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HEART RATE VARIABILITY IN INDIAN OBESE YOUNG ADULTS 
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Background: Obesity which is characterised by haemodynamic and metabolic alterations has 
become an epidemic problem. In obese children and adults it is shown that there is autonomic 
dysfunction. The objective of this study was to assess Heart Rate Variability (HRV) in obese 
Indian young adults and to establish association between HRV indices and obesity indices. 
Methods: This study included 60 young adult subjects in the age group 18–20 years. According to 
BMI subjects were classified into obese group (BMI ≥25 Kg/m2) and normal weight group (BMI 
18–22.9 Kg/m2). Obesity indices like Waist Circumference, Hip Circumference, Waist Hip Ratio, 
Waist Stature Ratio and Body Fat percentage were measured and calculated. ECG was recorded in 
each subject in lead II for 5minutes using PowerLab® system and analysis was done using HRV 
module LabChart® 7.1 software. Results: There was significant increase in the mean heart rate, 
LF (nu) and LF/HF ratio whereas SDNN, SDANN, rMSSD, pNN50, Total power, HF(AV) and 
HF (nu)were significantly lower (p<0.05) in obese group. Pearson’s correlation analysis showed 
significant correlation between HRV and obesity indices. On regression analysis BMI was the 
major predictor for HRV variations. Conclusions: The study demonstrates decrease in overall 
HRV. The HRV indices indicating sympathetic activity were increased whereas those indicating 
parasympathetic activity were decreased in obese young adults showing autonomic imbalance in 
them. BMI was the major predictor for HRV variations. 
Keywords: Obesity, Obesity indices, Heart rate variability, Autonomic functions 

INTRODUCTION 
Obesity is a nutritional health problem which is 
gradually increasing and affecting all sections of 
population viz children, adolescents and adults. 
According to WHO documents one billion people are 
overweight and 300 million are obese worldwide. 
Epidemiological data shows that prevalence rates are 
increasing not only in industrialised countries but 
also in developing countries especially in the 
adolescent population. Obesity is on rise in our 
society due to socioeconomic developments leading 
to change in lifestyle particularly dietary pattern.1,2 
Obesity is characterised by haemodynamic and 
metabolic alterations. Obese individuals have higher 
prevalence of many diseases like coronary heart 
disease, hypertension, hyperlipidemia and diabetes 
mellitus. All these diseases are preventable by 
changes in lifestyle of a person. 

The autonomic nervous system plays an 
important role, not only in   physiological situations, 
but also in various pathological settings such as 
diabetic neuropathy, myocardial infarction and 
congestive heart failure. Autonomic imbalance with 
increased sympathetic activity and reduced vagal 
tone has been strongly implicated in the 
pathophysiology of development of arrhythmias and 
sudden cardiac deaths.3–5 Among the different 
available non-invasive techniques for assessing the 
autonomic status, Heart Rate Variability (HRV) is a 
simple method to evaluate the sympathovagal 
balance at the sinoatriallevel.6 

HRV represents continuous fluctuations in 
heart rate. R-R interval variations in ECG represent 
beat to beat control of heart rate mainly by the 
autonomic nerve supply to heart. Thus HRV 
measured by power spectral analysis provides a 
quantitative marker of autonomic neural control of 
heart rate and has been shown to reflect 
cardiovascular health. Low HRV is associated with 
an increased risk of coronary heart disease7and 
sudden cardiac death.8 Time domain analysis of HRV 
uses statistical methods to quantify the variation of 
the standard deviation or the differences between 
successive R-R intervals. Frequency domain analysis 
of HRV enables us to calculate the respiratory 
dependent High Frequency (HF) and the Low 
Frequency (LF) powers. High frequency power is 
mediated by vagal activity,6,9 while low frequency 
power has been suggested to represent both 
sympathetic and parasympathetic activity but 
predominantly sympathetic modulation. Whereas 
LF/HF ratio mirror sympathovagal balance or reflect 
the sympathetic modulations.6,10,11 

