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ABSTRACT

Introduction: Autonomic imbalance is known to play a key role in health and disease. However, there is a lack of data exploring
the sympathovagal balance across the lifecycle among the healthy Asian Indians

Sharma Sowmya?!, Thomas Tinku?, Sambashivaiah Sucharita?!

'Department of Physio[ogy, St)ohns Medical CoUege, Banga[ore, India; “Department of Biostatistics, S’t)o[/ms Research Institute,
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Objective: To compare the changes in HRV (Heart rate variability) indices among clusters of the healthy population across the
life cycle.

Methods: Analysis was performed on pooled data categorised into 4 study groups including fetal (n=90), child (n=90), young
adult (n=134), and old (n=85). ECG was collected and subjected to HRV power spectral analysis.

Results: There was a significant difference in all log-transformed HRV indices between the study groups (p<0.01). Low frequen-
cy (LF) and high frequency (HF) HRV indices were lower in the fetal and the older adult group compared to the child and young
adult (p<0.01). Effect size (Cohen’s d) estimates for fetal and young adult groups for LF was 2.9 and that for HF was higher at
3.4. The effect size between young adult and old groups was 1.7 for LF and 2.1 for HF

Conclusion: There was an increment in HRV indices reflecting the maturity of cardiac vagal and cardiac sympathetic control of
the heart from fetal to adult life. The degree of modulation across age groups was greater for the parasympathetic compared to
the sympathetic component.
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INTRODUCTION

The “sympathovagal balance” reflects the state of the auto-
nomic nervous system which results from the sympathetic
and parasympathetic influences.! Though physiological
modulations of sympathovagal balance are known to occur
throughout the life of an individual especially with ageing,
it is often studied in isolation. Longitudinal assessment of
sympathovagal balance across the lifecycle is not feasible.
Therefore, the next best approach involving cross-sectional
studies have been attempted.>*There are pockets of longi-
tudinal studies exploring sympathovagal balance among
healthy individuals with a focus on middle-aged and elderly
populations.* However, there is a lack of data especially from
fetal, childhood phases and across the life cycle.

Sympathovagal imbalance (SVI) between the sympathetic
and parasympathetic nervous systems has emerged as one of

the key pathophysiological mechanisms by which one could
explain the role of the autonomic nervous system in vari-
ous clinical disorders.>® This is relevant especially among
Asian Indians in whom reports of cardiovascular disease and
metabolic syndrome are on the rise. South Asians including
Indian’s makeup one-quarter of the world’s population and
are at a greater risk of developing the chronic disease at a
much younger age.” Asian Indian phenotypes differ meta-
bolically, with the majority developing chronic disease even
at a normal body weight called “metabolically obese”. The
presence of ectopic fat along with reduced muscle mass/
function makes their body composition different from other
populations.®® It will be interesting to explore the changes in
a sympathovagal balance associated with age and body mass
index (BMI) across the life cycle among the healthy Asian
Indian population. This will help delineate the sympathova-
gal changes between healthy and disease states. Therefore,
the current study is the first of its kind from healthy Asian
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Indians exploring the physiological changes across the life
cycle ie., fetal to old age.

Heart rate variability (HRV) is a non-invasive technique
widely used to quantify modulations in sympathetic and par-
asympathetic branches of the autonomic nervous system.!?
Of late the advent of fetal HRV has allowed the exploration
of autonomic modulation during fetal life as well."! The im-
pact of environmental factors during fetal life contributing to
the development of chronic disease during adulthood needs
to be explored. While a large body of literature using animal
models have suggested the role of sympathetic nervous sys-
tem activation to partially explain this phenomenon,' this
remains to be studied among humans. The study aimed to
compare the changes in HRV indices among clusters of the
healthy population of various ages across the life cycle i.e.
from fetus to old age. Also, the study aimed to understand
if body mass index plays a role in modulating age-related
changes in HRV indices in each of the study groups.

