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INTRODUCTION 
Long term structured physical activity brings about 
significant changes in the body composition and 

cardiovascular system, both at the structural and 
functional level, thereby influencing the autonomic 
nervous system. Some studies have shown that lower 
physical fitness is strongly associated with risk for 
developing cardiovascular disease

[1,2,3]
 hypertension,

[4]
 

and type 2 diabetes mellitus.
[5]

 Structured physical 

activity leads to lesser resting heart rate and blood 
pressure and thereby increasing the parasympathetic 
activity.

[6] 
Body composition plays a major role in 

assessing the effects of training and the competitive 
performance in athlete.

[7]
 Moreover the body 

composition of our Indian population varies significantly 

when compared to that of the western data.
[8,9]

 Heart rate 
variability (HRV), the beat-to-beat alteration in heart 
rate, is a non-invasive indicator of autonomic activity.

[10]
 

Structured physical activity not only decelerates the 
aging process, but also improves the HRV, thereby 
increasing the vagal tone. Higher HRV is an indicator of 

better adaptability and efficient autonomic activity while 
lower HRV is associated with increased risk of cardiac 
ailments.

[11,12]
 Spectral analysis of HRV, which is a 

widely employed and recommended method
[13] 

is used to 
measure the normalised high-frequency power, reflecting 
the parasympathetic system, and the ratio of low-to-high 
frequency band powers, which indicates the sympathetic 
balance. Hence, our study was aimed to study the effect 
of athletic level physical activity on the anthropometric 

parameters, heart rate variability and resting blood 
pressure among athletes in a South Indian population and 
compare it with non-athletes. 
 

MATERIALS AND METHOD 
Study design and participants 

The study commenced after obtaining approval from the 
JIPMER Scientific Advisory Committee and JIPMER 
Institute Ethics Committee for human studies. 
Participants for the athlete group was recruited based on 
the American College of Sports Medicine (ACSM) 
recommendations. Active men, from Sports Athority of 
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ABSTRACT 

Aim: To compare and assess the anthropometric parameters, heart rate variability and resting blood pressure 
among athletes in Puducherry. Materials and Method: This study was conducted in the Department of Anatomy 

and Physiology, JIPMER, Puducherry. 60 participants [(athletes (n=45), non –athletes (n=15)] were recruited. 
Parameters such as height, weight, waist /hip ratio, BMI, skin fold measurements, body fat% (BF%) and Lean body 
mass, Heart rate (HR), systolic blood pressure (SBP) and diastolic blood pressure (DBP), mean arterial pressure 
(MAP), rate pressure product (RPP), Pulse pressure (PP) along with short term Heart rate variability (HRV) 
parameters such as Time domain [RMSSD, NN50, pNN50] and frequency domain parameters [Total power (TP), 
Low frequency (LF), High frequency (HF), normalized LF (LFnu), normalized HF (HFnu)] were measured. 

Results: Our study observed significant decrease in mean body weight (63.33±5.26) and BF% (10.13±1.91) in 
athletes when compared to non-athletes. We also observed significantly lesser resting DBP (70), HR (65.69±6.14), 
MAP (85.84±6.43) and RPP (8128±876) in athletes. Significant decrease in HR and DBP demonstrates better 
adaptability and more influence on parasympathetic activity. HRV analysis demonstrated an increased in RMSSD 
(68.94±41.9), SDNN (58.20±31.62) and pNN50 along with higher TP (2021), HFnu (58.24±16.94) and decreased 
LFnu (40.80) and LH/HF (0.68) in athletes. Increased TP in athletes shows better ability of Autonomic modulation. 

RMSSD, SDNN, HFnu indicates better parasympathetic tone and lower LFnu indicates decreased sympathetic 
activity in athletes. Conclusion: Athletes had better body compostion marked by lesser BF% and had 
significantally better sympatho-vagal balance than Non-athletes. 
 
KEYWORDS: Heart rate variability, physical activity, anthropometric parameters, autonomic tone. 
 

http://www.ejpmr.com/


Arokiaraj et al.                                                               European Journal of Pharmaceutical and Medical Research 

 

www.ejpmr.com 

 

385 

India, Puducherry, who play or train for 30 – 40 
mins/day for 4-5 days/week and had represented State or 
National level events and in the age group between 18 – 
30 were recruited into the Athlete group (n=45). Men 

who are not individualized in any regular form of 
physical activity training, but may practice recreational 
exercise with BMI between 18 -25, in the same age 
group were recruited as Non-athletes (n=15). After 
explaining the study procedure, written consent from the 
participants was obtained. 

