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Abstract:  
Aim: Decrease in physical activity has led to rise in obesity contributing to the upward trend of 

cardiovascular disease. This study aims to find how the alteration in body mass index (BMI) results in 

heart rate (HR) and percentage of maximum predicted heart rate (% max pHR) variability and how it 

differs in young and middle old subjects before and after thestress test. Also it aims to find the same 

difference between type 2 diabetics (type 2 DM) and non-diabetic (non DM); secondary hypertensive 

(HTN) and non-hypertensive (non HTN)individuals. 

Method: 120 individuals in the age range 14 to 75 years of age were taken for this study. We grouped 

these individuals into young and middle-old which was further subdivided into underweight, normal, 

overweight, obese based on BMI.Also the middle-old age group was by itself divided into hypertensive 

and non-hypertensive, type 2 diabetic and non-diabetic .The individuals were asked to undergo the stress 

test on a treadmill. The test was terminated on achieving the max predicted heart rate or on complaints of 

fatigue, leg discomfort or chest pain. Heart rate, and percentage of maximum predicted heart rate was 

recorded at rest and at the end of exercise. 

Outcome: it was found that on doing stress test HR was increased in all groups. But the increase was 

significantly more in young individuals especially in underweight  and normal BMI groups.  

Keywords: BMI, Overweight, obesity, type 2 diabetes, secondary hypertension. 

 

I. Introduction 
It is estimated that cardiovascular disease will result in over 40 per cent deaths in India in 2020 

as compared to 24 per cent in 1990(1).With over 3 million deaths in a year, India would be the capital of 

cardiovascular in the upcoming years(1). Worldwide, it results in 17.3 million deaths in a year(1).It has 

claimed to be the leading cause in both rural and urban and also show a rising trend, with the rural slope 

lesser as compared to the urban(2). Cardiovascular disease ranks the highest in non-communicable disease 

among both males and females and in all regions in India (2) 

There have been studies conducted to find the association between BMI and cardiovascular status 

, and the effect of physical activity on cardiovascular functioning(3–10). The research on various 

cardiovascular parameters, the mechanism of cardiac cycle have resulted in finding out the determinants 

associated with the alteration of the normal working capacity and capability of heart. However there is 

paucity of data in terms of comparative study in young and middle old in terms of B MI variability. So 

also the data on association of type 2 DM and HTN and BMI is very scarce.  

The aim of this study was to determine the variability between HR, and percentage of max 

pHRand BMI at rest and on exercise. Also we studied whether there was any correlation in these variables 

between  young and middle old  age subjects i.e. age dependency .we hypothesized 1)that increase in BMI 

lead to decrease in cardiovascular fitness 2) increase in age results in higher decrease in cardiovascular 

functioning irrespective of BMI .We also investigated whether HTN and type 2 DM had the same 

implication of deteriorating the cardiovascular status as that of BMI. 

 

II. Participants And Study Design 
This is a cross sectional comparative study. The participants were selected randomly. 120 

individuals undertook the test of which 78 were males and 43 females. The combined total of non-DM-

HTN subjects were (n=61). The participants were subdivided into young and middle-old age of which 

young were (n=29) and middle old (n=32). The confounding factor of DM (type 2 DM) and HTN was 

adequately matched while comparing between BMI. Subjects with 20.45±3.9  years were grouped as 

young with the highest being 26 years (n=14). The middle age consisted with their age ranging from 31-
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75 years (51.03±9.7) of which non- type 2 diabetic—hypertensive (non DM-HTN) consisted of (n=32) 

subjects with age range between 31-65 years. 

The test was performed during July 2014 to mid-September 2014. The test was undertaken 

according to protocols of the ethical committee of the institution. Some participants in the middle –old 

age were selected from the outpatient department, goa medical college, Bambolim, Goa, India (tertiary 

care centre) who came for follow up of their medical ailment, with history of hypertension, diabetes, as a 

part of routine investigation. While others in the middle-old age and young volunteered to perform the 

test. Consent was taken from the participants before starting the test after explaining about the test 

verbally. 

