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Background: Several studies have documented high incidence of cardiovascular and
metabolic disorders in obese individuals. However, scant and contradictory reports
are available in this context for the preobese people, especially in young adults.
Aims and Objectives: Therefore, present study was conducted to assess the effect
of high BMI (between 24-30) on the time & frequency domain measures of HRV in
normal healthy adult male subjects during resting and post exercise recovery period.
Materials and Methods: Healthy young male individuals with no history of any disease were
selected and divided in two groups (n=15 in each) on the basis of their BMI: (i) control
(BMI 19-24) & (ii) preobese (BMI 24-30). 15-20 mins of ECG recording was done in the
resting state and then till 30 mins after Harvard Step Test. Comparison between groups
was done using 2-tailed Mann-Whitney U-nonparametric test. Spearman’s Correlation test
was used to assess the correlation between BMI and HRV parameters for each group.
Results: During resting state, both groups had similar HRV/min. However, control subject
had higher parasympathetic tone (high RMSSD, pNN50 & HF) and low sympathetic tone
(low LF & LF/HF) as compared to preobese individuals. In the post exercise recovery
period of control BMI individuals, all the indices of sympathetic measures increased and
parasympathetic measures decreased significantly. However, no such changes were
observed in preobese group, except significant decrease in the HRV/min. Conclusions: The
blunted autonomic response in the post exercise recovery clearly indicates towards a
potential risk of cardiovascular compromise in preobese individuals.
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INTRODUCTION

Modern life style imposes various challenges to the
homeostasis of the body, the major challenges being less
physical activity and stressful work environment. These
factors lead to disturbed metabolic activity leading to
overweight and obesity. Obesity is defined by a body-mass
index (BMI) of 30 kg/m? or greater. Incidence of obesity
in young adults in India now has been identified as one
of the biggest precursor of many non-communicable
diseases' adversely affecting cardiovascular health of the
individual.?

The autonomic activity of individuals is known to be the
modulator of body weight by its ability to increase energy
utilization through activation of sympathetic limb in the
situation of higher energy intake. Assessment of ANS
activity can help to predict development of cardiovascular
diseases in people at risk.” This is often done by objectifying
beat-to-beat variation of heart rate from ECG tracing to
obtain an idea regarding autonomic influence on myocardial
activity. In fact, a reduction in Heart Rate Variability (HRV)
has been found to be an authentic mortality predictor in
diseases related to the heart, besides also acting similarly
in many other diseases. Several reports indicate association
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of high sympathetic and low parasympathetic activity with
increased BMI and weight.*®

Some studies have clearly reported absence of any
relationship between BMI and heart rate variability
(HRV) parameters in pre-obese and obese normotensive
adolescents.”” However, a negative correlation between
the waist circumference and RMSSSD & pNN50 has
been reported.” Another study on adolescent group also
showed that HRV do not vary during the resting conditions
regardless of age and BML® But on the other hand, several
studies have tried to establish relation between BMI and
cardiac autonomic response with change in HRV. Study on
adolescent gitls reported higher central fat causing higher
sympathetic and lower parasympathetic modulations which
are indicative of unfavourable HRV indices.” Another
study' not only suggested a relation between BMI and
sympathovagal balance, but also that genetic predisposition
influences this balance and may be responsible for the
inter-individual difference in the susceptibility to gain body
weight. Koenig et al'! also reported lower parasympathetic
activity with higher BMI; negative correlation of BMI
with RMSSD & pNN50 and suggested that BMI of non-
obese, healthy individual is related to the sympathovagal
balance. Therefore, these contradictory studies need clearer
explanations regarding vagally mediated modulation of
metabolism and thereby energy expenditure in human.

