
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abstract:  

Material and methods: The present study was conducted on all 100 volunteers recruited from the student population of 

Vijayanagar Institute of Medical Sciences, Bellary, belonging to the age group of 18-24 years from May 2008 to May 

2009.  Baseline characteristics of all subjects were recorded which includes age, weight, height, body mass index (BMI = 

Weight in kg /Height
2
 in meters), resting heart rate and resting blood pressure. Then, they were subjected to exercise stress 

test on treadmill as per Bruce protocol.    Independent-Sample T-test was used to find significant difference between the 

subjects with and without parental history of hypertension. Results: Mean heart rate was significantly higher in male 

subjects having family history of hypertension across different stages of exercise except in stage-1 (heart rate 1). Mean 

systolic blood pressure was significantly higher across all stages of exercise whereas mean Diastolic blood pressure was 

comparable between the two groups.  Mean heart rate, systolic blood pressure and Diastolic blood pressure were 

significantly higher across all stages of exercise in female subjects having family history of hypertension except peak 

heart rate (heart rate peak) which was comparable in two groups. Conclusion: important finding was that those with a 

family history of hypertension had a higher heart rate, systolic blood pressure response across several stages of treadmill 

exercise. In female subjects, in addition, diastolic blood pressure was also significantly higher in those with family history 

of hypertension.  
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Introduction
 Hypertension, often called the silent killer, is a 

key risk factor for cardiovascular
 
disease mortality and 

morbidity [1]. It is commonly asymptomatic, readily 

detectable, usually easily treatable and often leads to 

lethal complications if left untreated [2]. The risk of 

coronary heart disease, congestive heart failure, ischemic 

and hemorrhagic stroke, renal failure and peripheral 

vascular disease doubles with each increment of 20/10 

mmHg [3]. 

 Recent studies using revised criteria (Systolic 

blood pressure (BP) ≥140 and/or Diastolic BP ≥90 

mmHg) have shown a high prevalence of hypertension 

in India; 25% in urban and 10% in rural subjects [4]. The 

steadily increasing trend in hypertension prevalence in 

India is converse to the findings reported from 

developed countries where there is a significant decrease 

in its prevalence [5].  

 These facts make early identification
 
of persons 

at increased risk for developing hypertension a priority 

so that life style modifications can be initiated at an early 

stage so as to interrupt the costly cycle of hypertension 

and prevent the reduction in quality of life associated 

with this chronic disease [6]. 

 Persons with a parental history of hypertension 

are at a higher risk of development of this disorder [7]. 

Both heart rate and blood pressure response to exercise 

are important determinants of the healthy cardiovascular 

system.  

 

Aims and objectives 

 To study both male and female subjects not 

having family history of hypertension with gender 

matched subjects having family history of hypertension 

 

Material and Methods 

 The present study was conducted on volunteers 

recruited from the student population of Vijayanagar 

Institute of Medical Sciences, Bellary, belonging to the 

age group of 18-24 years from May 2008 to May 2009. 

They were explained about the purpose of study and 

enquired about their family history of hypertension. A 

brief history was taken, general and systemic 

examination was performed and healthy subjects were 

selected based on the inclusion and exclusion criteria. 

Total 100 students were included in the study. They 

were divided into four groups, each group containing 25 

subjects, as follows, males without family history of 

hypertension that is having both normotensive parents, 

males with family history of hypertension that is having 

one or both hypertensive parents, females without family 

history of hypertension that is having both normotensive 

parents, females with family history of hypertension that 

is having one or both hypertensive parents. Healthy and 

asymptomatic males and females in the age group of 18-

24 years were included in our study that was our 

inclusion criteria. Subjects having physical disability 

like arthritis of the knee, which may impair running, 

trained subjects, had any acute illness, history of chest 

pain, breathlessness, orthopnea, history of major illness 

surgery, personal history of smoking, alcohol intake and 

any medication which may influence normal 

cardiovascular response to exercise were excluded from 

the study. 