The test was undertaken according to guidelines of American college of cardiology. Prior to 

starting the test history was asked regarding past history, and personal history, and drug history. 

Depending on past history, middle-old were further sub divided into non-diabetic--hypertensive (n=32) 

with normal BMI (n=14) and overweight BMI (n=9) , underweight (n=3), and obese (n=6); secondary  

hypertensive with normal BMI were (n=16), and with overweight BMI(n=13); while type 2 diabetics-

hypertension with normal BMI (n=17)  and the same with overweight BMI(n=10) to compare how they 

would affect the cardiovascular functioning in normal and overweight bmi.  

The weight was measured on an automated weighing machine scale. Height was measured using 

a stadiometer. BMI was calculated based on the anthropometric measurements. Electrodes were placed on 

chest to measure the heart rate and ECG .Heart rate was measured at rest after sitting for a min and then 

again was measured after standing for a min. Participants were explained about the procedure of the test.  

Test was conducted under supervision and guidance of doctor and para  medics. Participants were asked to 

walk on the treadmill. The test consisted of 4 stages. Each stage was of 3 mins. During each stage heart 

rate, was measured with an ECG was taken. During the first stage speed was 2.7km/hr and grade of 

inclination 10%, during second speed was 4km/hr and grade 12%, during third speed and grade was 

5.4km/hr and 14 % respectively while during third it was 6.7km/hr speed and inclination grade 16%.Test 

was terminated if the patient had symptoms of chest pain, fatigues, and leg  discomfort, or on achieving 

the max predicted or on completion of 4 stages. Max predicted heart was calculated by means of the 

formula max heart rate/220- age of the participant (11). 220-age gives the targeted heart rate.  

Individuals were grouped as underweight(n=3), normal(14) , overweight(n=9), and obese(n=3) 

depending on their BMI In young and underweight(n=3), normal(n14) , overweight(n=9), obese(n=3)in 

middle old. According to cut off points provided by WHO classification 1995. 

 

Table.1.1    Physical characteristics of subjects 
  young (n=29) middle-old (n=32) 

  total underwe

ight 

Normal overwei

ght 

obese total underwe

ight 

normal overwei

ght 

obese 

  (n=29) (n=3) (n=14) (n=9) (n=3) (n=32) (n=3) (n=14) (n=9) (n=6) 

Age(yr.) 20.45±

3.9 

19.67±5.

8 

20.3±1.

2 

20.9±0.

09 

21.0±4.

.5 

51.03±

9.7 

48.67±3.

05 

48.36±

11.1 

56.5±7.

7 

50.17±

9.5 

Body 

mass(kg

) 

60.07±

12.4 
73.33±13

.2 
54.71±

8.17 
20.67±4

.0 
44.0±3.

6 
64.58±

12.5 
48.67±1.

52 
56.50±

5.8 
72.78±8

.10 
79.17±

7.7 

Height(

m) 

1.56±0.

09 

1.52±0.1

8 

1.5±0.1

0 

69.3±8.

74 

1.57±0.

02 

1.63±0.

07 

1.6±0.03 1.62±0.

05 

1.8±0.0

9 

1.6±0.

07 

BMI(kg/

m²) 

24.38±

4.3 

31.74±1.

9 

21.96±

1.24 

1.57±0.

08 

17.68±

1.05 

24.26±

4.4 

17.47±0.

16 

21.44±

1.71 

26.49±0

.8 

30.87±

6.7 

 

Data are mean±SD. BMI-body mass index.*p ≤0.05, **p ≤0.01, ***p ≤0.0001. These symbols 

indicate level of significant difference between BMI is calculated using unpaired student t test.  

 

III. Statistical Analysis 
All the results were tabulated. Statistical analysis was done according to graph pad prism SPSS 

version 6.01.At first HR was compared between pre-test and at the end of the test. Student unpaired t test 

was used to find the significance. Values below p ≤0.05 were considered significant, p≤0.01 very 

significant, p≤ 0.0001 very highly significant. Correlation coefficient was triv ial (r<0.1), small (r0.1-0.3), 

moderate (r0.3-0.5), large (r0.5-0.7), nearly perfect(r>0.9) and perfect(r=1) (3).  