It is shown  that in  obese  people, there  is  
reduction in  the  HRV reflecting a predominant 
sympathetic  influence  on  control of cardiac 
functions. HRV studies among adults and children 
with obesity have revealed inconsistent results 
including high12,13 and low14 sympathetic tones 
coupled with a reduction in vagal tone.12,14 It has also 
been shown in western studies on obese adults that 
weight loss reverses back to parasympathetic control 
of cardiac functions.15 While there are evidence of 
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significant changes in autonomic control of cardiac 
functions in obese children and adults, there is lack of 
information concerning changes in obese young 
adults and also studies regarding HRV in obese 
Indian population are very few. Hence present study 
was under taken with the aim of evaluating the 
resting cardiac autonomic nerve activity given by the 
changes in HRV analysis in healthy obese young 
adults.  

Specific objectives of the study were: a) To 
know the heart rate and HRV changes in healthy 
obese young adults; b) To compare the same with 
that in normal weight subjects; and c) To assess the 
role of different obesity indices in predicting the 
HRV changes. 

MATERIAL AND METHODS 
This cross-sectional study includes participants from 
first year medical students (n=150) of JSS Medical 
College, Mysore. They  were  requested  to  complete  
a  questionnaire  that  included  specific information  
on age, history of hypertension, cardiac or pulmonary 
diseases, tobacco and alcohol intake and  physical 
activity. Those  in  the  age group  of  <18 year and 
>22 year (n=2), doing regular exercise, with  the  
history of hypertension  (n=2) and pulmonary disease 
(n=1)  were  excluded from the study. Clinical 
examination was conducted on all subjects to rule out 
any systemic disorders. Thus 145 students were 
available for the study satisfying the inclusion and 
exclusion criteria. Weight to the nearest 0.5 Kg, 
Height, Waist circumference (WC) and Hip 
Circumference (HC) to the nearest 0.1 Cm were 
measured for each student according to standard 
procedures. Body Mass Index (BMI), Waist Hip 
Ratio (WHR) and Waist Stature Ratio (WSR) were 
then calculated. BMI was calculated by dividing 
weight in Kg by the square of the height in meters 
and the two WHR and WSR were calculated by 
performing appropriate divisions. Body Fat 
Percentage (BF%) was calculated using equation to 
predict percentage body fat from BMI.16 

BF%=63.7-864×(1/BMI)-12.1×Sex+0.12×Age+129×Asian 
×(1/BMI)-0.091×Asian×Age-0.030×African American×Age 

Where, Sex=1 for male and 0 for female; Asian=1 
and 0 for other races; African American=1 and 0 for 
other races; Age in yrs; BMI in Kg/m2 

Subjects were divided into two groups 
depending on their BMI, Obese group with BMI ≥25 
Kg/m2 (n=30) (male=17 and female=13) was 
considered to form the study group. Out of 115 
Normal weight students 30 (male=17 and female=13) 
were selected randomly using random number table. 
Thus the study consisted of two groups namely 
Obese and Normal weight with 30 subjects in each 

group. This sample size was estimated to be enough 
to detect a clinically relevant difference of 10% in the 
HRV parameters at 5% level of significance with 
80% power. 

The study was carried out in the Human 
Physiology Laboratory of Department of Physiology 
JSS Medical College, Mysore between 3 to 5 PM. 
After reporting, the subjects were asked to relax for 
15 minutes in supine posture. Then ECG was 
recorded for 5 minutes in lead II in supine position 
and breathing normally. ECG was recorded using 
Powerlab® 8/30, ML870 high performance data 
acquisition system with LabChart® 7.1 software for 
windows. Signal acquisition, storage and processing 
were performed on computer. The digitised ECG 
signals were analyzed on-line and simultaneously 
stored on removable hard disks for off-line 
verification. HRV analysis of ECG recordings was 
carried out using HRV module software for 
LabChart®. HRV module analyses beat to beat 
interval variation in ECG recordings by detecting the 
R waves from each ECG waveform and generating 
an R-R interval data for analysis. 