 

Anthropometric measurements 
All the parameters were recorded in the Obesity 
Research lab, Department of Physiology, JIPMER, 
Puducherry, between 8 AM to 11 AM. Participants were 
asked to refrain from heavy physical activity for 24 hours 

and from consumption caffeinated beverages or any 
stimulant drinks for 12 hours before the recording. 
Anthropometric measurements were measured by 
following the instructions given in the Heath-Carter 
Anthropometric Somatotype Instruction Manual

 [14]
. 

Height was measured using a wall-mounted stadiometer 

accurate to the nearest 0.1 cm. Weight using a digital 
weighing scale accurate to the nearest 0.1 kg with 
minimal clothing. Waist and Hip circumference was 
measured using flexible tape. Skinfold thickness was 
measured from four sites (triceps, subscapular, 
supraspinale, and abdomen) on the right side, using a 

Harpenden skinfold Caliper. All measurements 
were taken thrice, accurate to the nearest 0.1 mm, and 
the average of the three recordings was used for 
analysis. Body fat % was calculated using Jackson and 
Pollock’s 4 site skin fold equation

[15]
, Lean mass was 

calculated using the formula: 

Lean mass= Weight in Kg x (1.0 – (Body fat%/100)). 
 

Blood pressure measurement 

Heart Rate (HR), Systolic blood pressure (SBP), 
Diastolic blood pressure (DBP) was recorded in the 
sitting posture three times after a period of comfortable 

rest, with 5-minute interval between the recordings. 
Automated BP monitor, Omron, HEM 7203 model 
(omron Healthcare Co., Kyoto, Japan) was used for the 
recording. The average of these three recordings was 
taken as final. Rate Pressure product (RPP) and Mean 
arterial pressure (MAP) was calculated using the 

formula,  
RPP=SBP x HR.  
MAP= ((2*dbp) +sbp) /3  
 

HRV recording 

Short term HRV was recorded following the 

recommendations of the Task Force on HRV.
[16]

 After 

ten miutes of supine rest, lead II ECG was acquired using 
Bioharness,at the rate of 200 samples/second for 10 
minutes. The artefacts and ectopic from the RR interval 
series were excluded. Five-minute RR interval series was 

selected and analysed for HRV using Kubios HRV 
(Version 2.0 software,Bio-signal analysis Group, 
Finland. The frequency spectrum components were 
analysed using fast Fourier transformation and the results 
were given as spectral power in ms

2
. The frequency 

spectrum parameters such as Total spectral power, Very 

low frequency (VLF: 0.003 Hz to 0.04 Hz), low 
frequency (LF: 0.04 Hz to 0.15 Hz) and high frequency 
(HF: 0.15 Hz to0.4 Hz) were obtained. Calculated 
parameters like normalized units of low frequency power 
(LFnu = LF X 100/ (TP–VLF), normalized units of high 
frequency power (HFnu = HF X 100/ (TP–VLF) and 

LF/HF ratio (ratio of LF power to HF power) were 
obtained.

[17]
 Time domain components were analysed for 

the RR time interval and the results were given as the 
standard deviation of RR intervals (SDNN), root mean 
square of successive RR intervals (RMSSD), successive 
RR interval differing more than 50 ms (NN50).  

 
Statistical analysis 
Continuous variables such as age, BMI, Anthropometric 
parameters, Heart rate variability and blood pressure  

were expressed as Mean with Standard deviation or 
Median with a range based on the normality of the data. 

The Normality of the distribution was tested by using the 
Kolmogorov Smirnov test. The comparison of 
Anthropometric parameters, Heart rate variability and 
blood pressure between the groups was carried out by 
using Independent student’s t test or Mann Whitney U 
test. The linear relationship of Anthropometric 

parameters, Heart rate variability and blood pressure 
with age, BMI and Body fat was carried out by using 
Pearson’s and Spearman’s correlation analysis. All 
statistical analysis was carried out at 5% level of 
significance and P<0.05 was considered as significant. 
 