The pre-test variables (HR) was compared with BMI in young and middle-old and their p value 

of significance was found using one way ANOVA (non-parametric test). Also the correlation between 

them was found by Karl Pearson product moment. The mean % change in the variable (HR) was 

compared with young and middle old and their p value and r value was found using the above test. The 

mean % change was found calculating the mean% change in the variable for each individual and then 

their mean was taken. The % max predicted HR rate (% man pHR),and wascompared. The pre-test and 
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mean % change of HR was compared between non-diabetic--non hypertensive and diabetic, and between 

non-diabetic--hypertensive and hypertensive individuals in both normal & overweight BMI and their 

value of significant difference was calculated using student t test.  

The mean % change of HR was also compared between young and middle-old in normal & overweight 

BMI and the significant difference was calculated using t test.  

 

IV. Results 
Table.1.2   Comparison between pre-test & after exercise heart rate in young with underweight normal 

overweight and obese BMI 
young(n=29) 

  underweight BMI (n=3) normal BMI(n=14) 

  pre-test exercise p value pre-test exercise p value 

HR 84.0±3.46 180.7±6.0 <0.0001*** 77.36±5.7 182.1±11.7 <0.0001*** 

       

 
 

young(n=29) 

  overweight BMI(n=9) obese BMI(n=3) 

  pre-test exercise p value pre-test exercise p value 

HR 92.11±3.9 140.2±13.35 <0.0001*** 86.6±3.21 141.3±7.3 0.0003** 

 

Data are mean±SD. HR-heart rate, BMI-body mass index. .*p ≤0.05 significant, **p ≤0.01very 

significant,  

***p ≤0.0001 very highly significant. These symbols indicate level of significant difference between 

BMI. 

It is calculated using unpaired student t test.  

 

Table.1.3   Comparison between pre-test & after exercise heart rate in middle old with underweigh,t 

Normal, overweight and obese BMI 
middle-old(n=32) 

  underweight BMI(n=3) normal BMI(n=14) 

  pre-test exercise p value pre-test exercise p value 

HR 80.03±8.6 165.0±12.17 <0.0001*** 74.57±10.8 155.1±17.65 <0.0001*** 

 
middle-old(n=32) 

  overweight BMI(n=9) obese BMI(n=6) 

  pre-test exercise p value pre-test exercise p value 

HR 83.6±16.0 145.3±22.7 <0.0001*** 91.17±7.13 143.0±18.18 <0.0001*** 

 

Data are mean±SD. HR-heart rate, BMI-body mass index. .*p ≤0.05 significant, **p ≤0.01very 

significant,  

***p ≤0.0001 very highly significant. These symbols indicate level of significant difference between 

BMI. 

 

It is calculated using unpaired student t test.  

 

Table .1.4 Comparison of pre-test values of heart rate and % max pHRbetween BMI in young and middle 

old 
young(n=29) 

  underweight normal overweight obese P value r 

value 

  (n=3) (n=14) (n=9) (n=3)     

HR 84.0±3.46 77.36±5.7 92.11±3.9 86.67±3.21 <0.0001*** 0.457 

%max p(HR) 90.8±2.8 91.14±6.11 70.33±6.30 70.66±5.6 <0.0001*** -0.207 

 
middle-old(n=32) 

  underweight normal overweight obese p value r value 

  (n=3) (n=14) (n=9) (n=6)     

HR 80.33±8.6 74.57±10.8 83.6±16.00 91.17±7.13 0.0489* 0.4 

%max p(HR) 96.35±7.77 89.25±10.13 88.8±12.44 85.97±10.5 0.6051 -0.476 

 

Data are mean±SD. HR-heart rate, BMI-body mass index. pHR- predicted heart rate. 