HRV analysis included time and frequency 
domain indices. Time domain indices in milliseconds 
includes SDNN– Standard Deviation of the all NN 
interval, SDANN– Standard Deviation of the average 
NN intervals calculated over short periods, usually 5 
minutes, rMSSD– square root of the mean of the sum 
of the squares of differences between adjacent NN 
interval, NN50– adjacent NN intervals that are 
greater than 50 ms, pNN50(%)– percentage of 
difference between adjacent NN intervals that are 
greater than 50 ms. Frequency domain indices 
includes TP (msec2)– Total power, variance of all NN 
intervals in msec2, VLF (msec2)– very low frequency 
band variation,  LF (AV) absolute values in msec2 
and in normal units (nu)– low frequency band 
variation, HF-AV in msec2 and in nu– High 
frequency band variation, LF/HF ratio. 

The study was approved by the Institutional 
Ethical committee of JSS Medical College, Mysore. 
Subjects were explained about the purpose of the 
study, the study protocol and the informed consent 
was obtained.     
Statistical Analysis: 
Statistical analysis were performed using Microsoft 
excel and SPSS 17 software. In order to compare 
physical characteristics, time domain and frequency 
domain of HRV indices between the groups mean 
and standard deviation of the same were estimated 
and the significance of the difference between the 
two groups was tested by applying Student’s t-test for 
independent samples. Pearson’s correlation 
coefficients were estimated to quantify the linear 
relationship between the indices of obesity and HRV 
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indices. Subsequently the significant indices of 
obesity were selected to fit the linear regression on 
HRV indices. Simple linear regressions were fit to 
know the role of individual parameters followed by 
multiple regressions to find the role of significant 
parameters collectively in prediction of HRV indices. 

RESULTS 
The present study included 60 subjects (30 in obese 
group and 30 in Normal Weight groups) in the age 
group of 18–22 years. The Physical characteristics of 
the two groups are shown in Table-1. There was no 
significant difference in the mean of age and height 
between the groups. There was significant difference 
in the mean of weight, WC, HC, WHR, WSR, BMI 
and percentage of body fat (p<0.05). WC in obese 
males and females was 94.27±9.04 and 87.04±7.17 
respectively, these values were more than the cut-off 
points for Indian population (cut-off points for male: 
>90 Cm and females: >80 Cm). The heart rate was 
significantly higher in obese group in comparison 
with normal weight group as shown in Table-2a. 
Time domain indices of HRV (Table-2a): 
SDNN (ms), SDANN (ms), rMSSD (ms) and pNN50 
(%) in obese group were significantly decreased 
when compared to normal weight group (p<0.05). 
NN50 (ms) was also less in obese group when 
compared to normal weight group however the 
difference was not statistically significant (p>0.05).  

Pearson’s correlation coefficient showed 
that SDNN, SDANN and rMSSD were negatively 
correlated with BMI and WSR which was statistically 
significant. They also showed negative correlation 
with WC, HC, WHR and BFP which was however, 
not statistically significant. pNN50 showed negative 
correlation with BMI, WC, WHR, WSR and BFP, 
however, it was not statistically significant. On 
simple linear regression analysis for those time 
domain indices which were significantly correlated 
with obesity indices, BMI explained 9.7% of 
variation in SDNN, 9.4% variation in SDANN and 
rMSSD, whereas WSR explained 6.5% of variation 
in SDNN and 11.4% variation in SDANN and 
rMSSD. On multiple regressions, it was found that, 
the predictive value of BMI and WSR taken together 
was 10–11% in prediction of any of the HRV indices. 
Frequency domain indices of HRV (Table-2b): 
TP, HF (AV) and HF (nu) were significantly lower in 
obese group when compared to normal weight group. 
VLF was also lower in obese group which was not 
statistically significant. LF (nu)– low frequency 
power in normalised units and LF/HF ratio were 
significantly higher in obese group. LF (AV) was 
also higher in obese group but was not statistically 
significant. 