Methodology

Data collected from 4 studies on various age groups of
healthy populations at the Department of Physiology were
used for the present analysis. The data collected include gen-
eral characteristics, anthropometric parameters, and HRV in-
dices derived using power spectral analysis. All participants
provided written informed consent to take part in the stud-
ies which were approved by the Institution Ethics Review
Board( IERB study ref Nos 113/2010, 168/2013,1/44/07).
The baseline data was used for the current analysis from the
data set which included healthy individuals to look at various
physiological perturbations on heart rate variability indices.
Details of the study groups including their recruitment de-
tails are as follows:

Fetal Group:

Data from 90 healthy women with a singleton pregnancy
in their 3rd trimester were used for the present study. The
participants were recruited from the Obstetrics outpatient
department. The mothers were screened for the follow-
ing inclusion and exclusion criteria: women with multiple
pregnancies, those with chronic diseases like diabetes and
hypertension were excluded from the study. Blood pressure
measurements were performed to rule out orthostatic intol-
erance and gestational hypertension. An oral glucose chal-
lenge test was also performed to rule out gestational diabe-
tes mellitus. Raw abdominal ECGs for maternal and fetal
HRYV indices and anthropometric details like the height and
weight of the mother were collected on the same day of the
visit.

Child group:
Data from 90 healthy children between the age of 3 to 8 years
was collected from an ongoing birth cohort. The HRV was

performed on children after parental consent and assent. A
general physical examination was performed by a paediatri-
cian to rule out any ailments present or past. The anthropo-
metric measurement of height in meters and weight in kilo-
grams which was used to calculate the body mass index (kg/
m?) and ECG for HRV indices were collected on the same
day of the visit.

Young adult and Older Adult group:

Data on heart rate variability and anthropometry of 134
young adult males between 20-40 years and 85 older adults
above 60 years were analyzed. As part of the recruitment
process, participants were screened for chronic diseases (dia-
betes or hypertension), any form of anaemia, cancer, chronic
infection including tuberculosis and neuropathy. None of the
subjects reported any symptoms suggestive of peripheral and
autonomic neuropathy. Lead II ECG and anthropometry was
recorded. The institutional ethical board had approved the
research study

Assessment of heart rate variability:

For collecting fetal ECGs, subjects were instrumented
for the recording of both maternal and fetal ECG (Monica
DK, UK) by placing pre-gelled disposable silver electrodes
(Ambu blue sensor, Copenhagen, Denmark) on the maternal
abdomen. After instrumentation and a mandatory 30-minute
rest period, continuous abdominal ECG was obtained for 10
minutes in a quiet room in the supine position. Subjects were
asked to avoid unnecessary movements during this period.
ECG was collected using a sampling frequency of 900 Hz
using an IBM compatible PC and a data acquisition pack-
age (Monica, UK). The data acquisition system collects raw
ECG from which both maternal and fetal ECG were extract-
ed. The same has been validated."® The system also includes
a threshold peak detection system, from which RR intervals
of both mother and fetus were derived and used for power
spectral analysis.'

In the child, young adult, and old group, lead Il ECG was
recorded following instrumentation. Following rest in supine
posture for 30 minutes, measurements were performed for 10
minutes. Details of the signal processing and mathematical
calculations have been discussed earlier. *Briefly, spectral
analysis was performed using a Fast Fourier Transform. The
frequency resolution was 0.0078 and the highest frequency
evaluated was 0.4 Hz. The spectra obtained were averaged
and power was calculated in two bands. The low-frequency
band which is believed to reflect, predominantly the sym-
pathetic nerve activity to the heart was calculated between
0.04-0.15 Hz band of RR power. The high-frequency band
which is believed to reflect parasympathetic nerve activity to
the heart was calculated from 0.15-0.4 Hz. Along with abso-
Iute power, HRV indices were also calculated as normalised
units where the power in the low and high-frequency bands
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is expressed as a percentage of the total power minus the
power of the very-low-frequency band (0.0-0.04 Hz).'¢

Statistical analysis:

The normality of the data was examined using the Kolmogo-
rov—Smirnov test. The data is represented as mean and stand-
ard deviation when normally distributed and median (Inter-
quartile range) when not normally distributed. As the HRV
indices were not normally distributed, log-transformed data
were used for further analysis. One-way ANOVA/ Kruskal
Wallis test was used to analyze the effect of age groups on
HRYV indices. Post-hoc Bonferroni’s test was used to exam-
ine pair-wise differences between age groups. The effect of
weight/BMI in the association between age group HRV was
examined using multiple linear regression of log-transformed
HRYV indices. Effect size (Cohen’s d) comparison between
the study groups in the post hoc analysis was performed to
compare the pattern of changes in HRV indices between the
groups. Statistical significance was considered at p <0.05.
The interaction effect of BMI and groups was examined in
regression analysis of log-transformed HRV indices and sta-
tistical significance of interaction was considered at p<0.1.

RESULTS

The descriptive characteristics of the study groups are repre-
sented in Table 1. All the subject characteristics namely age,
weight, height, BMI, waist circumference and heart rates were
significantly different (p<0.05) between the study groups.
On performing post hoc analysis, weight was significantly
lower in the older adult group and child group compared to
the young adult group. Similarly, height and BMI was lower
in the child group compared to the young adult group. Height
and BMI were comparable between young adult and older
adult groups. Waist circumference was significantly higher
in the older adult group and significantly lower in the child
group compared to the young adult group. Heart rate was also
significantly higher in the child group compared to the young
adult group. Heart rates were comparable between the young
adult group and the older adult group. Waist Median (Inter
Quartile) ranges for HRV indices in absolute units (msec?) in
each of the groups are as follows. The LF power spectra were
for fetal group [54.5(33-140)], child group [834.3(388.8-
1329.1)], young adult [876.1(482.0-145.7)], and older adult
group was [169.1(88.3-318.10)].For HF power spectra were
for fetal group [ 31.0 (16-61)], child group [734.2 (318.7-
1641.7)], young adult [ 874.2 (502.9-1555.7)], and older
adult group was [145.7 (67.2-207.3)]. For total power power
spectra were for fetal group [317(143.5-527.3)], child group
[2039.0(1025.9-3641.4)], young adult [2567.8(1558.5-
4674.9)] and older adult group was [576.3(348.5-1134.7)].
Figure 1 represents the log-transformed HRV indices among
all the study groups. There was a significant difference in all

log-transformed indices between the study groups (p<0.01).
LF and HF HRV indices were significantly lower in the fe-
tal ( 4.2+1.0 for LF, 3.4 £ 0.9 for HF ) and the older adult
group (5.240.9 for LF, 4.84+0.9 for HF) compared to the child
(6.620.8 for LF, 6.6+ 1.1 for HF) and young adult (6.7£0.9
for LF, 6.8 £ 1.0 for HF) (p<0.01). The young adults and
child groups had comparable HRV. The magnitude of incre-
ment and decrement in LF and HF across the study groups
was calculated concerning the young adult group. The ef-
fect size between the fetal and young adult group for LF
was 2.9 and that for HF was higher at 3.4. The effect size
between young adult and old groups was 1.7 for LF and
2.1 for HF. On comparing the LF/HF ratio, the fetal group
had a significantly higher ratio compared to the three study
groups (Figure 2). Analysis of LF and HF normalized units
(nu) also demonstrated similar results. There was a positive
association between log HF and age in the child group and
a negative association in young adult and older groups af-
ter controlling for BMI (Table 2). There was a significant
interaction (p=0.064) between BMI and group for log HF
such that the regression coefficient for log HF on BMI in the
elderly was significantly lower compared to that of young
adults. There was no association between gestational age and
HRYV indices in the fetal group.