*p ≤0.05 significant, **p ≤0.01very significant, ***p ≤0.0001Very highly significant.  
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These symbols indicate level of significant difference between BMI. It is calculatedusing one way 

ANOVA 

 (non parametric) test. r value indicates the degree of correlation calculated by Karl Pearson product 

moment 

 

Table .1.5 Comparison of mean % change in heart rate (difference between after exercise and pre-test), 

between BMI in young and middle old 
young(n=29) 

  underweight normal overweight obese P value r value 

  (n=3) (n=14) (n=9) (n=3)     

HR 43.39±2.50 47.38±3.57 25.53±5.5 29.53±3.7 <0.0001*** -0.8 

 
middle-old(n=32) 

  underweight normal overweight obese p value r value 

  (n=3) (n=14) (n=9) (n=6)     

HR 41.34±2.37 41.0±7.93 33.01±8.03 26.99±8.06 0.0004** -0.5386 

 

Data are mean±SD. HR-heart rate, BMI-body mass index. .*p ≤0.05 significant, **p ≤0.01very 

significant, 

***p ≤0.0001 very highly significant.These symbols indicate level of significant difference between BMI.  

It is calculated using one way ANOVA (non parametric) test.  

r value indicates the degree of correlation calculated by Karl Pearson product moment  

 

Table .1.6 Comparison of pre-test value in heart rate and  % max pHR between non diabetic-hypertensive 

& hypertensive and between non diabetic-hypertensive & diabetic in normal and overweight BMI middle 

old subjects 
middle-old(n=52) 

  normal BMI(n=30) overweight BMI(n=22) 

  normal hypertensive p value normal hypertensive p value 

  (n=14) (n=16)  (n=9) (n=13)   

HR 74.57±10.8 76.94±13.6 0.6071 83.6±16.0 77.46±10.4 0.2833 

%max p(HR) 89.82±16.34 85.24±10.32 0.2929 88.81±12.44 87.15±10.30 0.7375 

 
middle-old(n=50) 

  normal BMI(n=31) overweight BMI(19) 

  normal DM p value normal DM p 

value 

  (n=14) (n=17)  (n=9) (n=10)   

HR 74.57±10.8 86.12±11.44 0.0077** 83.6±16.0 85.7±18.2 0.8002 

%max p(HR) 89.82±16.34 89.8±16.3 0.9094 88.81±12.44 92.60±6.78 0.4142 

 

Data are mean±SD. HR-heart rate, BMI-body mass index. pHR- predicted heart rate. 

 *p ≤0.05 significant, **p ≤0.01very significant, ***p ≤0.0001very highly significant. These symbols 

indicate  

level of significant difference between BMI.It is calculated using unpaired student t test. 

 

Table .1.7 Comparison of mean % change of in heart rate between non diabetic-hypertensive & 

hypertensive and between non diabetic-hypertensive & diabeticin normal and overweight BMI middle old 

subjects 
middle-old(n=52) 

  normal BMI(n=30) overweight BMI(n=22) 

  normal hypertensive p value normal hypertensive p value 

  (n=14) (n=16)   (n=9) (n=13)   

HR 41.00±7.9 34.72±7.58 0.0255* 33.01±8.03 34.55±10.9 0.7235 

 
middle-old(n=50) 

  normal BMI(n=31) overweight BMI(19) 

  normal DM p value normal DM p value 

  (n=14) (n=17)   (n=9) (n=10)   

HR 41.00±7.9 31.18±9.01 0.0025** 33.01±8.03 36.26.18±9.0 0.4217 

 

Data are mean±SD. HR-heart rate, BMI-body mass index.  

*p ≤0.05 significant, **p ≤0.01very significant, ***p ≤0.0001 very highly significant. 
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 These symbols indicate level of significant difference between BMI. It is calculated using unpaired 

student t test. 

