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ABSTRACT 

Background: Obesity is a potential risk factor for development of various cardiovascular diseases. Blood pressure 
response to exercise has been an indicator for developing hypertension. This study is intended to study the effect 
of body mass index on blood pressure response to peak exercise.  

Material and methods: This study was carried out with ninety young healthy males (30 normal weight, 30 
overweight, 30 obese) of age group 18-22 years. Peak exercise was performed on treadmill using Bruce protocol. 
Blood pressure was measured at baseline and at exhaustion. Statistical analysis was done using one way ANOVA.  

Results: The obese group showed higher resting systolic blood pressure compared to normal weight group (115.86 
+ 9.1 vs. 106.32 + 8.41). At exhaustion there is increased systolic blood pressure in obese group compared to 
normal weight group (155.76 + 14.70 vs. 135.80 + 10.01) as a result of cardiac overload. Diastolic blood pressure in 
obese group reduced to a greater extent when compared to normal weight group but was not statistically 
significant.  

Conclusion: Exacerbated blood pressure response to peak exercise among obese young males suggests greater 
reactivity to physical exertion and risk of developing hypertension. 
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INTRODUCTION 

Globally, there is an increase in the prevalence of 
overweight and obesity among adolescent and 
youth. In south India this prevalence is raising at a 
faster pace [1-3]. The reason for this could be due to 
lack of physical activity and increased consumption 
of high calorie food. A very near association was 
seen between obesity and exaggerated blood 
pressure which could be attributed to increased 
activity of sympathetic nervous system in renal and 
peripheral soft tissue and increased activity of renin-
angiotensin-aldosterone system [4] .The blood 
pressure response during exercise test is a useful 
tool for assessing cardiac status of the individual. 
Abnormal increase or decrease of blood pressure in 
response to exercise is a valid risk factor for 
developing cardiovascular diseases in future. In past, 
various studies were done to find out hemodynamic 

responses to isometric exercises and thread mill 
exercise in adolescent and teen population [5-8]. 
However, there is very scanty and conflicting 
information available about blood pressure response 
to peak exercise in overweight and obese Indian 
youth. Therefore, this work was intended to study 
the effect of BMI on blood pressure response to 
peak exercise in young healthy males. 

MATERIALS AND METHODS 

One hundred twenty healthy male students were 
selected according to the eligibility criteria. The 
inclusion criteria were 1) Healthy male students of 
age between 18 to 22 years 2) Not undergoing any 
physical conditioning programme 3) willingness to 
participate in the study. Exclusion criteria were 1) 
History of hypertension 2) history of cardiac or lung 
diseases 3)habit of smoking 4) alcohol consumption 
5) usage of cardiovascular or respiratory system 
affecting drugs. The weight and height of every 
student was measured in order to calculate the Body 
Mass Index (BMI). Depending on the BMI recorded , 
subjects were divided into normal weight group 
(BMI  18 to 22.9 kg/m

2
) , overweight group (BMI > 23 

to 24.9 kg/m
2
) and obese group (BMI > 25 
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kg/m
2
).The BMI cut off point used for this purpose 

was in accordance with those suggested for Indian 
population[9]. 

This study was approved by institutional ethical 
committee. All participants were informed about the 
purpose and proper explanation was given regarding 
the procedures used in the study. Verbal and written 
consents were taken. The peak exercise was 
performed on motorized treadmill using Bruce 
protocol as per AHA/ACC guidelines [10, 11].The 
participants were instructed to walk or run till 
maximum of their ability until they got exhausted 
and can no more go on with the exercise. The 
participants were asked for any discomfort 
experienced for every two minutes of exercise. The 
blood pressure was measured initially before 
commencement of the exercise and at the point of 
exhaustion using automatic BP apparatus. The 
baseline physical characteristics and blood pressure 
changes to peak exercise among the three groups 
were analyzed using one-way ANOVA to detect the 
significance of differences. Data analysis was done 
using SPSS software. 