 

Materials required for the study: 

A. Motor-driven computerized treadmill (X-Scribe II 

STRESS EXERCISE TESTING SYSTEM, 

Manufactured by Mortara Instrument, Milwaukee, 

Wisconsin ,U.S.A.): The X-Scribe II is a high-

performance, PC-based, dedicated color stress testing 

system, which provides automatic ST segment analysis 

and trending on all 12 leads. Treadmill was preferred 

over bicycle ergometer as 1) it is a better stress test, 2) 

speed and grade of exercise can be increased rapidly 

through preprogrammed exercise protocol and 3) it is 

easy to calibrate. 

B. Mercury sphygmomanometer C. Stethoscope D. 

Weighing machine E. Wall-mounted measuring scale 

Baseline characteristics of all subjects were recorded 

which includes age, weight, height, body mass index 

(BMI = Weight in kg /Height
2
 in meters), resting heart 

rate and resting blood pressure. 

 Weight was measured to the nearest 0.1 kg using 

an electronic weighing scale and height was measured to 

the nearest 0.5 cm using wall-mounted measuring scale. 

Resting blood pressure was measured after 10 and 15 

minutes of rest in a seated posture in a quiet room using 

both cuff-stethoscope and electronic methods. There was 

no significant difference observed between the mean 

values of the two methods. The resting blood pressure 

measurement was used to ascertain whether a subject 

was normotensive or not.  

General study design:  

 No special attempt was made to standardize the 

time of the day or the relationship of the last meal. A 

detailed description of the test protocol was explained to 

the subjects. A written informed consent was also 

obtained on the day of the experiment. The subjects were 

prepared by affixing the self-adherent electrodes and 

leads to the chest according to the instructions given in 

user manual of X-Scribe II Stress Exercise Testing 

System.  
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V1 – 4th intercostal space, right of sternum   

V2 – 4th intercostal space, left of sternum 

V3 – between V2 and V4 

V4 – 5th intercostal space, left midclavicular line 

V5 – between V4 and V6 

V6 – 5th intercostal, left midaxillary 

Limb electrodes for the arm were directly placed on the 

clavicle bones (far away from major muscles). The left 

leg electrode was placed below V6 on the ribcage and 

the right leg electrode in the same area on the right side 

of the chest.  

 The cable attachments were then snapped to the 

electrodes. For females a light gown was given.  

 Then, they were subjected to exercise stress test 

on treadmill. The inclination and speed of the treadmill 

was calibrated according to Bruce protocol [8]. The test 

starts at 1.7 mph and at a gradient (or incline) of 10%. At 

three minute intervals the incline of the treadmill and the 

speed increases, as shown in the Table as per Bruce 

protocol [8].  

Stage Speed 

(mph) 

Grade 

(%) 

Duration(min) 

1 1.7 10 3 

2 2.5 12 3 

3 3.4 14 3 

4 4.2 16 3 

5 5.0 18 3 

6 5.5 20 3 

7 6.0 22 3 

 The advantages
 
of the Bruce protocol is its use 

in
 
many published studies and hence availability of data 

for comparison [9], it can be used on subjects of all ages 

and thus it can provide comparative exercise data using 

the same protocol as one grows [10]. Its disadvantages 

include large increments
 
in work that make estimation of 

Vo2max less accurate.
 
The fourth stage can be either run 

or walked, resulting in different
 
oxygen costs. Some 

subjects are forced to stop exercising prematurely
 

because of musculoskeletal discomfort or an inability to 

tolerate
 
the high workload increments [9]. 

Statistical Analysis: 

 The study involves dividing the subjects into 

four groups, collection of data on heart rate, Systolic BP, 

Diastolic BP, and recovery time in each group. Data 

analysis between the groups was done on computer 

using SPSS software for Windows, Version 15. 

Independent-Sample T-test was used to find significant 

difference between the subjects with and without 

parental history of hypertension. Sex related variation 

was also determined using same statistical test. 

Statistical significance was set at p<0.05. 