RESULTS 

The autonomic function was assessed by the time 
domain (SDNN, RMSSD, pNN50 and Mean HR), 
frequency domain (HF, LF, LFnu, HFnu, TP and LF/HF) 
and blood pressure (SBP, DBP, MAP, RPP, PP) 
variables. The body composition parameters like BMI, 

BF%, Lean mass, waist/hip ratio, were also evaluated. 
Anthropometric parameters (Table1) showed statistically 
significant difference between athletes and non-athletes 
for the body height (P<0.05), BF % (P<0.01) and BMI 
(P<0.01) but not for body weight and lean body mass. 

 

Table 1: Comparison of Anthropometric parameters between athletes and non-athletes. 

Variables Athletes(n=45) Mean±S.D. NonAthletes (n=45) Mean±S.D P value 

Age(years) 22.11±4.09 23±3.65 0.459 

Height(cms) 175.16±8.07 167±8.33 0.003 

Weight(kgs) 63.33±5.26 66.13±5.47 0.082 

B.F.% 10.13±1.91 16.34± 2.58 0.000 
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Lean body mass 60.93± 7.70 57.98± 8.4 0.244 

WHR 0.84 ± 0.40 0.88 ± 0.24 0.001 

BMI(kg/m
2
) 20.698± 1.80 23.52± 1.17 0.000 

 
Data presented here are in Mean± S.D. (P<0.05) was 
considered stastically significant. WHR- Waist Hip 
Ratio. BMI- Body Mass Index.  
 

Results from table 2 shows that, athletes displayed 
significant decrease in HR(65.69±6.14), DBP(70), 
MAP(85.84±6.43), RPP(8128±876) with P<0.05. In 

Time domain indices of HRV there was a significant 
increase in SDNN (58.20±31.62), RMSSD (68.94±41.9), 
NN50(121), pNN50 (36.80) with P<0.05. In frequency 
domain parameters, athletes recorded a much higher TP, 

VLF, LF, HF and HFnu (p<0.05) Significantly lower 
LFnu and LF/HF ratio was also observed in athletes 
compared to non-athletes. 

 
Table 2: Comparison of Blood pressure and HRV indices between athletes and non-athletes. 

Variables Athletes(n=45) Mean±S.D. NonAthletes (n=45) Mean±S.D P value 

HR(/min) 65.69± 6.14 70.06± 6.70 0.036 

SBP(mmHg) 120* 120* 0.589 

DBP(mmHg) 70* 75* 0.003 

MAP 85.84± 6.43 90.42 ±5.89 0.018 

RPP(mmHg/min) 8128.49 ±876.27 8444±895.76 0.246 

PP 50* 46* 0.145 

SDNN 58.20 ±31.62 31.16 ±17.30 0.003 

RMSSD(ms) 68.94 ±41.9 24.03± 13.07 0.000 

NN50 121* 4* 0.000 

pNN50 36.80* 4* 0.000 

TP(ms
2
) 2021* 1551* 0.001 

VLF(ms
2
) 69* 142* 0.044 

LF(ms
2
) 752* 238* 0.002 

HF(m
2
) 1163* 138* 0.000 

LFnu 40.80* 60.20* 0.000 

HFnu 58.24± 16.94 36.62 ±15.10 0.000 

LF/HF 0.68* 1.44* 0.000 

 
Data expressed are Mean±SD, * -Median. P<0.05 was 

considered statistically significant. HR- Heart rate. SBP- 
Systolic blood pressure, DBP- Diastolic blood pressure, 
MAP –Mean arterial pressure, RPP- Rate pressure 
product, PP- Pulse pressure, SBNN- Standard deviation 
of normal to normal interval, RMSSD-The square root of 
the mean of the sum of the squares of normal interval, 

NN50 –The number of interval differences of successive 
NN interval>50, pNN50 – The proportion derived by 
dividing NN50 by the total number of NN intervals. TP- 

Total power, LF- Low frequency power, HF- High 

frequency power, LFnu- Normalised LF power, HFnu- 
Normalised LF Power, LF/HF- Ratio of LF to HF power. 
 
Pearson’s and Spearman’s Correlation analysis (table 3) 
revealed significant correlation of. BF% and BMI only 
for HF power (P<0.05). No significant correlation was 

observed in non- athletes with respect to BF% and BMI 
(table 4). 
 

 

Table 3: Correlation of Body fat%, and BMI with Heart rate variability indices of athletes. 