Pearson’s correlation coefficient showed 
that all the indices of obesity except BFP were 
significantly correlated with Frequency indices of 
HRV. HF (AV) and HF (nu) were negatively 
correlated where as LF (nu) and LF/HF ratio were 
positively correlated. TP also showed negative 
correlation however it was not statistically 
significant. On simple linear regression analysis for 
these frequency domain indices which were 
significantly correlated with obesity indices, the 
percentage variation explained by different obesity 
indices individually varied from 8 to 12 in case of LF 
(nu), 9 to 17 for HF (AV), 8 to 11 for HF (nu) and 10 
to 15 for LF/HF ratio. By and large, WSR was most 
important individual parameter in prediction of the 
HRV indices followed BMI. In multiple regression 
analysis, it was found that the significant obesity 
indices taken together were responsible for 24 
percent of variation in case of HF (AV) followed by 
17% in case of LF (nu) and LF/HF ratio and 12% in 
case of HF (nu). 

Table-1: Physical Characteristics of the two 
groups 

Parameters 
Normal weight 

(Mean±SD) 
Obese 

(Mean±SD) p-value 
Age (Year) 18.4±0.61 18.1±0.80 0.155 
Weight (Kg) 57.8±8.04 80.4±12.35 <0.001 
Height (m) 1.68±0.11 1.67±0.07 0.775 
BMI (Kg/m2) 20.4±1.37 28.6±3.06 <0.001 
BFP (%) 20.7±5.93 31.0±6.20 <0.001 
Waist C (Cm) 76.0±6.60 92.2±10.14 <0.001 
Hip C (Cm) 92.0±4.20 105.7±8.61 <0.001 
WHR 0.83±0.05 0.87±0.05 <0.001 
WSR 0.45±0.04 0.55±0.05 <0.001 

Table-2a: Heart rate and Time domain indices of 
HRV for the two groups 

Parameters 
Normal weight 

(Mean±SD) 
Obese 

(Mean±SD) p-value 
HR (bpm) 79.3±8.36 84.3±9.48 0.033 
SDNN (msec2) 70.1±21.22 54.8±17.16 0.003 
SDANN (msec2) 57.1±23.35 40.4±18.03 0.003 
rMSSD (msec2) 57.0±23.28 40.3±17.99 0.003 
NN50 (msec2) 76.0±41.53 60.5±49.29 0.193 
PNN50 (%) 28.1±15.88 18.9±15.10 0.025 

Table-2b: Frequency domain indices of HRV 
between the two groups with p-value for 

significance of difference. 

Parameters 
Normal weight 

(Mean±SD) 
Obese 

(Mean±SD) p-value 
TP (msec2) 4824.6±1864.58 3847.2±1555.40 0.032 
VLF (msec2) 1333.8±806.80 979.2±660.49 0.068 
LF(AV) (msec2) 1862.8±919.75 1975.7±1118.75 0.671 
LF (nu) 48.9±17.85 59.5±15.58 0.018 
HF(AV) (msec2) 1535.7±916.62 841.2±576.14 0.0009 
HF (nu) 41.4±15.19 32.2±12.15 0.013 
LF/HF 1.2±0.64 2.4±1.69 0.001 
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Table-3: Pearson’s correlation coefficient between 
Obesity indices and Time and Frequency domain 

indices of HRV 
Parameters BMI WC HC WHR WSR BFP 
HR 0.08 0.05 0.04 0.05 0.14 0.12 
SDNN -0.31* -0.16 -0.14 -0.15 -0.25* -0.24 
SDANN -0.34** -0.22 -0.20 -0.20 -0.31* -0.21 
rMSSD -0.34** -0.22 -0.20 -0.20 -0.31* -0.21 
NN50 -0.04 0.02 0.09 -0.13 -0.07 -0.11 
pNN50 -0.19 -0.10 -0.08 -0.13 -0.20 -0.18 
TP -0.22 -0.16 -0.10 -0.21 -0.18 -0.13 
VLF -0.09 0.02 -0.03 -0.04 -0.04 -0.19 
LF( AV) 0.03 0.03 0.08 0.03 0.04 0.17 
LF (nu) 0.32* 0.35** 0.28* 0.36** 0.33** 0.01 
HF( AV) -0.40** -0.37** -0.30* -0.37** -0.41** -0.21 
HF (nu) -0.32* -0.28* -0.24 -0.24 -0.33** -0.15 
LF/HF 0.39** 0.34** 0.31* 0.28* 0.39** 0.19 