Besides, response of obese and overweight people to
exercise also show inconclusive results. The overweight
and obese people are shown to have suppression of the
post-exercise heart rate regulation.'” Individuals with higher
BMI show longer exercise induced sympathetic activity
resulting in decreased HRV with more noticeable change
in females.® While, others have suggested delayed return
of HRV toward baseline from maximal exercise in people
with greater skin fold which was independent of VO, max
and BML" Besides, regular physical activity does not only
improve fitness but also has positive effect on exercise
recovery. In this context, study shows that lower BMI
individuals have better exercise recovery."

Thus there exist confusion not only about extent of
involvement of sympathetic and parasympathetic
activity, but also information about detrimental effect of
these changes in people with more modest degrees of
overweight (i.e. people with higher BMI but not obese) is
lacking with only some studies pointing towards change in
sympathovagal balance.

Therefore, the purpose of this study was to assess the
changes in HRV measures and thereafter to analyse the
degree and nature of relationship between Body Mass
Index and HRYV indices in resting as well post exercise
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recovery to the standard Harvard Step Test (HST) in young
overweight (preobese) individuals.

MATERIALS AND METHODS

In this case-controlled prospective experimental
study, normal adult male human subjects (n=30)
of age 17 to 25 years were included. The study
was completely non-invasive with no interventions/
drug administration. Informed consent were obtained
from each subject following standard criteria/as per
ICMR norms. Ethical Committee permission was also
obtained from the host institution before initiating the
work and all the procedures followed were in accordance
with the ethical standards of the committee and with
the Helsinki Declaration of 1975, as revised in 1983.
The subjects were divided into two groups on the basis
of their BMI: (1) control (BMI between 19-24; n=15)
and (2) preobese (BMI between 24-30; n=15).A detailed
medical history of all the subjects was also taken to
meet the inclusion & exclusion criteria. Any subject with
hypertension/diabetes mellitus/respiratory diseases/any
other disease history which may affect their autonomic
function/history of any neurological or psychological
disorder/habits of smoking, alcohol consumption etc.
were excluded from the study.

Experimental design

The study was conducted under the standard laboratory
conditions (temperature 2612 °C) in a single session. After
assessment of general health and history of any illnesses,
height and weight of the selected subjects was recorded
for measurement of BMI (kg/m?) along with their basal
heart rate (HR) and respiratory rate.

After a rest for fifteen minutes, resting ECG (for Lead 1I)
recording was done for atleast 20 minutes in supine
posture. The ECG signals were obtained with the help
of an electronic data acquisition system (Power Lab,
AD Instruments Pvt. Ltd., USA) with inbuilt Lab Chart
software.

Then, the subjects were asked to perform Harvard
Step Test and immediately after the exercise, ECG was
recorded for the next 20-30 minutes. However, only the
first 5 minutes of recovery ECG data is being presented
for the present paper.

Protocol for Harvard step test (HST)

Subjects were asked to perform standard HST' by
alternately step up & down on a 16” high stool at a rate
of 40 steps/minute for a maximum of five minutes or till
complete fatigue, whichever occurs earlier.
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Analysis of HRV data

Artifact free ECG record before and after exercise
(5 minutes recovery) were selected for the short term HRV
analysis from the obtained RR intervals using Lab chart 6
PRO, ADInstruments Pvt. Ltd., USA. In each recording,
QRS complexes were detected, and NN (normal to normal)
RR intervals were tabulated, yielding an interval tachogram.
The variation in the heart rate was then calculated by
measuring the difference between minimum and maximum
heart rate during inspiration and expiration for the 5 min
period.'*"” Then, Power spectral density was determined
by Fast Fourier Transformation of interval tachogram.
Thereafter, time domain indices i.e., pPNN50 (percentage of
number of pairs of adjacent RR interval differing by more
than 50 msec) & RMSSD (square root of the mean squared
differences of successive NN intervals) and frequency
domain indices i.e., LF (low frequency) power, HF (high
frequency) power and total power were obtained. The LF
& HF are expressed in ‘normalized unit’ (nu) in our study
as representation of LIF and HF in nu emphasizes the
controlled and balanced behavior of the two branches of
the autonomic nervous system.'®

Statistical analysis

Mean*SD of HRV parameters for both control and
preobese groups in resting and post exercise period were
determined. Comparison between groups was done
using 2-tailed Mann-Whitney U-nonparametric test.
Whereas, Spearman’s Correlation test was used to assess
the correlation between BMI and HRV parameters for
each group. A ‘p’ value of less than 0.05 was considered
statistically significant.