 

Results 

Comparison of male subjects not having family history 

of hypertension with gender matched subjects having 

family history of hypertension: 

Table No. 1 shows male subjects in the two groups were 

comparable with respect to mean age, height, weight and 

BMI (p>0.05). Mean resting heart rate and Systolic BP 

were significantly higher in the group with family 

history of hypertension. There was no significant 

difference in resting Diastolic BP between the two 

groups 

Table No. 2 states that mean HR was significantly higher 

in male subjects having family history of hypertension 

across different stages of exercise except in stage-1 

(HR1). Mean Systolic BP was significantly higher across 

all stages of exercise whereas mean Diastolic BP was 

comparable between the two groups.  

Comparison of female subjects not having family 

history of hypertension with gender matched subjects 

having family history of hypertension: 

Table No.3 shows female subjects in two groups were 

comparable with respect to mean age, height, weight and 

BMI (p>0.05). Mean resting heart rate, Systolic BP and 

Diastolic BP were significantly higher in the group with 

family history of hypertension. 

Table No. 4 shows mean heart rate, Systolic BP and 

Diastolic BP were significantly higher across all stages 

of exercise in female subjects having family history of 

hypertension except peak heart rate (HRpeak) which was 

comparable in two groups.  

 

Discussion 

 Prevention of hypertension remains elusive, and 

efforts must be continued to make its primary prevention 

a realistic public health goal. Studies suggest that 

exaggerated BP response to exercise in high-risk 

population correlates well with development of 

subsequent hypertension on long-term follow-up [11].  

 Our most important finding is that those with a 

family history of hypertension had a higher heart rate, 

Systolic BP response across several stages of treadmill 

exercise. In female subjects, in addition, Diastolic BP 

was also significantly higher in those with family history 

of hypertension. Fazio S and his colleagues [12] 

suggested that an exaggerated Systolic BP response to 

exercise is frequent among prehypertensive subjects and 

is associated with cardiovascular remodeling, which may 

herald cardiovascular disease. Millar-Craig MW and  
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Table 1: Baseline characteristics of male subjects based on family history of hypertension. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: Results are expressed as mean ±SD       

*- significant 

Table 2: Stage wise exercise test characteristics of male subjects based on family history of hypertension. 

Characteristics Males without F/H of 

hypertension 

            n=25 

Males with F/H of 

hypertension 

            n=25 

P value 

Stage-1 HR1 110.96±12.41 114.80±6.67 0.180 

SBP1 144.56±6.31 161.76±3.88 0.000* 

DBP1 74.72±7.54 77.04±4.32 0.189 

Stage-2 HR2 127.80±8.43 134.48±3.74 0.001* 

SBP2 157.52±7.10 170.24±4.48 0.000* 

DBP2 76.00±7.41 75.68±4.19 0.852 

Stage-3 HR3 150.08±10.48 159.04±2.18 0.000* 

SBP3 170.56±7.45 180.08±4.37 0.000* 

DBP3 77.68±7.76 75.20±4.86 0.182 

Peak stage HRpeak 187.72±12.40 195.72±4.56 0.004* 

SBPpeak 181.20±10.34 196.96±9.24 0.000* 

DBPpeak 80.40±7.04 79.68±4.98 0.679 

         Note: Results are expressed as mean ±SD      *- significant  

 

 

Baseline characteristics Males without F/H of 

hypertension 

            n=25 

Males with F/H of 

hypertension 

            n=25 

p value 

Age (years) 18.72±0.93 18.64±1.31 0.806 

Height (meters) 1.66±0.07 1.64±0.07 0.482 

Weight (kg) 57.96±7.67 58.44±6.74 0.815 

BMI (kg/m
2
) 20.95±2.43 21.62±2.58 0.350 

Resting HR (beats/min) 75.28±9.20 80.88±6.50 

 

0.017* 

Resting SBP (mm Hg) 113.68±7.93 

 

119.28±4.68 0.004* 

Resting DBP (mm Hg) 72.80±7.07 

 

75.04±4.36 0.184 
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Table 3: Baseline characteristics of females subjects based on family history of hypertension. 

