1) 30 (15.0) 77 (19.1) 

 



Logaraj M et al. Int J Community Med Public Health. 2016 Feb;3(2):542-550 

 

                                        International Journal of Community Medicine and Public Health | February 2016 | Vol 3 | Issue 2    Page 545 

Table 2: Prevalence of risk factors of pre-hypertension among undergraduate students. 

Risk Factors 
Normal BP 

  (N=126) 

Pre HTN 

(N= 200) 

HTN 

(N=77) 
χ

2
  P value 

Age  >20 Years 24 (19.1) 59 (29.5) 22 (28.6) 4.70 0.09 

Engineering students  59 (46.8) 97 (48.5) 47 (61.0) 
4.42 0.110 

Medical students  67 (53.2) 103 (51.5) 30 (39.0) 

Diet- Mixed 108 (85.7) 167 (83.5) 66 (85.7) 0.379 0.827 

Fruit intake <3 days/ week 60 (47.6) 89 (44.5) 42 (54.5) 2.25 0.324 

Vegetable intake <3 days/ week 29 (23.0) 53 (26.5) 16 (20.8) 1.16 0.561 

Smokers 26 (20.6) 59 (29.5) 25 (32.5) 4.34 0.114 

Use smokeless tobacco 4 (3.2) 3 (1.5) 5 (6.5) 4.82 0.090 

H/O alcohol intake 29 (23.0) 62 (31.0) 31 (40.3) 6.83 0.033 

No H/O regular exercise 53 (42.1) 94 (47.0) 38 (49.4) 1.21 0.545 

BMI >25 kg/m
2
 29 (23.1) 72 (36.0) 39 (51.6) 16.4 0.000 

Waist circumference >90 cm 18 (14.3) 56 (28.0) 26 (33.8) 11.9 0.003 

Blood sugar >140 mg/dl 1 (0.8) 6 (3.0) 3 (3.9) 2.34 0.310 

Table 3: Prevalence of risk factors for cardiovascular diseases in pre -hypertensive and hypertensive’s among 

engineering and medical students. 

Risk 
Factors 

Engineering students (N=203) Medical students (N=200) 

 
Normal BP 
(%) 
95% CI 

Pre-HTN 
% 
95% CI 

HTN 
% 
95% CI 

χ2 
P 
value 

Normal 
BP 
% 
95% CI 

Pre-HTN % 
95% CI 

HTN  % 
95% CI 

χ2 
P 
value 

Age >20 
yrs. 

