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Abstract

Objective: Cardiac autonomic function assessed by heart

rate variability (HRV) is a non-invasive, quantitative,

and reliable marker of measurement. An altered cardiac

autonomic function among overweight individuals

predisposes them to a greater risk of developing cardio-

vascular diseases. The present study aims to determine

the correlation between physical activity, cardiorespira-

tory fitness and heart rate variability among young

overweight adults.

Methods: A total of 45 participants (23 men and 22

women) were enrolled in the cross-sectional study with

inclusion criteria as follows: aged between 18e30 years,

body mass index (kg/m2) between 25e29.9 kg/m2, and

without any known or diagnosed medical condition.

Physical activity level and cardiorespiratory fitness were

measured using the Global Physical Activity Question-

naire and Bruce treadmill protocol test, respectively.

Cardiac autonomic function was measured using a 5-min

short-term heart rate variability recording. The time and

frequency domain measures of HRV were used for

analysis.

Results: The mean age of study participants was

22.53 � 1.58 years and mean body mass index was

27.38 � 1.51 kg/m2. Among young overweight adults,

cardiorespiratory fitness and physical activity were not
y. This is an open access article under the CC BY-NC-ND license

016/j.jtumed.2021.11.011

mailto:vaishali.kh@manipal.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jtumed.2021.11.011&domain=pdf
www.sciencedirect.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jtumed.2021.11.011
https://doi.org/10.1016/j.jtumed.2021.11.011
https://doi.org/10.1016/j.jtumed.2021.11.011


M. Nataraj et al. 305
correlated with Root mean square of successive RR in-

terval differences, Percentage of successive RR intervals

that differ by more than 50 ms, and Ratio of LF [ms2]/

HF [ms2].

Conclusion: The study found no correlation between

physical activity and cardiorespiratory fitness with heart

rate variability among young overweight individuals.

Keywords: Adiposity; Autonomic nervous system; Exercise;

Exercise capacity

� 2021 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

The public health concern of obesity has escalated from
its previous global prevalence of 26.5% (1980) to 39%
(2016), an alarming 50% increase over the last 35 years.1

Obesity,2 which is an endocrine disorder links multiple
organ systems of the body. The physical and mental health
of an individual is determined by the adequate release of

hormones and balance of the autonomic nervous system.
Any underlying cardiometabolic disturbance alters the
normal trajectory of the cardiac autonomic functioning in
the body, which has health implications.3e5 Assessment of

cardiac autonomic function (CAF) through heart rate
variability (HRV) measurement is regarded as a simple,
non-invasive, and reliable method.6,7

The risk of coronary heart disease, atrial fibrillation, sud-
den cardiac death, and overall mortality is increased in the
event of low heart rate variability among the general popula-

tion.3 The regularisation of CAF through improved physical
activity (PA) and cardiorespiratory fitness (CRF) has been
observed and reported among physically active, normal-

weight individuals.8e11 Sedentary lifestyle predominates
among overweight and obese individuals and contributes
largely to cardiac autonomic dysfunction.9 Interestingly, a
10% weight gain over initial body weight was reported to

decrease parasympathetic tone and increase sympathetic
tone among a group of non-obese individuals.12,13 The
evidence on how increasing adiposity may affect CAF

among overweight and obese individuals is worth exploring.
A plausible understanding of this relationship can help in the
early identification of cardiac autonomic changes in clinical/

healthcare settings by healthcare staff that is trained to
interpret these findings. It may aid in optimal planning and
devising of cost-effective strategies through lifestyle modifi-
cation programs, behavioural change, and adoption of PA to

improve CRF of individuals or groups at large.
A study by Tonello et al. reported a significant correlation

between cardiorespiratory fitness and incidental or non-

exercise-based PA with HRV among its study participants
(overweight female workers).14 Moreover, a study by
Triggiani et al. observed a significant inverted U-shaped

curve fitting the distribution of HRV parameters along
with body fat percentage among its study participants
(healthy women).15 The evidence from such studies on

overweight individuals shed light on how HRV transitions
from individuals with a normal weight to those with high
grades of obesity.

In this regard, there is a scarcity of evidence and literature
focusing on the relationship between PA, CRF and HRV
among young overweight individuals. For clarity, further
research into the interactions between these variables is

needed. Thus, the aim of the present study was to determine
the correlation between PA, CRF and HRV among young
overweight individuals.

Materials and Methods

Study design and setting

A cross-sectional study was conducted at the Cardiopul-
monary Physiotherapy Laboratory of Kasturba Hospital,
Manipal, Karnataka, India.