DISCUSSION

The present study demonstrated a significant difference in
the heart rate variability indices among the study groups.
There was a significant increase in all the HRV indices in
the child and adult groups when compared to the fetal group.
Also, there was a significant decrease in all the HRV indices
in the older adult group when compared to the young adult
group. Low frequency to high-frequency ratio, a measure of
sympathovagal balance was significantly higher in the fetal
and older adult group when compared to young adult and
child groups.

The present study for the first time explored a lifecycle ap-
proach with a specific focus on modulations in HRV indices
to study sympathovagal balance. Autonomic modulations
play an essential role in maintaining normal physiological
functions throughout the human lifecycle.!” With the inven-
tion of fetal ECG extraction from maternal ECG, fetal auto-
nomic regulation evaluation has become a possibility. Studies
use fetal heart rate and their pattern in terms of accelerations
and decelerations to predict fetal wellbeing.'®However, fe-
tal heart rate variability based studies using spectral analysis
are limited. Autonomic maturation during pregnancy can be
partly explained by the polyvagal theory which states that
from the time of conception, the first autonomic branch to
develop is the unmyelinated, primitive vagal nerve. This is
followed by the development of the sympathetic nervous
system and this is closely linked to gestational age during
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early pregnancy.'’Hence during the early fetal period, vari-
ability in sympathetic tone is said to play a role in heart rate
and blood pressure variability.?*The parasympathetic divi-
sion of the ANS gradually develops during late pregnancy
and continues following birth.?! The data from the present
study demonstrated that the low frequency/high-frequency
ratio an indicator of sympathovagal balance was highest
among the fetal group compared to child, adult, and old
study groups. This points towards the fact that during fetal
life there is sympathetic predominance. In an Indian context,
this might be relevant as epigenetic changes are believed to
be the basis of the change in programming phenotype. The
role of in utero environment especially maternal nutritional
status (Iron, Vitamin B12, and Zinc) could play a key role in
autonomic maturation.”> The role of fetal sympathetic and
vagal maturation and maternal nutritional status needs to be
further explored.

Studies have demonstrated that an increase in the total num-
ber of myelinated vagal fibres from fetal life is a gradual
process and extends until the child reaches adolescence.”!
This is reflected even in our data which showed a significant
increment in HRV indices in the child group and adult group
when compared to fetal data. Apart from ageing, another
important physiological factor affecting HRV is the change
in body composition.*There was a significant and positive
correlation between age and HRV indices in the child group
even after controlling for BMI. Moreover, the data suggested
increment in high frequency to be greater compared to low
frequency. This could be due to an increase in myelinated
vagal fibres which is required for not only improved visceral
regulation but also for behavioural regulation which would
support social engagement behaviours following birth.?*

Among the adult population, the ageing-associated decline in
HRYV indices demonstrated in earlier studies was also noted
as part of the current study.** The decline in high frequency
was greater compared to low frequency. The possible mech-
anisms for underlying changes in parasympathetic modula-
tion with ageing could be alterations in cholinergic and mus-
carinic pathways. The cardiac acetylcholine release response
to stimulation decreases with ageing including muscarinic
receptor activity and density.?® This loss of protective vagal
reflexes may impair the functional capacity to respond to
various stimuli with ageing and could be one of the poten-
tial reasons for increased vulnerability in developing chronic
diseases with ageing.”’Our previous studies have linked de-
creased autonomic function predominantly parasympathetic
nervous activity to visceral fat among lean or normal BMI
healthy adults. 2Even in the present study, the high frequen-
cy was negatively and significantly associated with BMI in
both the young and older adult groups. However, the signifi-
cant negative association between age and high-frequency
components of HRV indices in both young adult and older
groups persisted even after controlling for BMI. A study of