 

Table .1.8 Comparison of mean % change in heart rate and % max pHR between young and middle old in 

normal and overweight BMI middle old subjects 
  normal BMI(n=28)   overweight(n=18) 

  young middle-old p value r value young middle-old p value r 

value 

  (n=14) (n=14)     (n=9) (n=9)     

HR 47.3±3.5 41.0±7.9 0.010** -0.926 25.53±5.56 33.01±8.03 0.0354* -

0.375 

%max p(HR) 91.14±6.11 89.25±10.13 0.0011** -0.86 70.33±6.30 88.81±12.44 0.5548 -0.03 

 

Data are mean±SD. HR-heart rate, BMI-body mass index, pHR- predicted heart rate.*p ≤0.05 

significant, **p ≤0.01very significant, ***p ≤0.0001 very highly significant. These symbols indicate level 

of significant difference between BMI. It is calculated using unpaired student t t est 
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Left side figure shows the mean % change in heart rate (HR) in young comparing to the mean % change in HR 

in middle old. Both the figures illustrate the difference in underweight, normal, overweight, obese BMI subjects 
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Fig 1.2 
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Left side figure shows the mean % change in heart rate in normal BMI while right side figure shows the 

mean % change in heart rate in overweight BMI  comparing between non type 2 diabetes mellitus – non 

hypertension ( non DM-HTN), hypertension (HTN), type 2 diabetes mellitus (DM) 

 

Fig 1.3 
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Shows the mean % change in HR in young and middle old. Left portion describes the results in 

normal BMI while right shows the results in overweight BMI 
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There was very high significant difference in pre-test & after exercise value in HR in youngas 

well in middle old (p value <0.0001) indicating that the cardiovascular system is put on stress with the 

increase in sympathetic and parasympathetic activity on doing the treadmill test.  

On comparing the pre-test values i.e. the resting HR between different BMI there was very high 

significant difference in young (p value <0.0001) and inmiddle old the difference was significant (p value 

0.0489). Table 1.4 illustrates that higher BMI subjects had a significantly higher resting HR as compared 

to that of lower BMI subjects. 

The %max pHR showed significant difference with change in BMI in young (p <0.0001) while 

there was no significant difference in middle old.  

The mean % change in HR was significantly different on comparing between underweight, 

normal, overweight, obese BMI in young and in middle old (p <0.0001 and 0.0004 respectively). Fig 1.1 

shows that there is comparatively high mean % change in HR on doing the physical activity in 

underweight and normal BMI, while overweight and obese BMI subjects showed a minimal change. 

The correlation coefficient  between pre-test  resting HR and BMI was positive in both young 

and middle-old (0.4)but showed a negative correlation on comparing BMI with its mean % change(-0.8 

and -0.5). This states that resting heart rate significantly increases with increase in BMI. Conversely the 

percentage of change in heart rate significantly falls with increasing BMI.Likewise the % max pHR 

showed a negative coefficient stating that it falls with the increasing BMI.  

On comparing the resting HR and  % max predicted HR between non-HTN--DM and HTN  

subjects  there was no significant difference in both normal and overweight BMI and this result was 

consistent on comparing the same between non-HTN-DM and DM subjects, except for resting HR in 

normal BMI subjects which showed a significant difference( p  0.007)  

 The mean % change in HR was significantly different in normal BMI on comparing between 

non- HTN-DM, HTN-DM and this has been described in fig1.2. Interestingly there was no much 

difference on comparing the same in overweight subjects  

The comparative study between  young & middle old in normal BMI showed a high significant 

change in mean % change in HR and % max pHR.(p 0.010 and 0.001).This states that significant changes 

occur in the functioning of heart as age progresses, however on comparing the same in overweight 

subjects there was no much change found between young and middle old(p 0.0354 and 0.554).Also, the 

mean % change in HR and % max pHR was higher in middle old as compared to young as shown  in fig 

1.3 ,indicating that the detrimental effects on cardiovascular functioning do occur at a young age in 

overweight subjects. 

 

V. Discussion 
In this study we found that the overall prevalence of overweight and obesity was 41.37% in 

young and 44.08% in middle old subjects. In contradictory  a  study carried out in urban south India the 

overall prevalence of overweight was 10% and obesity was 5% among 761 adolescents studied(12). While 

another study done to compare between higher and lower socio economic status  in 5664 school children 

of 12-18 years of age prevalence of overweight was found to be 14.3% among boys and 9.2% among girls 

whereas the prevalence of obesity was 2.9% in boys and 1.5% in girls (13). The overall  prevalence of 

overweight among adolescents varies between 10% and 30%(14).While in Balkan countries there was 

43.8% prevalence of overweight /obese in the study conducted in Greece(15),a little lower than in India. 