 

 

 

 

 

 

 

 

 

 

 

Note: Results are expressed as mean ±SD      *- significant 

Table 4: Stage wise exercise test characteristics of female subjects based on family history of hypertension. 

Characteristics Females without F/H of 

hypertension (n=25) 

Females with F/H of 

hypertension (n=25) 

P value 

Stage-1 HR1 109.64±4.71 124.24±5.59 0.000* 

SBP1 130.40±4.28 141.12±6.68 0.000* 

DBP1 63.12±3.91 68.96±7.59 0.001* 

Stage-2 HR2 131.24±4.32 140.80±3.86 0.000* 

SBP2 147.28±4.57 158.40±6.21 0.000* 

DBP2 64.08±3.67 70.00±7.68 0.001* 

Stage-3 HR3 156.92±9.30 163.40±3.35 0.002* 

SBP3 160.96±5.23 171.04±6.45 0.000* 

DBP3 65.76±3.71 71.92±7.84 0.001* 

Peak stage HRpeak 189.96±2.20 190.00±1.22 0.937 

SBPpeak 173.42±3.79 180.72±4.82 0.000* 

DBPpeak 71.04±4.93 75.76±7.71 0.013* 

Note: Results are expressed as mean ±SD      *- significant 

 

Baseline 

characteristics 

Females without F/H of 

hypertension (n=25) 

Females with F/H of 

hypertension (n=25) 

p value 

Age (years) 18.16±4.73 18.28±0.84 0.537 

Height (meters) 1.53±0.04 1.52±0.03 0.380 

Weight (kg) 49.84±5.45 51.16±6.99 0.461 

BMI (kg/m
2
) 21.16±1.41 22.05±2.73 0.155 

Resting HR(beats/min) 75.32±3.38 85.24±3.34 0.000* 

Resting SBP (mm Hg) 102.40±5.35 112.24±6.56 0.000* 

Resting DBP (mm Hg) 64.16±3.95 

 

70.56±7.90 0.001* 
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coworkers [13] suggested that the blood pressure 

response to exercise may be better indicator of elevated 

blood pressure than a casual clinic blood pressure in 

individual with suspected hypertension. Bassett DR Jr 

and his colleagues [14] suggested that exaggerated blood 

pressure response as a predictor of future hypertension 

reported in previous studies may be little more than a 

simple reflection of elevated resting blood pressure. In 

the future, defining the blood pressure response to 

exercise as a change score (i.e. maximal blood pressure 

minus resting blood pressure) may be advantageous. Chi 

Young Shim and his colleagues [15] in a recent study 

compared subjects with an exaggerated blood pressure 

response to exercise with age and gender matched 

control subjects with normal blood pressure reactivity 

and observed that an exaggerated blood pressure 

response to exercise was associated with augmented rise 

of angiotensin II during exercise. Singh JP and his 

colleagues [16] reported that exercise Diastolic BP 

response was the strongest exercise
 

predictor of 

hypertension in both men and women. This finding is at  

odds with other studies like that conducted by Dlin RA 

and coworkers [17]
 
that reported exercise Systolic BP as 

a strong predictor
 

of hypertension. Palatini P [18] 

suggested that the steeper rise in exercise blood pressure 

in normotensive subjects prone to develop hypertension 

and its complications was due to a failure to reduce Total 

Peripheral Resistance (TPR) adequately during exercise 

as a result of initial structural vascular changes which 

would pre-date the tonic elevation in the blood pressure. 

 

Conclusion 

 In our study, healthy young adults with family 

history of hypertension showed significantly increased 

tendency for abnormal blood pressure response to 

treadmill exercise stress test. In addition to resting blood 

pressure recordings, blood pressure response to treadmill 

exercise can be a good tool to stratify them further for 

future monitoring. 

 As for abnormal blood pressure response 

translating into future hypertension, long-term follow-up 

studies may provide the answer. 
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