*p<0.05, **p<0.01 

Table-4a:  Results of Simple linear regression 
analysis: Regression coefficient (β), Variation 

explained (R2) and p-value for significance of β 
Dependent 
variable Predictor β R2(%) p-value 

BMI - 1.35 9.70 0.02 SDNN WSR - 81.57 6.50 0.049 
BMI -1.58 11.40 0.008 SDANN WSR -106.27 9.40 0.02 
BMI -1.57 11.40 0.008 rMSSD WSR -106.01 9.40 0.02 
BMI 1.16 10.00 0.014 
WC 0.51 12.00 0.007 
HC 0.50 7.60 0.033 

WHR 117.50 7.50 0.033 
LF(nu) 

WSR 90.36 11.00 0.009 
BMI -70.78 16.20 0.001 
WC -26.43 13.80 0.003 
HC -26.39 9.30 0.018 

WHR -5847.40 13.80 0.003 
HF(AV) 

WSR -5315.09 16.70 0.001 
BMI -0.95 9.90 0.014 
WC -0.34 7.60 0.033 HF(nu) 

WSR -73.97 10.90 0.009 
BMI 0.11 15.20 0.002 
WC 0.04 11.60 0.008 
HC 0.04 9.60 0.016 

WHR 7.18 12.80 0.005 

LF/HF 
ratio 

WSR 8.44 15.20 0.002 

Table-4b: Results of Multiple regression analysis: 
percent variation explained (R2%) and p-value for 

significance 
Dependent 
Variables Predictors R2(%) p-value 
SDNN BMI, WSR 10 0.044 
SDANN BMI, WSR 11 0.032 
rMSSD BMI, WSR 11 0.032 
LF(nu) BMI, WSR, WC, HC, WHR 17 0.067 
HF(AV) BMI, WSR, WC, HC, WHR 24 0.010 
HF(nu) BMI, WSR, WC 12 0.073 
LF/HF BMI, WSR, WC, HC, WHR 17 0.065 

DISCUSSION 
During normal sinus rhythm, the heart rate varies 
from beat to beat. Heart rate variability (HRV) results 

from the interplay between the various physiological 
mechanisms that regulate the heart rate. Since short-
term heart rate regulation is predominantly governed 
by sympathetic and parasympathetic neural activity, 
by examination of heart rate fluctuations normal 
functioning of the autonomic nervous system can be 
tested. There are different measures of HRV– Time 
domain indices, Frequency domain indices and also 
non-linear techniques. Time domain analysis of heart 
rate variability uses statistical methods to quantify the 
variation of the standard deviation or the differences 
between successive RR intervals. Frequency domain 
analysis of heart rate variability enables us to 
calculate the respiratory dependent high frequency 
variations.6,17 

The present study shows that the heart rate 
was significantly higher in obese young adults. 
Higher heart rate is a marker of relative sympathetic 
dominance and is an independent marker of mortality 
in a wide spectrum of conditions.18 The study also 
shows that in obese young adults SDNN, SDANN 
and TP were significantly lower indicating decrease 
in overall HRV in young adults. Thus the study 
confirms the high prevalence of alterations in HRV in 
obese individuals as shown in earlier studies on obese 
children,19 adolescents20 and adults.21,22 Reduced 
heart-rate variability is a marker of sympatho-vagal 
imbalance.6 Time-domain measures of heart-rate 
variability, SDNN and SDANN reflect both 
sympathetic and parasympathetic modulation of heart 
rate and reduced SDANN and SDNN values usually 
indicate relative sympathetic dominance.23 
Furthermore, in prospective studies reduced heart-
rate variability has been shown to be the strongest 
independent predictor of the progression of focal 
coronary atherosclerosis.24 Decreased HRV could 
partly account for the higher cardiovascular risk and 
incidence of sudden death8 in obese persons. 