RESULT

Adult healthy male subjects between the age group of
18-24 years (n=30) who met all the inclusion & exclusion
criteria were divided into two groups: Group 1 (control)
with BMI between 19-24 and Group 1I (preobese) with
BMI between 24-30.
(i) Physical characteristics: The average BMI of Group I
was 21.47%1.83 and Group II was 28.25%1.52 which
was found to be significantly different (p<0.001).
(i) Resting/basal condition
(a) Variation in Heart rate variability (HRV/min):
No significant difference was detected between
the HRV/min of control (25.031£9.19/min) vs
high BMI (24.3519.12/min) individual at resting
condition (Fig 1).

(b) HRV indices: The time domain measures, RMSSD
& pNN50 were 67.64£30.61 ms and 35.42£23.17
% respectively for the normal BMI subjects which
was significantly higher (p<0.05) for preobese
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Figure 1 : Depicts comparison of difference of variability of heart rate
(HRV/min) during resting and 5 minutes post exercise recovery of
subjects with normal (control) and high BMI (preobese). A significant
difference was observed between both groups during recovery period.
Values are expressed as Mean+SD. # control vs high BMI p<0.05

individuals with high BMI (RMSSD 43.85+23.93
ms and pNN50 19.36£13.39 %) (Fig. 2a & 2b).
Whereas, among the frequency domain measures,
the normal BMI subjects HF (57.85211.45 nu)
was significantly higher (p<0.001) than their own
LF (39.27412.88 nu) with LF/HF ratio of 0.76.
However, no such significant difference existed
between HF (54.14£14.57 nu) and LF (42.19£17.2
nu) with LF/HF ratio of 0.95 (Fig,3a, 3b &3c) for
high BMI subjects. No significant difference was
detected between the control and preobese group
in terms of their HF and LF or LF/HE However,
both LF and LF/HF was higher and HF was lower
in case of high BMI subjects.

(c) Correlation between BMI& HRV indices: HRV/
min and all other HRV indices (RMSSD, pNN50
& HF) of control subjects were found to have
negative correlation with BMI except LF and
LF/HF which exhibited positive correlation.
High BMI subjects also had exactly the same
correlation pattern as that of control subjects in
resting condition. However, this correlation trend,
though consistent, was not found to be statistically
significant for any parameters (Table 1).

(iif) Post exercise recovery

(a) Variation in Heart rate variability (HRV/min):
A marked decrease in the HRV/min was observed
for the preobese high BMI group (19.45%4.6/min)
in the first 5 min of exercise recovery from their
resting value which was significantly low (p<0.05,
Fig. 1) as compared to recovery HRV of normal
BMI subjects (25.69+10.98/min). No significant
difference was detected between the HRV/min
of control individual between the resting and
recovery conditions.

(b) HRYV indices: In the post exercise recovery
period, the time domain measures, RMSSD &
pNN50 showed significant (p<0.05) reduction
(39.73%£27.75 ms and 6.85%7.76 % respectively)
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Figure 2 : Change in RMSSD & pNN50 during resting and 5 minutes post exercise recovery of subjects with normal (control) and high BMI
(preobese). (2a) : Significantly reduced RMSSD was seen in preobese group during resting state. Also, RMSSD significantly decreased during
recovery stage in the control subjects. (2b) pNN50 decreased significantly in preobese group during resting state. Also, significant reduction in
the value was observed during recovery stage in both the groups
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Figure 3 : Shows change in LF, HF & LF/HF of normal (control) and high BMI (preobese) subjects during resting and 5 minutes post exercise
recovery. (3a): Marked increase in LF was observed during recovery stage in the control subjects, though statistically not significant. Preobese
subjects did not show any such change. (3b) : Significant fall in HF was noted during recovery of control subjects which was absent in preobese
subjects. (3c) : Control subjects had significant increase in their LF/HF ratio during recovery, though statistically not significant. No such change
was observed in preobese individuals