This claims that there is a rising trend of overweight & obesity in India as that of the part of the world . 

In the present study we investigated on how the increase in BMI results in deterioration of 

cardiovascular functioning. The difference in pre-test & after exercise values in HR proved that it was 

highly significant in both young and old as well in all bmi subjects. The finding was consistent in all age 

groups as well in all BMI groups. 

During exercise there are a number of physiological mechanism that play a role in terms of 

increase in the blood flow to about 25 fold and oxygen delivery to the muscles(16). The increased blood 

flow to the muscles is due to increase in opening of blood capillaries, increase rate in flow of blood, 

release of local vasodilators resulting in the dilatation of the arterioles ,  increase in metabolism in muscles 

compensated by increase in cardiac output i.e. by increasing the heart rate and stroke volume, stimulation of 

the vasomotor centre leading to sympathetic and parasympathetic stimulation and contraction of veins 

leading to increased systemic filling pressure(16).  

Increase in BMI is correlated with increase left ventricular (LV) mass and wall thickness (17). 

 Human obesity is associated with impairment of sympathetic activation with increased sympathetic discharge at 

resting rate which contributes to the increased incidence of hypertension and cardiovascular complications in 

overweight subjects(18,19). It  is also responsible for  impairment in the baroreceptor reflex of cardiac and 

peripheral control(19). 
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As HR and maximum oxygen consumption by heart (VO2) are interrelated with each other, HR is used 

as a quantitative assessment tool during exercise (4). There is a direct relationship between oxygen consumption 

and activity intensity rise and between exercise intensity and heart rate during aerobic exercises. The oxygen 

consumption will increase and reach 7 to 8 times more than the rest while heart rate will reach the maximum 

with the maximum exercise intensity(20). 

On comparing the value of pre-test resting HR and BMI there was highly significant difference 

between all BMI groups in young and in middle-old .The association between BMI and HR was positive. 

At rest, heart rate is called a resting heart rate. The higher resting heart rate indicated that heart must 

work harder to pump blood through the excess tissue. While the resting heart rate of an underweight and 

normal will be lower because the heart is stronger and can work more efficiently with each beat.  

During exercise the young rely more on an increase in the ejection fraction (+11 ejection fraction units) 

with no cardiac dilatation (21). In the present study, on comparing these variables on exercise there was 

increase in HR with exercise but the increase was more in young as compared to that of old also incre ase 

was significantly more in underweight, & normal BMI in age groups. In a similar study conducted earlier, it 

was found that during exercise, the old group had a lesser increase in heart rate (+105% old versus +166% 

young, a greater increase in end-diastolic volume index (+8% old versus -10% young), a lesser fall in end-

systolic volume index (-0% old versus -32% young), and a lesser increase in cardiac index (+135% old versus 

+189% young) (all P < .01 young/old versus exercise stage), lesser increases in ejection fraction (+3 ejection 

fraction units old versus +11 units young) and peak ejection rate (+62% old versus +119% young)(21). During 

exercise the ejection fraction was less than 0.60 in 45 per cent of subjects over age 60 as compared with 2 per 

cent of younger subjects (P < 0.001)(22).Another study  observed that there was age-related increase in stroke 

volume on diastolic filling was emphasized by the fact that at this high workload end-systolic volume was 

higher (end-systolic volume [ml] = 3.09 + 0.65 [age]; r = .45, p = .003) and ejection fraction lower (ejection 

fraction = 88.48 - 0.18 [age]; r = -.33, p = .04) with increasing age(23). A heart rate that does not increase 

adequately during exercise is associated with increased risk of death (24). 

It has been shown that  exercising at heart rates between 55/60% to 90% of maximum HR (or 50% to 

85% VO2) is an appropriate level of exercise intensity for improving cardiovascular fitness and reducing body 

fat(4,25–27).% max pHR on comparing with BMI there was a significantly higher value in underweight, 

normal BMI as compared to overweight/ obese in both young and old although the difference being 

highly significant in young as compared to old .Also higher % max pHR was found in old as compared to 

young on exercise. 