This study adhered to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guide-
lines and the Declaration of Helsinki. The study was con-
ducted from 11/07/2018 to 15/03/2019 (for approximately 8

months).

Participant recruitment and selection criteria

The research was verbally advertised to potential partici-
pants residing intheUniversitycampusofManipalAcademyof
Higher Education, Karnataka, India. A total of 71 individuals

consented to participate. A detailed screening process is shown
in a flow diagram (Figure 1). Out of the 71 individuals, only 45
participants were found to be eligible and enrolled in the study.

The participants belonged to either gender, had a body mass
index (BMI) between 25e29.9 kg/m2, were aged between 18
and 30 years, and had low risk on the AHA/ACSM Health/
Fitness Facility Preparticipation Screening Questionnaire was

included in the study.17 The recruited participants were
University students studying in the campus. The exclusion
criteria were as follows: (i) any known diagnosis of (a)

diabetes mellitus or hypertension, (b) cardiovascular and
respiratory disorders, (c) neurological disorders, (d) metabolic
diseases, (ii) use of alcohol or any type of prescribed

medication, or a smoking history; and (iii) consumption of
caffeine beverages 12 h before the HRV recording.

Data collection

Demographic data such as age, sex and medical history
were collected. Anthropometric measurements were calcu-

lated using a fixed stadiometer (height) and the Tanita elec-
trical impedance scale (Tanita BC-573 - Tanita Health
equipment HK Limited, Tokyo, Japan; weight and body fat
percentage (kg)). The waist circumference of the study

http://creativecommons.org/licenses/by-nc-nd/4.0/
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participants was measured in the standing position at the
level of the umbilicus using a measuring tape. An automatic

blood pressure monitor (HEM-7124 IN) was used to mea-
sure the systolic and diastolic blood pressure of the study
participants. However, before recording the HRV, blood

pressure was measured twice and the average of the two
measurements was taken for analysis (Table 1).

Measurement of heart rate variability (HRV)

A quiet room with a temperature maintained between
22 �C and 24 �C was used to record HRV. Participants were
familiarised with the laboratory procedures, thus ensuring

that they remained completely relaxed during the recording
phase. The participants remained in supine position for 20
minutes to allow relaxation. HRV was measured with a

sampling rate of 1024 Hz using the lead II electrocardiogram
signal transmitted via an analogue digital converter (Power
Lab, AD Instruments Pty. Ltd., New South Wales,

Australia). HRV was recorded for 15 min and the
5-min artifact-free section was analysed to obtain HRV time
and frequency domain parameters using the HRV V8 Anal-

ysis Software (Power Lab; AD Instruments). All recordings
were performed between 8 am and 11 am. The HRV mea-
surement procedure was conducted as per standard proto-
col.16 The time and frequency domain variables, that is,

frequencies between 0.04 and 0.4 Hz, which are considered
physiologically significant, were recorded.16 The HRV
variables recorded and analysed in the study were as

follows: under the time domaind1) standard deviation of
the ReR interval (SDNN), 2) root mean square of the suc-
cessive difference in ReR interval (RMSSD), and 3) a per-

centage of successive RR intervals that differ by more than
50 ms (pNN50); under the frequency domaind1) Very low
frequency (VLF), 2) low frequency (LF), 3) high frequency

(HF), and 4) the LF/HF ratio.

Measurement of physical activity (PA) level

PA was assessed using the WHOGlobal Physical Activity

Questionnaire (GPAQ) version 2.1, consisting of 16 ques-
tions that capture PA performed across various domains
such as work, transport, recreation, and leisure. The GPAQ

has been traditionally designed as an interviewer-
administered method and been used across different pop-
ulations to assess PA profiles of individuals. It has been

revalidated among the Asian and European adult pop-
ulations with a varying sample size ranging from 43 to 2657
across a vast age range (from 1579 years).17 Its short-term

test-retest reliability (10 days) ranges from 0.83 to 0.96 and
its long-term reliability (three months) ranges from 0.53 to
0.83.18 However, self-administration of the GPAQ has also
been accepted and reported. A study comparing the GPAQ

self-versus interviewer-based administration observed fair-
to-moderate correlation for moderate-to-vigorous PA
(MVPA) in self-administration (r ¼ 0.30) and interviewer-

administration (r ¼ 0.46).19
In the present study, the English language GPAQ was
used as a self-administered tool. The participants

self-reported their involvement across these domains, and
the final scores were manually calculated by the study in-
vestigators. The GPAQ is reported to be a suitable and

acceptable instrument for PA assessment.20

Measurement of cardiorespiratory fitness (CRF)

The Bruce Protocol with motorised Treadmill (Runner
7410, Runner Srl - Via G. di Vittorio, 391e41032, Cavezzo
(MO), Italy) was used to evaluate CRF, and the volume of
oxygen uptake (VO2 max) was computed using a regression

equation for men and women.21 The test termination criteria
were considered as per standard protocol.22 The present study
discusses CRF in terms of the VO2 peak only.