Resting Post Exercise recovery
BMI BMI
HRV/min NS (-0.24) (0.45)"
pNN50 NS (-0.10) NS (0.09)
RMSSD NS (-0.03) (0.64)*
LF NS (0.17) NS (-0.41)
HF NS (-0.23) NS (0.29)
LF/HF NS (0.21) NS (-0.25)

* P<0.05, ** P<0.01; NS : Not significant
Pearson R value mentioned in parenthesis
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for the normal BMI subjects from their resting
state. However, RMSSD (53.68+27.53 ms)
showed increase (though non-significant) and
pNN50 (3.44+3.89 %) showed significant
decrease (p<<0.001) from their resting state in the
high BMI group subjects (Fig 2a & 2b).

Whereas, in case of frequency domain measures, the
normal BMI subjects HF (43.44£19.48 nu) showed
significant reduction (p<<0.05) while LF markedly
increased (49.16+23.73 nu) with significant increase

©

in LF/HF ratio to 1.67£1.55. But, preobese high
BMI subjects exhibited no significant difference in
HE, LF and LF/HF ratio from their resting state
(Fig.3a, 3b &3c). No significant difference was
detected between the control and preobese group
in terms of their HF and LF or LF/HE
Correlation between BMI & HRV indices: Completely
opposite correlation pattern emerged for the control
subject during recovery in contrast to their resting
state i.e. HRV/min, RMSSD & pNNS50 exhibited
positive correlation and LF & LF/HF showed
negative correlation with BMI. These correlations
wete statistically significant for HRV/min & RMSSD
(Table 1). But, preobese with high BMI had no such
change in the correlation pattern during recovery
with all the pattern (statistically significant for HF)
remaining same as that of resting state (Table 2).

DISCUSSION

Several recent studies have documented that BMI is related
to the overall autonomic balance of individuals. However,
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Resting Post Exercise recovery
BMI BMI

HRV/min NS (-0.36) NS (0.17)
pNN50 NS (-0.44) NS (-0.30)
RMSSD NS (-0.33) NS (-0.11)
LF NS (0.32) NS (0.44)
HF NS (-0.39) (-0.47)*

LF/HF NS (0.34) NS (0.33)

* P<0.05; NS : Not significant
PearsonR value mentioned in parenthesis

the pattern of changes observed in the sympathetic and
parasympathetic limb of nervous system due to BMI
change is still not clear. Therefore, the present study was
an attempt to assess the effect of high BMI (preobese) on
otherwise healthy male subjects and also to examine its
impact on post exercise recovery in terms of HRV changes.

@) Physical characteristics: In this study, young adult male
subjects were included and divided into two groups
i.e. control and preobese (high BMI) group. Both the
groups differed significantly in terms of their BMI.
As the aim of our study was not to examine the HRV
changes in obese individuals, but to assess autonomic
changes occurring in pre-obese subjects, subjects
having BMI between 24-30 only were included as the
experimental group. Obese individuals are known to
have cardiovascular and metabolic alterations. Whereas,
an apparently healthy pre-obese subject may not have
frank changes in his system, but may have latent early
changes which, if detected eatlier, can be modified
with proper lifestyle changes.