According to the Framingham Study, hypertension accounts for about one quarter of heart 

failure cases(28).Studies conducted to know the mechanism of adrenergic and reflex abnormalities has proven 

that Muscle sympathetic nerve activity (MSNA) was significantly (P:<0.01) greater in obese normotensive 

subjects (49.1+/-3.0 bursts per 100 heart beats) and in lean hypertensive subjects (44.5+/-3.3 bursts per 100 

heart beats) than in lean normotensive control subjects (32.2+/-2.5 bursts per 100 heart beats); a further increase 

was detectable in individuals with the concomitant presence of obesity and hypertension (62.1+/-3. 4 bursts per 

100 heart beats) (29).Similarly, arterial plasma norepinephrine , an index of sympathetic drive, was increased in 

hypertensives compared to normotensives (mean +/- SE), 199 +/- 24 vs. 134 +/- 11 pg/ml, P less than 0.02(30). 

 On comparing the non-diabetic-hypertensive and hypertensive subjects we found that the resting 

value of HR, was significantly higher in hypertensive than in non-hypertensive group. On exercise the 

rise in HR, along with % max predicted HR was more in non-hypertensive as compared to hypertensive. 

Observations in the Bogalusa Heart Study have shown an important correlation of clinical risk factors in 

early life with anatomic changes in the aorta and coronary vessels with atherosclerosis and cardiac and 

renal changes related to hypertension (31). Like an overweight and obese heart ,there is increased 

workload on a hypertensive heart thus resulting in higher resting heart rate whereas  during exercise it is 

the non-hypertensive heart have higher capacity to supply the extra lead of blood to the exercising 

muscles. We also compared the results of normal BMI hypertensive subjects with overweight BMI 

hypertensive subjects and it was found that there was hardly any difference in change In HR in 

overweight BMI subjects while significant change was present in normal BMI subjects .There  is  

independent inverse  association between cardio respiratory fitness levels and mortality risk in individuals 

with HTN regardless of BMI levels however the impact of fitness on the mortality rate is greater in the 

overweight and obese individuals compared to those of normal weight(32). In a study on school 

children,obese hypertensive students had higher resting heart rate than non-obese normotensive patients (85.9 vs 

79.6 beats/min, P <.001) (33). In normotensive obesity,it has been shown that renal sympathetic tone is doubled, 

however cardiac norepinephrine spillover (a measure of sympathetic activity in the heart) is only 50% of 

normal. While in obesity-related hypertension, there is a comparable elevation of renal norepinephrine spillover, 

and cardiac norepinephrine spillover is more than double that of normotensive obese(34) . Evidence from direct 

intraneural recordings, found that the borderline hypertensive group had higher systolic (p less than 0.01) and 
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diastolic (p less than 0.05) blood pressures and increased sympathetic nerve activity independent of sodium 

intake(35) 

Obesity in type-2 diabetic patients is a very common phenomenon and often termed as 

"Diabesity"(14).hyperinsulinemia and insulin resistance are the links that tie hypertension, obesity, and 

NIDDM togethe(36). Diabetes, obesity, hypertension, dyslipidaemia are grouped under one name 

"Metabolic syndrome (14).On comparing the non-hypertensive-diabetic and diabetic subjects the result 

was consistent as that of hypertensive except for one difference i.e. there was significant difference in 

resting HR, between diabetic and non-diabetic-hypertensive subject while the difference was not 

significant between hypertensive and non-diabetic-hypertensive group in normal BMI subjects. Thus we 

can conclude that higher work is done by the heart of a diabetic as compared to that of the non -diabetic. 