Statistical analysis

Statistical Package for the Social Sciences (SPSS) version

15.0, was used to compile and analyse the data (Version 15,
Released 2006; SPSS for Windows, Version 15, SPSS, Inc.,
Chicago, IL, USA). The sample size was calculated with an

estimation of 45 (Za ¼ 1.96, Zb ¼ 0.80, and an anticipated
correlation of 0.4). Descriptive statistics were used to describe
demographic characteristics. Data are presented as mean �
SD for continues variables and n (%) for categorical vari-
ables. Data were analysed using the ShapiroeWilk test to
assess if they were normally distributed. All HRV variables
were log-transformed to normalize the distribution of skewed

variables. Correlation tests were performed using either
Pearson product-moment or Spearman rank correlation co-
efficients based on the distribution of data to determine the

correlation between PA, CRF and HRV. A p-value < 0.05,
was considered significant.

Results

Of the 45 participants, 23 men and 22 women took part
in this study and were deemed overweight based on BMI

cut-offs above 25 and below 30. All participants
completed the tests and no adverse events were noted
during the exercise test. Figure 1 shows the recruitment of

the study participants. Table 1 describes the
characteristics of the study participants, where the mean
age was 22.5 � 1.58 years, weight was 75.92 � 8.99 kg,

and body fat percentage was 30.6 � 6.06%. Table 2
displays the characteristics of the HRV variables for the
study groups, absolute values, and log-transformed
values. No correlation were found between PA and any

variable of HRV, as shown in Table 3. No correlation
were found between CRF and any variable of HRV, as
shown in Table 4. The study found that neither PA

nor CRF had any significant correlation with any of
the time or frequency domains of HRV. Furthermore,
no significant associations were found between HRV

and heart rate recovery in 1 min (HRR1), waist
circumference, or body fat percentage.



Table 2: Characteristics of heart rate variability variables, both absolute and log transformed values, of the study participants.

HRV Variables Absolute values

Median (IQR)

Log Transformed

Mean � SD/Median [IQR]

SDNN 60.27 (47.56, 81.54) 1.77 � 0.16

RMSSD 46.22 (35.85, 85.96) 1.70 � 0.24

pNN50 26.97 (12.99, 44.59) 1.30 � 0.47

Total power 3265.43 (2111.73, 7243.57) 3.52 � 0.35

VLF (ms2) 1085.41 (610.98, 1879.44) 3.00 � 0.37

LF (ms2) 1027.67 (560.64, 1707.54) 2.96 � 0.36

HF (ms2) 891.82 (453.53, 2879.03) 3.00 � 0.47

LF/HF ratio 0.90 (0.50, 1.55) 0.04 (0.29,0.19)

Abbreviations: Frequency domain variables of Heart rate variability: VLF- Absolute power of the very-low-frequency band (0.0033e

0.04 Hz)e milli-second square, LF - Power in the low-frequency range (0$04e0$15 Hz), HF - Power in the high-frequency range (0$15e
0$4 Hz), LF/HF ratio -Ratio of LF [ms2]/HF [ms2].

Time-domain variables of HRV: SDNN- Standard deviation of NN intervals(ms), RMSSD- Root mean square of successive RR interval

differences(ms), pNN50- Percentage of successive RR intervals that differ by more than 50 ms (%).

Figure 1: Diagram of the flow of selection and continuity of study participants.

Table 1: Demographic characteristics of study population

(n [ 45 (men [ 23; women [ 22)).

Character Mean � SD/Median [IQR]

Age (Years) 22.53 � 1.58

BMI (kg/m2) 27.38 � 1.51

SBP (mm Hg) 117.42 � 8.88

DBP (mm Hg) 74.08 � 6.86

RHR (beats per minute) 78.82 � 8.17

VO2 peak (ml/kg/min) 46.55 � 7.59

METs min per week 900 [560,2400]

WC(cms) 86.55 � 6.44

WHR 0.80 � 0.05

WHtR 0.51 � 0.02

BFP (%) 30.57 � 6.06

Abbreviations: Body mass index (BMI), Body fat percentage

(BFP%), Diastolic blood pressure(DBP), Metabolic equivalent

(METs), Resting heart rate (RHR), Systolic blood pressur-

e(SBP), Volume of peak oxygen uptake (VO2 peak), Waist

circumference (WC), Waist Hip Ratio (WHR), Waist to Height

Ratio (WHtR).