12.1 
7.61-16.59 

22.8 
17.03-28.57 

20.0 
14.5-25.5 

2.96 0.228 
25.4 
19.37-31.43 

35.9 
29.25-42.55 

43.3 
36.43-50.17 

3.56 0.169 

Diet-
Mixed 

83.3 
78.17-88.43 

76.1 
70.23-81.97 

84.4 
79.41-89.39 

1.90 0.386 
85.1 
80.16-90.04 

91.3 
87.39-95.21 

90.0 
85.84-94.16 

1.62 0.444 

Fruit 
intake <3 
days/ 
week 

51.5 
44.62-58.38 

53.2 
46.34-60.06 

55.5 
48.66-62.34 

0.176 0.916 
46.3 
39.39-53.21 

46.6 
39.69-53.51 

56.7 
49.83-63.57 

1.06 0.587 

Vegetable 
intake <3 
days/ 
week 

18.2 
12.89-23.51 

23.9 
18.03-29.77 

24.4 
18.9-30.31 

0.905 0.636 
29.9 
23.56-36.24 

28.2 
21.96-34.44 

33.3 
26.77-39.16 

3.20 0.202 

Smokers  
34.8 
28.25-41.35 

26.1 
20.06-32.14 

37.7 
31.03-44.37 

2.41 0.299 
8.9 
4.95-12.85 

22.3 
16.53-28.07 

23.3 
17.44-29.16 

5.60 0.061 

H/0 of 
use of 
smokeless 
tobacco 

1.5 
-0.17-3.17 

3.3 
0.84-5.76 

8.9 
4.98-12.82 

4.05 0.132 
4.5 
1.63-7.37 

0.0 
 

3.3 
0.82-5.78 

4.47 0.107 

H/O 
alcohol 
intake 

34.8 
28.25-41.35 

39.1 
32.39-45.51 

40.0 
33.26-46.74 

0.404 0.817 
10.4 
6.17-14.63 

24.3 
18.36-30.24 

40.0 
33.21-46.79 

11.2 0.004 

No H/O 
regular 
exercise 

37.9 
31.23-44.57 

69.6 
63.27-75.93 

55.6 
48.77-62.43 

15.7 0.000 
52.2 
45.28-59.12 

53.4 
46.49-60.31 

60.0 
53.21-66.79 

0.53
3 

0.766 

BMI >25 
kg/m2 

21.2 
15.58-26.82 

32.6 
26.15-39.05 

42.2 
39.41-48.99 

5.71 0.057 
22.4 
16.62-28.18 

40.8 
33.99-47.61 

66.7 
60.17-73.23 

8.96 0.011 

Waist 
circumfer
ence >90 
cm 

13.6 
8.88- 18.32 

10.9 
6.61-15.19 

24.4 
18.49-30.31 

4.52 0.104 
16.4 
11.27-21.53 

42.7 
35.84-49.56 

50.0 
43.07-56.93 

15.8 0.000 

Blood 
sugar 
>140 
mg/dl 

 12.1 
7.61-16.59 

2.2 
0.18-4.22 

6.6 
3.18-10.02 

6.35 0.042 
0.0 
 

3.9 
1.22-6.58 

0.0 
 

3.84 0.146 
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Table 4: Association between cardiovascular risk factors and pre hypertensive. 

Risk Factors  Normal  
Pre – 

HTN   
OR , 95%CI  

χ
2
 

P value  
HTN  

OR   

95% CI  

χ
2  

P 

value  

Age <20 years 108 137 1 
27.15 

<0.0001 

53 1 
3.04 

0.08 Age >20 years 25 58 
4.32 

2.449-7.617 
22 

1.793 

0.926-3.471 

Diet-vegetarian 21 31 1 

01 

10 1 
0.23 

0.631 Diet-mixed 112 164 
0.991 

0.542-1.814 

 

65 

1.218 

0.540-2.747 

Fruit intake >3 days / 

week 
68 98 1 

0.02 

0.887 

33  1 
0.98 

0.322 Fruit intake <3 days/ 

week 
65 97 

1.035 

0.666-1.609 
42 

1.331 

0.753-2.351 

Vegetable intake >3 

days/week 
101 144 1 

0.18 

0.671 

60 1 
0.45 

0.502 Vegetable intake <3 

days/ week 
32 51 

1.117 

0.671-1.861 
15 

0.789 

0.395-1.575 

Non smokers 104 148  1 
0.23 

0.631 

51 1 
2.63 

0.104 Smokers 29 47 
1.138 

0.672-1.927 
24 

1.687 

0.893-3.188 

No H/0 of use of 

smokeless tobacco 
129 192  1 

0.265 

0.606 

70 1 
0.793 

0.373 H/0 of use of 

smokeless tobacco 
04 03 

0.503 

0.110-2.289 
05 

2.303 

0.599-8.855 

No H/O of alcohol 

intake 
103  134  1 

3 

0.083 

45  1 
7.11 

0.007 
H/O alcohol intake 30 61 

1.562 

0.941-2.594 
30 

2.288 

1.236-4.235 

H/O regular exercise 73  76  1 
8.08 

0.004 

32  1 
2.87 

0.090 
No H/O regular 

exercise 
60  119 

1.905 

1.218-2.977 
43  

1.634 

0.923-2.893 

BMI <18.5 kg/m
2
 31  13 

0.336 

0.160-0.707 
8.64 

0.003 

1 
0.077 

0.01-0.605 
7.64 

0.005 
BMI 18.5-22.9 kg/m

2
 53  66  1 22   

BMI 23-24.9 kg/m
2
 20  44  

1.766 

0.931-3.351 

3.06 

0.080 
13  

1.565 

0.664-3.689 

1.06 

0.303 

BMI >25 kg/m
2
 29  72  

1.993 

1.135-3.499 

5.585 

0.015 
39  

3.239 

1.622-6.468 

11.45 

0.000 

Waist <90 cm 26  54  1 
2.84 

0.091 

26  1 
5.85 

0.015 Waist  >90cm 107  141  
0.634 

0.373-1.079 
49  

0.457 

0.241-0.868 

Blood Sugar  <140 

mg/dl 
125  189  1 

1.67 

0.196 
72  1 

0.091 

0.763 

 

Table 3 depicts the prevalence of CVD risk factors 

among normal, pre hypertensive and hypertensive of 

engineering and medical students. Among engineering 

students higher prevalence of CVD risk factors were seen 

in  pre hypertensive compared to normotensive  in above 

the age of 20 years, fruits and vegetable intake of  less 

than 3 days a week, use of smokeless tobacco, H/O 

alcohol intake,  lack of regular exercise and BMI of more 

than 25. But it was statistically significant for lack of 

exercise (p<0.001) and BMI of more than 25 (p= 0.05). 