On exercise there was  significant increase in HR in non- HTN-DM subjects as compared to DM subjects 

.Conversely in overweight subjects, the increase was more in DM  as compared to non - HTN-DM 

subjects. Diabetic hearts exhibit signs of a progressive cardiomyopathy; increased fatty acid oxidation 

preceded reductions in carbohydrate oxidation along with decreased Post ischemic recovery of 

function (37).It has been proven, mean urinary norepinephrine excretion was higher in subjects classified as 

either hyperglycaemic (serum fasting glucose greater than or equal to 113 mg/dl) and hyperinsulinemic (serum 

fasting insulin greater than or equal to 19 microIU/ml) (p = 0.0023) or in subjects classified as either 

hyperglycaemic or hyperinsulinemic (p = 0.0063) than the mean urinary norepinephrine excretion in normal 

subjects(38). An Evidence from microelectrode nerve recordings in healthy subjects showed that an acute rise in 

plasma insulin levels is known to increase intraneurally recorded muscle sympathetic activity(39,40). The 

increases in muscle nerve sympathetic activity were significant (p less than 0.001; ANOVA) throughout insulin 

infusion, with a slight further increase at the supraphysiological insulin concentration(40).Apparently healthy 

individuals with family history of type-2 diabetes mellitus comparatively have higher anthropometric 

values and lower physical fitness(41).We also compared the results of normal BMI diabetic subjects with 

overweight BMI diabetic subjects and the result was found to be consistent with that of non-hypertensive-

diabetic subjects. 

Aging is associated with a mild increase in heart weight, and narrowing of the left ventricular outflow 

tract(42–44). In the resting aging heart, there are largely no alterations of systolic function, with preserved 

ejection fraction and stroke volume; because resting heart rate is unchanged or only minimally reduced with 

aging, cardiac output is also preserved(45). The plasma norepinephrine level, a measure of cardiovascular 

sympathetic nervous system activity, and the mean arterial blood pressure increased wtih age (r = 0.68 and 0.67, 

respectively, both p < 0.001)0(46,47).Respiratory variation of heart rate during beta-adrenergic blockade, an 

index of cardiac parasympathetic nervous system activity, was reduced in older subjects (r = − 0.54, p < 

0.001)thus stating that there is sympathetic nervous system and parasympathetic nervous system compensation 

of cardiovascular function in response to an age-related decrease in baroreceptor sensitivity(47). 

We found that there was significant difference of mean % change of all HR and % max pHR 

between young and middle old in overweight bmi subject while there was significant difference in normal 

bmi subjects. Thus we can hypothesize that there is significant difference in the structural and 

physiological functional of heart in young and middle old  subjects of normal BMI, whereas in 

overweight BMI it is almost the same concluding that detrimental effects of cardiovascular disease do 

begin at a younger age in overweight and obese individuals, however needs more research to prove it. In 

the Baltimore Longitudinal Study of Aging. , during vigorous exercise (125 W), there was an age-related 

increase in end-diastolic volume and stroke volume, and an age-related decrease in heart rate(23). The heart 

becomes slightly hypertrophic and hyporesponsive to sympathetic (but not parasympathetic) stimuli, so that the 

exercise-induced increases in heart rate and myocardial contractility are blunted in older hearts(48). A mental 

stress programme and isometric exercise gave significant increases in heart rate and blood pressure for all age 

groups(49).  Hypothalamic regulation of baroreceptor reflex sensitivity becomes altered with age with 

alterations at the afferent, central neural, efferent, effector organ portions of the reflex arch and cardiopulmonary 

vagal afferents resulting in decrease in sympathoexcitatory responses(48,50–53). 

Our study had limitations in terms of 1) the sample size of non-hypertensive-diabetic was lower.2) 

there was no demographic data about cardiovascular mortality in the specific population3) other risk 

factors of cardiovascular disease were not considered4) other anthropometric measurements like waist hip 

ratio to know the body fat distribution and skin fold thickness related to overweight and obesity were not 

taken into consideration. 

 

VI. Conclusion 
Increase in BMI result in alteration of the autonomic function of the heart. At rest there is 

sympathetic over activity while on exercise due to anatomical and physiological capacity, it cannot bear 

the increasing workload. This is consistent in both young as well as old. However age acts as a 
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cumulative factor to obesity resulting in further deterioration .Diabetes and hypertension are other factors 

which also affect the normal functioning of heart.  
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