Table 3: Correlation between physical activity and heart rate

variability.

HRV Variables Male Female

r p value r p value

SDNN 0.06 0.76 0.07 0.73

RMSSD 0.08 0.71 0.10 0.64

PNN50 0.02 0.90 0.11 0.61

Total Power 0.008 0.97 0.03 0.87

VLF 0.010 0.96 0.01 0.96

LF (ms2) 0.011 0.96 0.11 0.60

HF (ms2) 0.005 0.98 0.16 0.47

LF/HF ratio 0.10 0.64 0.24 0.26

Abbreviations: Frequency domain variables of Heart rate vari-

ability: VLF- Absolute power of the very-low-frequency band

(0.0033e0.04 Hz)e milli-second square, LF - Power in the low-

frequency range (0$04e0$15 Hz), HF - Power in the high-

frequency range (0$15e0$4 Hz), LF/HF ratio -Ratio of LF

[ms2]/HF [ms2].

Time-domain variables of HRV: SDNN- Standard deviation of

NN intervals(ms), RMSSD- Root mean square of successive RR

interval differences(ms), pNN50- Percentage of successive RR

intervals that differ by more than 50 ms (%).
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Table 4: Correlation between cardiorespiratory fitness and

heart rate variability.

HRV Variables Male Female

r p value r p value

SDNN 0.15 0.49 0.34 0.11

RMSSD 0.08 0.71 0.37 0.09

PNN50 0.14 0.52 0.34 0.12

Total Power 0.18 0.39 0.31 0.15

VLF 0.36 0.08 0.39 0.07

LF (ms2) 0.10 0.64 0.38 0.07

HF (ms2) 0.009 0.96 0.27 0.22

LF/HF ratio 0.04 0.82 0.01 0.93

Abbreviations: Frequency domain variables of Heart rate vari-

ability: VLF- Absolute power of the very-low-frequency band

(0.0033e0.04 Hz)e milli-second square, LF - Power in the low-

frequency range (0$04e0$15 Hz), HF - Power in the high-

frequency range (0$15e0$4 Hz), LF/HF ratio -Ratio of LF

[ms2]/HF [ms2].

Time-domain variables of HRV: SDNN- Standard deviation of

NN intervals(ms), RMSSD- Root mean square of successive RR

interval differences(ms), pNN50- Percentage of successive RR

intervals that differ by more than 50 ms (%).
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Discussion

This study aimed to correlate the relationship between

PA, CRF and heart rate variability among young over-
weight individuals. The study results showed that HRV
variables were not correlated with PA or CRF. Further-

more, log transformation of HRV variables did not have
any impact on the results of the study. A vast majority of
the study participants were highly physically active on self-
administered GPAQ, while only one-third reported being

moderately physically active. The participants recruited in
this study were predominantly students residing in the
campus, who were involved in some or the other form of

PA. This is suggestive of their minimal involvement in
sedentary behaviour patterns, even though they were clas-
sified as overweight based on their BMI values. Our study

highlights a clinically relevant observation that a higher
skeletal muscle mass or bone density value, may also
contribute to higher BMI scores suggesting overweight. This
drawback of BMI could be a major factor contributing to

our results, leading to a contrasting results from previous
research in the same area.14

The self-administered PA assessment using the GPAQ

showed no correlation with HRV, despite being a reliable
method. The likelihood of overestimation/exaggeration of
scores on self-administration is minimal as study partici-

pants understood the questionnaire and were very familiar
with the language. Hence, the subjective assessment method
of the PA assessment might not have influenced our study

findings.
The study found no correlation between CRF and HRV

among the participants. Previous studies of overweight in-
dividuals have reported a positive correlation between a few

HRV indices and CRF, indicating greater autonomic regu-
lation with a higher VO2 max. The VO2 max of most par-
ticipants in this study (90%) belonged to a good category

according to the ACSM’s classification,22 but the remaining
few dropped below the fair level. All the research
participants, during exercise test, met the full test
requirement for termination. However, we found no

correlation between CRF and any of the HRV indices.
The resting heart rate influences autonomic control, and a

higher resting heart rate is indicative of reduced para-

sympathetic activity.23e29 In the present study, the average
resting heart rate of overweight individuals was 70 beats
per minute. Also, CAF fluctuates throughout the day and

varies according to different activities, the regulation of
hormones and muscle mass in an individual. Assessment of
these variables were not performed in the present study,
which could have impacted our findings. Additionally, we

did not assess factors such as diet, stress, and sleep patterns
among the study participants as these may contribute to an
altered HRV. Although speculative, the lack of significant

correlation found in the present observational study may
indicate the need to conduct a detailed evaluation of HRV
by addressing all possible confounders.