RESULTS 

Among one hundred twenty healthy male 
participants who met the eligibility criteria, ninety of 
them (30 normal weight, 30 overweight, 30 obese) 
were included in the study. The baseline 
characteristics of all the three groups were 
summarized in Table 1 and Table 2. All the three 
groups were well matched with respect to age. 
Weight, height and BMI showed significant 
difference between normal weight group and obese 
group at baseline. 

Resting mean level systolic blood pressure 
among obese group was significantly higher than 
normal weight group. No significant difference was 

found between overweight and obese as well as 
normal weight and overweight groups. Resting 
diastolic blood pressure between obese and 
overweight groups was significantly higher than 
normal weight group. No significant difference was 
found between overweight and obese groups. At 
exhaustion the systolic blood pressure was 
significantly higher in overweight and obese groups 
when compared to normal weight group. Diastolic 
blood pressure was reduced in overweight and 
obese groups when compared to normal weight 
group but statistical significance was not obtained.  

DISCUSSION 

With the increasing prevalence of obesity among 
Indian youth, the government of India had done 
various surveys regarding body mass index and has 
reduced the diagnostic cut off to 23 kg/m2 as 
opposed to 25 kg/m2 to fight against obesity 
[9].Utilizing these recently proposed BMI cut off 
points study was done to find out and compare 
blood pressure changes to peak exercise among 
obese, overweight and normal weight participants. 
The results obtained in the study showed that the 
resting systolic blood pressure was higher in 
overweight and obese participants. Similar findings 
were obtained by various other studies [12-14]. 
Various factors concerned with increase of blood 
pressure in obesity includes increased blood volume 
and cardiac output  in response to increased 
metabolic demand induced by excess body weight. 
At exhaustion the systolic blood pressure response 
was significantly higher when compared to normal 
weight group. This could be attributed to increased 
peripheral vascular resistance and exacerbated 
sympathetic activity that contributes primarily in 
maximal exertion, when the mechanisms of 
metabolic and mechanical feedback of active 
muscles and joints trigger a significant increase in 

TABLE 1: Physical characteristics among three groups 

PARAMETER NORMAL WEIGHT 
(n= 30  ) 

OVER WEIGHT 
(n= 30   ) 

OBESE 
(n=30   ) 

P value 

AGE (Yrs.) 19.46 + 1.25 19.56 + 1.05 19.6 + 1.17 0.9649 

Weight (Kg) 50.96 + 4.3 67.43 + 4.26* 81.16 + 6.25†‡ <0.05 

Height (m) 1.56 + 0.04 1.68 + 0.06 * 1.66 + 0.03 † <0.05 

BMI (Kg/m
2
) 20.92 + 1.13 23.78 + 0.56 * 29.15 + 2.3 †‡ < 0.05 

The level of significance was set at p < 0.05 
Values expressed as Mean + SD 
*Significantly different between normal and overweight group 
†Significantly different between normal and obese group 
‡Significantly different between overweight and obese group 
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sympathetic response [15].  There is also an 
increased activity of renin angiotensin aldosterone 
system. The diastolic blood pressure at exhaustion 
reduced more than normal weight group. However, 
this reduction was not significant. This could be 
attributed to decreased exercise tolerance of 
participants in study groups. This study is limited to 
small group of participants and only males were 
included in the study. Therefore, a gender variation 
of blood pressure response to BMI at peak exercise 
requires confirmation utilizing larger group. 

CONCLUSION 

This study shows that there is a significant 
exacerbation of blood pressure response to peak 
exercise in obese when compared to normal weight 
participants suggesting greater reactivity to physical 
exertion. This exacerbated response could be related 
to metabolic and autonomic abnormalities that 
usually precede the establishment of hypertension. 
As a result peak exercise can be utilized in early 
detection of risk of development of cardiovascular 
diseases in obese young males.  

Conflicts of interest:  None 
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