Variables 
BF(N=45) BMI (N=45) 

Correlation Statistical Significance Correlation Statistical Significance 

SDNN
¥
 -.136 .373 -.089 .560 

RMSSD
¥
 -.182 .232 -.111 .469 

NN50
¥
 -.256 .090 -.159 .298 

PNN50
¥
 -.264 .080 -.170 .264 

TP
₻

 -.254 .092 -.281 .062 

VLF
₻

 -.262 .082 -.208 .171 

LF
₻

 -.188 .216 -.285 .058 

HF
₻

 -.323
*
 .030 -.295

*
 .049 

LFnu
¥
 .197 .195 .101 .509 

HFnu
¥
 -.251 .096 -.139 .363 

LF_HF
₻

 .285 .058 .185 .223 

*- Correlation is significant at the 0.05 level of significance 
¥ - Pearson correlation; ₻ - Spearman correlation 
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Table 4: Correlation of Body fat%, and BMI with Heart rate variability indices of non- athletes. 

Variables  

BF(N=15) BMI (N=15) 

Correlation Statistical 

Significance 

Correlation Statistical 

Significance 

 SDNN
¥
 .340 .215 .008 .978 

RMSSD
¥
 .312 .257 .014 .960 

NN50
¥
 .317 .249 -.023 .935 

PNN50
¥
 .315 .254 -.015 .958 

TP
₻

 .193 .491 -.113 .689 

VLF
₻

 .232 .405 -.309 .262 

LF
¥
 .312 .258 .100 .723 

HF
₻

 .011 .970 -.340 .216 

LFnu
₻

 -.039 .889 .236 .397 

Hfnu
¥
 .027 .925 -.271 .328 

LF_HF
¥
 .149 .597 .206 .461 

*.- Correlation is significant at the 0.05 level of significance 
¥ - Pearson correlation; ₻ - Spearman correlation 
 

DISCUSSION  
Our study demonstrates that there was a decrease in body 
weight and BF% in athletes when compared to that of 
non-athletes. This observation goes in accordance with a 
study which has demonstrated that, PA positively affects 
body composition and produce statistically significant 

changes in body fat percentage.
[18,19]

 This significant 
reduction in BF% could be due to the rigorous PA by the 
athletes. We observed a significant decrease in DBP, HR, 
MAP and RPP, in athletes compared to that of non-
athletes. Similar results were also observed in earlier 
studies which found a significant decrease in BP and 

HR.
[20]

 Resting HR is mainly determined by the 
parasympathetic nervous system (PNS) and DBP which 
are the function of peripheral vascular resistance 
(PVR).

[21]
 Decrease in HR and DBP demonstrates a 

better adaptability and more influence on 
parasympathetic activity, thereby indicating an improved 

autonomic tone.
[22]

 MAP refers to the mean arterial 
pressure throughout the cardiac cycle. In our study the 
athletes exhibited a decrease in DBP, MAP, and HR, 
which indicates an increase in parasympathetic actaivity 
and decrease in sympathetic activity. When compared to 
non-athletes, athletes had better PP which is an 

indication of better tissue perfusion.
[23-24]

 In our study the 
athletes exhibited decreased sympathetic activity and an 
increased parasympathetic activity, indicating a better 
parasympatho-dominance. 
 
Athletes displayed higher RMSSD, SDNN and pNN50 in 

time domain analysis of HRV. In frequency domain 
analysis, higher TP, HFnu and a lower LFnu and LH/HF 
ratio was observed. This goes in concordance with a 
study in athletes of different sports, which has 
demonstrated that athletes exhibit a better HRV and 
parasympathetic cardiac adaptation.

[25-26]
 Higher TP in 

athletes is indicative of a better Autonomic modulation. 
Higher RMSSD, SDNN, HFnu indicates better 
parasympathetic tone and lowers LFnu indicates 
decreased sympathetic activity in athletes. Few studies 
didn’t find this positive effect on the autonomic 
modulation.

[27-30]
 Our study demonstrates that, athletes 

had better autonomic tone marked by parasympathetic 
dominance which enabled them to undergo physical 
challenges in a better way when compared to non-
athletes. In athletes, the sympathovagal balance was 
altered in response to different intensities and duration of 
aerobic training. Overall, our study demonstrates that 

athletes had better anthropometric and autonomic tone, 
which can be attributed to the physical training they 
undergo. Hence our study recommends that the PA is 
beneficial for our overall health. 
 
CONCLUSION 

Our study demonstrates that structured physical activity 
leads to better body composition and better 
sympathovagal balance, enabling athletes to meet 
physiological challanges in a better way than non-
athletes. 
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