(i) Resting HRV: In our subjects with normal BMI, HRV
analysis of all the frequency and time domain measures
were comparable to that reported by the Task force
group.'® Higher parasympathetic/vagal influence was
apparent in our subjects because of significantly higher
HF (nu) value as compared to LF (Fig 2a & 2b). As is
known, HF component (0.15 to 0.40 Hz) is indicator
of vagal (parasympathetic) activity'® as observed during
various autonomic challenges eg; electrical stimulation,
muscarinic receptor blockade, and vagotomy. Activity
in this range is associated with the respiratory sinus
arrhythmia, a vagally mediated modulation of heart rate
such that it increases during inspiration and decreases
during expiration.” Interpreting LF (0.04 to 0.15 Hz)
component, on the other hand, is controversial.
Earlier it was believed to be a marker of sympathetic
tone but is now known to include both sympathetic
and vagal modulation® and has been associated with
baroreflex activity. In the power spectrum, the time
domain measures, RMSSD & pNNb50, are closely
linked to HF component and therefore, are known to
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be indicator of parasympathetic activity being linked
with cardiac vagal status. Our study corroborates the
fact that parasympathetic tone is dominant under
resting condition."”

Comparison of high BMI (preobese) with normal BMI
(control) subjects during resting state, did not have any
significant difference in terms of their HRV/min (Fig.1).
However, subjects with high BMI, though without any
apparent pathology seen in them (all the subjects were
strictly selected on the basis of inclusion & exclusion
criteria), had significantly different sympathetic and
parasympathetic activity as compared to normal subjects.
A lower parasympathetic activity, as evident from HE,
RMSD & pNN50, and high sympathetic tone reflected by
LF & LF/HF in the high BMI subjects cleatly suggests for
the presence of an early altered state of sympathovagal
balance. Besides, even in resting state, the HF and LF
components in preobese with high BMI did not differ
significantly as was seen in control subjects supporting
the earlier statement. Our findings are in accordance to
eatlier studies'. Guizar JM et al*! also have shown in
their study that obese adolescents present with reduced
parasympathetic and greater sympathetic modulation of
cardiac system. In support of sympathovagal balance
contributing to regulation of body weight in healthy
individuals, Flaa et al** have suggested sympathoadrenal
activity as a negative predictor of future BMI, waist
circumference, and triceps skinfold thickness in whites.

Though, we did not find any significant correlation of
BMI with HRV indices, both groups of subjects exhibited
negative correlation with all the parasympathetic measures
(RMSSD, pNN50 & HF) and positive correlation with
sympathetic indicators i.e. LF & LF/HF (Table 1). This
cleatly indicates that increasing BMI coincides with reduced
parasympathetic and increased sympathetic tone. It may
also be reiterated here that high BMI individuals had
decreased value of parasympathetic indices and higher
sympathetic indices as compared to control subjects. This
therefore, justifies the above statement for the correlation
pattern.

It has been known that a few individuals maintain a steady
weight of the body in spite of overeating, by increasing
expenditure of energy proportionally. This type of
adaptation which is thermogenic, thereby allowing a few
individuals to maintain body weight though overeating is
linked to the physiological process called Non-Exercise
Activity Thermogenesis (NEAT) which is a mechanism
to burn away extra energy.” This activation of NEAT
could be due to modulation of the response of autonomic
nervous system®’. Indeed, Christin et al® reported that there
exists variability among different individuals in activity
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of the sympathetic nervous system activity which can be
an indicator for the need of frequent body movements
by some individuals such as restlessness or fidgeting. On
the other hand, an increase in parasympathetic response
might slow down the system thus resulting in an increase
in deposition of fat.** In comparison, an inversely
proportional relationship was observed by A Molfino®
between High Frequency (HF) indices and BMI which is
agreeable with the data indicating reduction in sympathetic
and parasympathetic responses of obese children®. Thus
it may be possible that an increase in body fat coupled
with decrease in parasympathetic activity might indicate a
defensive approach by the parasympathetic system against
allowing further deposition of fat. Our findings are in
similar line as that of A Molfino® & Nagai et al.”’ Also, we
observed in our study that a trend exists toward increased
sympathetic activity in terms of LF & LF/HF for the
subjects with higher BMI (preobese) which was again
similar to earlier study.>" A significant correlation of BMI
with LF/HF ratio and significantly high LF/HF ratio has
been reported’ to be in those with BMI>25 kg/m? as
compared to those with BMI <20kg/m2 and BMI 20-
25kg/m? These facts favor the concept that increasing BMI
leads to increased energy expenditure which is modulated
by increased sympathetic tone. However, absence of a
significant correlation pattern in our study, though very
consistent, may be due to smaller sample size (fifteen in
each group) and therefore, a larger sample size would reveal
clearer correlation pattern.