In case of medical students, higher prevalence of CVD 

risk factors were seen among pre hypertensive compared 

to normotensive above the age 20 years,  consuming 

mixed diet, fruits intake of  less than 3 days a week, H/O 

alcohol intake,  lack of regular exercise and BMI of more 

than 25 and waist circumference more than 90 cm.  But it 

was statistically significant for alcohol intake (p=0.004), 

BMI of more than 25 (p=0.011) and waist circumference 

(p<0.001). In both the medical and engineering  students 

higher prevalence of CVD risk factors were seen 

compared to normotensive for all risk factors except for 
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consumption of smokeless  tobacco and blood sugar level 

of more than 140 mg/dl. 

Table 4 shows the association between risk factors of 

CVD and pre hypertensive and hypertensive.  Higher risk 

of being pre hypertensive and hypertensive were noted 

above the age of 20 years (OR= 4.32and 1.79), fruit 

intake less than 3 days a week (OR= 1.03 and 1.33), 

smokers (OR= 1.13 and 1.68), alcohol intake (OR= 1.56 

and 2.28), lack of physical exercise (OR=1.90 and 1.63), 

BMI of more than 25 (OR= 1.99 and 3.23). 

But statistically significant difference was noted between 

pre hypertensive and normotensive for age (p<0.0001), 

lack of physical exercise (p=0.004) and BMI (p=0.015). 

Statistically significant difference was noted between 

normotensive and hypertensive for alcohol intake 

(p=0.007) and BMI (p<0.001). 

DISCUSSION 

This cross sectional study among 403 male undergraduate 

students showed about half of the students had pre 

hypertension and one fifth of the students had 

hypertension. Similar findings were observed by Hana T. 

Al-Majed et al among male college students in Kuwait,
16 

Balami Ad et al among Public University Students in 

Malaysia,
11 

and Shobha S Shetty et al among medical 

students in coastal Karnataka
12

 and Azza Mohamed Sarry 

El-Din et al.
13 

In contrast Pengpid S et al had reported 

among students of the University of the Philippines-

Visayas prevalence of pre hypertensive and hypertensive 

were 36.1% and 6.6% respectively among male 

students.
17 

Meta-analysis of Twenty-six articles, 20 cross-

sectional and 6 longitudinal studies by Xiaofan Guo et al   

showed the pooled prevalence of pre hypertension among 

males was 40 percent.
18 

The prevalence of cardiovascular 

risk factors was higher in pre hypertensive males for 

above the age of 20 years, vegetable intake less than 3 

days a week, smokers, alcoholics, those who did not do 

regular exercise and postprandial blood sugar more than 

140 mg/dl. Similar findings was reported by Itamar 

Grotto et al reported the prevalence of cardiovascular risk 

factors was significantly higher in the prehypertension 

group than in the normotensive group for glucose level of 

more than 125 mg/dl, BMI of >25 kg/m
2
, smokers and 

sedentary life style19. It was observed by other authors 

Greenlund KJ et al,
6
 and Vasan RS et al that persons with 

pre-hypertension had a higher prevalence of risk factors 

for CVD morbidity than those with a normal BP; 

including dyslipidemia, overweight and obesity, and 

diabetes mellitus.
2
  

Age and pre-hypertension 

The prevalence of cardiovascular risk factors was higher 

in pre-hypertensive males for above the age of 20 years. 