The present study utilised existing and available re-
sources in the study setting to conduct the study. However,
for an objective assessment of PA, devices such as pe-
dometers and accelerometers may be utilised in future

research. Similarly, CRF may be assessed using the gold
standard metabolic analyser to estimate the volume of
oxygen uptake. HRV is influenced by several confounding

factors such as sleep, diet, stress, anxiety, hormone levels,
and metabolic biomarkers, which were not assessed in the
present study. Furthermore, it may be interesting to

explore gender-specific differences and associations on a
larger sample size to undertand HRV in overweight in-
dividuals. Longitudinal studies among young overweight

adults are needed to clarify the underlying relationship
between PA, CRF, adiposity, and HRV by controlling for
important confounders, and thereby targeting lifestyle in-
terventions to address the public health burden of car-

diometabolic diseases.

Conclusion

The study found no correlation between PA and CRF
with heart rate variability among young overweight adults.

Clinical assessment of HRV among individuals reporting
physical inactivity may help in the early detection of car-
diac autonomic dysfunction thereby enhance risk-
prevention strategies.
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25. Strüven A, Holzapfel C, Stremmel C, Brunner S. Obesity,

nutrition and heart rate variability. Int J Mol Sci 2021; 22(8):

4215. https://doi.org/10.3390/ijms22084215.

26. Porzionato A, Emmi A, Barbon S, Boscolo-Berto R, Stecco C,

Stocco E, et al. Sympathetic activation: a potential link between

comorbidities and COVID-19. FEBS J 2020; 287(17): 3681e

3688. https://doi.org/10.1111/febs.15481.

27. Soares FH, Furstenberger AB, Carvalho LC, Melo MY,

Lima JG, de Sousa MB. Can body mass index identify cardiac

autonomic dysfunction in women who are apparently healthy?

Women Health 2020; 60(2): 168e178. https://doi.org/10.1080/

03630242.2019.1613472.
28. Carvalho LP, Di Thommazo-Luporini L, Mendes RG,

Cabiddu R, Ricci PA, Basso-Vanelli RP, et al. Metabolic syn-

drome impact on cardiac autonomic modulation and exercise

capacity in obese adults. Auton Neurosci 2018; 213: 43e50.

https://doi.org/10.1016/j.autneu.2018.05.008.

29. QuerG,GoudaP,GalarnykM,TopolEJ, Steinhubl SR. Inter-and

intraindividual variability in daily resting heart rate and its asso-

ciations with age, sex, sleep, BMI, and time of year: retrospective,

longitudinal cohort study of 92,457 adults. PLos One 2020; 15(2):

e0227709. https://doi.org/10.1371/journal.pone.0227709.
How to cite this article: Nataraj M, Sinha MK, Bhat A,

Vaishali K. Correlation between physical activity,

cardiorespiratory fitness and heart rate variability

among young overweight adults. J Taibah Univ Med Sc

2022;17(2):304e310.

https://doi.org/10.1249/mss.0000000000001796
https://doi.org/10.5935/abc.20190097
https://doi.org/10.3390/ijms22084215
https://doi.org/10.1111/febs.15481
https://doi.org/10.1080/03630242.2019.1613472
https://doi.org/10.1080/03630242.2019.1613472
https://doi.org/10.1016/j.autneu.2018.05.008
https://doi.org/10.1371/journal.pone.0227709

	Correlation between physical activity, cardiorespiratory fitness and heart rate variability among young overweight adults
	Introduction
	Materials and Methods
	Study design and setting
	Participant recruitment and selection criteria
	Data collection
	Measurement of heart rate variability (HRV)
	Measurement of physical activity (PA) level
	Measurement of cardiorespiratory fitness (CRF)
	Statistical analysis

	Results
	Discussion
	Conclusion
	Source of funding
	Conflict of interest
	Ethical approval
	Authors contributions
	References