interactions between BMI across age groups showed the ef-
fect of BMI on high frequency was significantly lower in
older adults compared to younger adults. Few previous stud-
ies have reported improved survival among subjects with el-
evated BMI among the elderly.”*° The deleterious effect of
being overweight or underweight on mortality was mainly
observed in young and middle-aged subjects rather than very
aged subjects. Obesity in the young and middle-aged is asso-
ciated with increased cardiac risk like hypertension, diabetes
mellitus and hyperlipidemia.’! One of the proposed reasons
for the improved survival among the elderly was modulations
of the inflammatory response and increased nutritional and
metabolic reserve over prolonged exposure.** Also the other
reason could be that the study subjects selected in the older
adult group may reflect selection bias where younger obese
individuals who progress into old age with cardiovascular
disorders were excluded. Thus overweight/underweight sub-
jects who survived cardiovascular disease and other illnesses
earlier in life may reflect genetic predisposition which may
have protected them from increased cardiovascular risk in
old age as well. Thus the lower effect of BMI on autonomic
modulations seen in the older adult group could be a combi-
nation of genetic factors along with adequate energy stores in
the form of fat that may protect these individuals from cata-
bolic processes. These findings are important especially for
a country like India which has experienced a demographic
transition in the past few decades, causing almost a tripling
of the population over the age of 60 years.*® With the added
burden of malnutrition (both macro and micronutrient defi-
ciency) among the elderly, there is a need for evidence-based
clinical trials to plan public health strategies in India. With
more than 30 % of the Indian population considered to have
BMI in the range of low to normal and approximately the
same percentage being overweight and obese* the current
data becomes relevant in the context that this might also help
future studies exploring sympathovagal balance among Indi-
ans with various clinical conditions. A simpler technique like
HRV could play a key role and go a long way to understand
the impact of such interventions.

One of the key strengths of the study was that it was per-
formed on a healthy population across the human life cycle.
However, lacunae of the study included the inability to ex-
plore the role of factors including percentage body fat, lean
mass, physical activity pattern, dietary intakes, and stress re-
sponse across the lifecycle. Further, studies are warranted to
explore physiological perturbation on autonomic modulation
across the lifecycle.

CONCLUSION

HRYV indices across the lifecycle reflect the evolving modu-
lations of the cardiac vagal and cardiac sympathetic nervous
system from fetal to adult life. The sympathovagal balance
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modulation was highest among the fetal group compared to
the three study groups with greater modulations in parasym-
pathetic component compared to sympathetic component
across age groups. Also, BMI plays a role in modifying sym-
pathovagal balance across age groups but the effect signifi-
cantly decreases with ageing
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Figure 1: Heart rate variability indices across study groups
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Figure 2: Comparison of sympathovagal balance (Low Frequency/High-Frequency ratio) across age groups.
P< 0.05 between the groups using ANOVA.
p<0.05 on One-way ANOVA. Fetal group was significantly higher compared to child, young adult, and older adult group

Table 2: Linear regression model to understand the effect of age and body composition on HRV indices and
sympathovagal balance

Groups  Linear Regression Model Variable Logn LF Logn HF LF/HF ratio
B (SeB) B (SeB) B (SeB)
Model 1 Gestational Age -0.03(0.04) 0.01 (0.04) -0.10 (0.06)
Fetal Model 2 Gestational age -0.03(0.04) 0.02 (0.04) -0.11(0.07)
Maternal Weight -0.00(0.01) -0.01(0.00) -0.00(0.01)
Child Model 1 Age 0.25(0.06) * 0.36 (0.07) * -0.10(0.05) *
Model 2 Age 0.27(0.06) * 0.36 (0.07) * -0.11(0.05) *
BMI -0.02(0.04) -0.03 (0.05) -0.00 (0.3)
Young Model 1 Age -0.04(0.01) * -0.06 (0.01) * 0.03(0.01) *
Model 2 Age -0.06(0.01) * -0.07 (0.01) * 0.03 (0.01) *
BMI 0.07 (0.03) * 0.10 (0.03) * 0.00(0.04)
Elderly Model 1 Age 0.01(0.02) -0.03 (0.02) * 0.02(0.02)
Model 2 Age 0.01(0.02) -0.04 (0.02) * 0.02(0.02)
BMI 0.01(0.04) -0.08 (0.04) * 0.07(0.06)
*p<o0.05
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