They were at higher risk of being pre hypertensive and 

the association between age and pre-hypertension was 

statistically significant. Similar findings of pre 

hypertension showing increasing trend with the increase 

in age was observed by S Srinivas et al among adult 

population of rural Andhra Pradesh.
20 

I.V. Fomin et al 

Age-specific prevalence of pre hypertension is increasing 

in the period from 10 to 60 years, preserving male 

priority.
21

 

Course of study and pre hypertension  

In our study nearly half of the medical students had pre 

hypertension compared to engineering students which 

was slightly higher than engineering students but it was 

not statistically significant. Similar finding was reported 

by Monika Kuber Kotpalliwar et al among medical 

college students with 52% prevalence of pre 

hypertension
22

 and Shobha S Shetty et al with 55.4% 

prevalence of pre hypertension among medical college 

students of coastal Karnataka.
12 

In contrast, P Das 1et al 

reported 21% prevalence of pre hypertension among 

under graduate students in West Bengal.
23

 

Diet and pre hypertension  

In our study no difference was noted in the prevalence of 

mixed diet (non-vegetarian) among pre hypertensive, 

hypertensive and normotensive.  Positive association was 

seen for non-vegetarian diet and hypertension and not for 

pre hypertension and it was not statistically significant.  

Das, et al
23

 reported higher prevalence of HTN (13.5%) 

among non-vegetarian students compared with those who 

reported consumption of vegetarian food (8.7%). 

Fruit and vegetable intake  

In our study, higher prevalence of vegetable consumption 

less than 3 days a week was noted among pre 

hypertensive and not for less fruits consumption. Higher 

risk of being pre hypertensive was noted for both less 

fruit and vegetable consumption but it was not 

statistically significant. It has been stated that adherence 

to diet high in fruit and vegetables and low fat dairy 

products can reduce BP by 8-14 mmHg.
24

 

Smoking and pre hypertension  

In our study, among smokers 36.5% were normotensive, 

18% were hypertensive and 27.3% were hypertensive. In 

contrast Hana T. Al-Majed et al reported among lower 

prevalence of pre-hypertensive (17.4%), and hypertensive 

(17.9%), among smokers.
16 

Das et al
23

 reported higher 

prevalence of hypertension among smokers (58.6%) than 

nonsmokers (5.3%). Our study odds ratio of 1.13 and 

1.687 was noted pre hypertension and hypertension 

among smokers. The association was not statistically 

significant. Similar findings were observed with no 

significant association between smoking and blood 

pressure was not significant by Merlo J et al,
25 

John 

Meyer C et al
26 

and  KarmiZarchi A A et al.
27 

Xiaofan 

Guo et al   showed the pooled odds ratio was 1.13 for 

smoking among pre hypertensive.
18 

Balami A.D et al 
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reported among Public University Students in Malaysia 

Ever smoker was significantly associated with pre-

hypertension in bivariate but not multivariate analysis 28. 

Rajesh Venkataraman et al had reported among rural 

population of South India with increase in smoking there 

was increase in the incidence of pre-hypertension and 

hypertension.
29 

Tsai PS et al also reported current 

smoking as significant risk factor for pre HTN and HTN 

among men.
30

 

Alcohol consumption and pre hypertension  

In our study, among students with H/o alcohol intake was 

higher both in pre hypertensive and hypertensive 

compared to normotensive. Even though alcoholics were 

at higher risk of being pre hypertensive and hypertensive 

statistically significant association was noted between 

alcoholics and hypertension and not for pre hypertension. 

Das, et al
23

 reported HTN was more prevalent (14.28%) 

among students who consume alcohol than non-

consumers (12.8%). Rajesh Venkataraman et al had 

reported among rural population of South India incidence 

of hypertension and pre-hypertension increases with the 

increase in the alcohol consumption.
29 

In our study odds 

ratio was 1,562 and 2.88 for alcohol intake among pre 

hypertensive and hypertensive.  Statistically significant 

association was found between alcohol intake and 

hypertension and not for pre hypertension. Xiaofan Guo 

et al   showed the pooled odds ratio was 0.98 for drinking 

among pre hypertensive.
18

 

Regular physical exercise and pre hypertension  

In our study, among students with H/o lack of physical 

exercise was higher both in pre hypertensive and 

hypertensive compared to normotensive. Even though, 

students with lack of physical exercise were at higher risk 

of being pre hypertensive and hypertensive, statistically 

significant association was noted between lack of 

physical exercise and pre -hypertension and not for 

hypertension.  Das et al reported hypertensive prevalence 

was less (12.5%) among persons who had done physical 

exercise and higher among those (13.3%) who was not 

having any healthy habit like walking, jogging, etc.
23

 