Our results suggests that in obese young 
adults there was decrease in rMSSD, NN50, pNN50 
of time domain indices and HF component of 
frequency domain indices which mainly assess the 
parasympathetic activity to heart  indicating lower 
parasympathetic activity in obese young adults. 
These findings are in similar to other studies which 
demonstrated that obese persons have decreased 
parasympathetic nerve activity.12,14,25 The exact 
mechanism that may cause impairment of 
parasympathetic nerve function has not yet been 
clearly established. Obesity is said to be a state of 
impaired glucose tolerance, hyperinsulinemia and 
insulin resistance. Acute insulin administration has 
been shown to reduce high-frequency power, a 
measure of respiratory sinus arrhythmia, during 
euglycemic hyperinsulinemia in normal-weight and 
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obese subjects.26,27 Thus, hyperinsulinemia may 
contribute to low cardiac vagal activity.28 

The present study also shows that obese 
young adults have higher LF and LF/HF ratio 
components of frequency domain indices which 
mainly measure the sympathovagal balance to heart 
reflecting an increase in sympathetic nerve activity in 
these persons. The LF/HF ratio has been proposed to 
be an accurate measure of the overall sympathovagal 
balance of the autonomic nervous system in which 
higher values indicate a more sympathetically driven 
cardiovascular system.19,29 Earlier studies on 
sympathetic nerve activity in obese persons have 
produced conflicting results. Some studies have 
shown decrease14,30,31 and some increase in 
sympathetic activity in obesity.12,13,32 Measurements 
of plasma and urinary catecholamine concentrations 
as indices of sympathetic nervous system activity 
have ranged from low through normal to high.14,33,34 
Sympathetic nerve activity in skeletal muscle was 
increased in obese subjects but skin sympathetic 
nerve activity was not significantly different.35 
Insulin and leptin levels are elevated in obesity. Thus 
increased insulin and leptin levels are thought to 
increase sympathetic nervous system activity.20,36,37 

Correlation analysis between the obesity 
indices and HRV indices in this study showed that 
the time domain indices of HRV was significantly 
correlated negatively with overall obesity measured 
by BMI and WSR than the central obesity  measured 
by WC, HC and WHR. In frequency domain indices 
LF component and LF/HF ratio were positively 
correlated whereas HF component was negatively 
correlated with both overall as well as central obesity 
indices. BFP was also negatively correlated with 
overall HRV and HF component which was not 
significant. There was also weak positive correlation 
between BFP and LF component, LF/HF ratio. Age 
and sex matched regression analysis showed that 
BMI was the major determinant for the changes in 
both time domain and frequency domain indices. 
WSR was the next important predictor for the time 
domain indices whereas for the frequency domain 
indices it was WC and WHR. 

Obese persons may suffer from an increased 
mortality risk due to cardiovascular disorders related 
to either continuously lowered parasympathetic or 
altered sympathetic activation. Early detection and 
management by weight reduction and regular 
exercise can reduced the risk as these are shown to 
increase HRV.15,38,39 HRV analysis can detect 
changes even before clinical signs appear.6 Thus 
regular assessment of HRV measures can be used as 
a biomarker for early detection and subsequent 
management of cardiovascular diseases in obese 
individuals. 

We acknowledge some of the limitations in 
our study. The primary limitation of the work 
presented is of small sample size. Thus broad 
generalisations of the results to larger populations 
cannot be done. Secondly the metabolic status and 
insulin resistance were not measured which could 
have given an account of metabolic activity in obese 
persons which could be responsible for HRV changes 
in them. 

CONCLUSION 
The present findings demonstrate decreased HRV, 
higher sympathetic and lower parasympathetic nerve 
activity in obese subjects. HRV indices were 
significantly associated with obesity indices. BMI 
was the major determinant for the changes in both 
time and frequency domain indices. Thus time and 
frequency domain analysis of the HRV in obese 
young adults shows imbalance in the autonomic 
neural activities to the heart. 
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