(iif) Post exercise recovery HRV: A significantly low HRV/
min in the preobese subjects during the first five
minutes of exercise recovery as compared to control
subject (Fig 1) was very conspicuous in our study. High
sympathetic tone and low parasympathetic control
is known to represent disturbed autonomic sinus
node activity which leads to decrease in HRV/min.>*
Besides, it has been clearly indicated that a reduction in
HRYV is a potent marker of cardiovascular diseases.”
A reduced HRV/min in high BMI individuals, as
observed in our study therefore, is again a clear
indication of early derangement in the sympathovagal
balance.

In terms of HRV indices, subjects with normal BMI in
our study showed significant reduction in parasympathetic
tone as evident by significant reduction in HE, RMMSD
& pNN50. Also, a high sympathetic tone (high LF & LF/
HF) was observed during the first five minutes of post
exercise recovery in these subjects. At this stage, it may
be suggested that reduced HRV as observed in them, is
expected to be due to fall in vagal tone mainly. This is more
so because of the positive correlation of BMI with RMSSD,
marker of parasympathetic activity (Table 2). However, no
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such responses were seen in preobese individuals except
a significant fall in pNN50 during recovery (Fig 2a, 2b &
3a, 3b, 3¢). In contrast to control subjects, the correlation
pattern of high BMI individuals did not show any change
from their own resting state. This also may be emphasized
here that high BMI individuals did not exhibit any change
in their parasympathetic &/sympathetic indices also (Fig
2a, 2b & 3a, 3b, 3c). Sympathetic activation is natural
physiological phenomenon during the post exercise period
with a fall in parasympathetic tone. However, absence of
these responses in high BMI subjects indicate blunting of
cardiac autonomic activity. Earlier studies in this regard
have also documented suppressed post-exercise heart rate
regulation' and reduced HRV? in the overweight and obese.

In this study, we measured HRV only for 5 min of post
exercise recovery and observed that preobese individuals
have limited reaction of autonomic nervous system in
response to exercise and therefore shows reduced HRV/
min. However, it would be informative and interesting to
analyse the recovery pattern of these individuals for longer
period i.e. atleast for half an hour. The correlation pattern
of BMI, though suggestive of definite trend, could not
be established conclusively due to non-significant r-value
(Pearson’s R) of many indices. The reason being small
sample size, further study with larger number of subjects
would help in clarification.

CONCLUSION

Sedentary lifestyle has become common in the present
generation due to fast and competitive world which has led
to increased incidence of obesity and many other lifestyles
related disorders in the population. The present study
clearly indicates an inhibited autonomic response thereby
causing reduced HRV in overweight (preobese) individuals
in response to even simple and mild to moderate degree
of exercise like Harvard Step Test. Basic study conducted
on the apparently normal healthy but pre-obese individuals
suggest the possible link between BMI and HRV. In fact
a ‘blunting’ of HRV response which was observed when
pre- and post-exercise recovery was compared in subjects
with high BMI, translates into an alarm for these individuals
to adapt to a “autonomic reviving” lifestyle which shall
protect them from heart diseases. An early deviation in
disturbed sympathovagal balance from the normal, by
simply measuring 5 minutes HRYV, indicates potential of
cardiovascular illnesses. Therefore, this study helps to give
eatly alarm to the youngsters and encourage the individuals
with a sedentary lifestyle to take up a more active one which
will help in achieving a better cardiovascular fitness and
avoid late age cardiovascular diseases.
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