Balami A.D et al reported among Public University 

Students in Malaysia Low level of physical activity 

(54.3%) was high among the students. Level of physical 

activity was not significantly associated with pre-

hypertension in both bivariate and multivariate analysis.
28 

Felix F et al reported association between low physical 

activity and pre-hypertension with OR = 2.6 but not for 

hypertension.
31 

Similar findings were reported by Ejike 

CE et al the prevalence of hypertension increases when 

physical activity decreases.
32

  

Overweight and pre hypertension  

In our study, the prevalence of overweight was higher 

among pre-hypertensive (36%) and hypertensive (51.6%) 

compared to normotensives (23.1%). Hana T. Al-Majed 

et al reported among college students in Kuwait with 

BMI>25kg/m
2
 42.3% were normotensive, 62.1% were 

pre hypertensive and 75% were hypertensive 16. In our 

study students who were overweight were at higher risk if 

being pre hypertensive compared to students with BMI of 

less than 25 kg/m
2
 and it was found statistically 

significant. Xiaofan Guo et al had reported that 

individuals with pre-hypertension had higher body mass 

indices and waist circumferences than did people with 

normotension; waist circumferences showed greater 

relative differences.
18 

Das et al reported among students 

the Prevalence of HTN was found high among obese 

(40.7%) and overweight (15.9%) population than others. 

In our study odds ratio was 1.993 and 3.239 for 

overweight among pre hypertensive and hypertensive.
23

 

Sougat Ray et al
33

 in his study among military adults 

reported pre-hypertension had significant positive 

association with BMI>23 kg/m
2
 with an OR of 1.75. 

Positive association of overweight and obesity and pre 

hypertension was also supported by Greenlund KJ et al.
6
 

Shobha S Shetty et al reported among medical students in 

coastal Karnataka significant correlation between pre-

hypertension & a raised BMI for male students.
12 

Balami 

A.D et al reported among Public University Students in 

Malaysia BMI status, over weight and obese persons 

were almost 6 times and 11 times respectively, more 

likely to have pre-hypertension than underweight. Body 

mass index status was significantly associated with pre-

hypertension.
28 

Tesfaye F et al reported blood pressure 

was found to be associated with BMI, and BMI 

independently predicted blood pressure level in all study  

participants.
34 

S. Asmathulla, reported BMI was found as 

an independent contributor for the development of PHT 

in their study population.
35

 

Waist circumference and pre hypertension  

In the present study even though the prevalence of waist 

circumference above 90 cm was higher for both pre 

hypertensive and hypertensive compared to 

normotensive, negative association was noted between 

increased waist circumference and pre hypertension and 

hypertension but it was not statistically significant.  

Blood sugar level and pre-hypertension  

In our study, among students with postprandial blood 

sugar >140 normotensive were 0.8%, pre hypertensive 

were 3% and hypertensive were 3.9% similar findings 

was reported among students of Kuwait by Hana T. Al-

Majed et al where normotensive, pre-hypertensive and 

hypertensive was 0.9%, 1.9 and 3.6% respectively.
16 

In 

the present study positive association was noted between 

blood sugar level and pre hypertension and hypertension 

and it was not statistically significant. 

CONCLUSION  

In conclusion, nearly half of the students were pre 

hypertensive. Pre-hypertension is a precursor of clinical 
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hypertension and consequently of the cardiovascular 

disease (CVD). Higher prevalence of smoking, alcohol 

intake, lack of physical exercise, overweight and 

increased waist circumference and postprandial blood 

sugar more than 140 mg/dl was noted among pre 

hypertensive compared to normotensive.  Higher risk of 

being pre hypertensive was noted among students above 

the age of 20 years; who consume less fruit and 

vegetable, smokers, alcoholics, overweight and lack of 

physical exercise. But statistically significant difference 

was noted for age, lack of physical exercise and 

overweight. Thus, our ultimate objective is to 

management of pre hypertension is to prevent 

hypertension and to reduce the CVD risk associated with 

pre hypertension. 

Lack of regular physical activity, diet and overweight 

were reported by many studies as modifiable risk factors 

for pre hypertension. Education on dietary approach and 

weight reduction for prevention of pre hypertension and 

creating awareness among college students and 

introduction of physical activity in terms of sports or 

outdoor games as part of college teaching schedule will 

go a long way in the prevention of hypertension and 

cardiovascular risk factors in the adult population. 
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