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ABSTRACT

The autonomic nervous system (ANS) works in synergy with the Endocrine system that affects the body-mass
and height and in turn the body mass index (BMI). The ANS activities are often assessed with one index that is
heart rate variability (HRV). Reduced HRV has been reported in underweight (low BMI) and overweight (high
BMI) individuals, but there is scarce information available on the relationship between normal BMI and HRV.
Further, as per WHO expert consultation report, the Asian population has higher percentage of body fat than their
European counterparts, therefore Asian people may have greater risk factors for type 2 diabetes and cardiovascular
disease even below the existing upper edge of normal BMI. Thus it was recommended by WHO to consider the
intermediate cutoff points within the normal BMI range as 18.5 Kg/m?2, 20 Kg/m?, 23 Kg/m?, and 25 Kg/m? for the
Asian population. Therefore, the present study was aimed to investigate ANS activity among intermediate cutoff
points of normal BMI using HRV. Seventy young individuals participated in the non-invasive and benign study.
Subjects were divided into three groups based on their BMI as per the recommendation of the WHO report; NB1
(18.5<BMI<20), NB2 (20<BMI<23) and NB3 (23<BMI<25). For all the subjects, 10 min of electrocardiogram
was recorded and short term HRV analysis was carried out. Student t test was carried out to find the significance
of study parameters in BMI groups. The BMI was correlated with HRV measures using Spearman’s correlation
method. Statistically significant negative correlation was found between BMI and various HRV parameters. The
sympathovagal balance was comparable in NB1 and NB2 group whereas it shifted towards sympathetic dominance
in NB3 group. Higher sympathetic activity for BMI greater than 23 in Indian youth may lead to predictability of
risks associated with overweight and obesity.

Keywords: Body mass index; Autonomic nervous system; Heart rate variability; Body weight, Sympathetic

activity.

1. INTRODUCTION

Since ages, it is a notion that physical appearance and
physical capabilities often depend upon the weight (mass) and
size of the body. A ratio of the body mass (Kg) and square of the
height (m?) yields body mass index (BMI). BMI is a numerical
figure that gives an idea of the physical type of the human body
and its subgroups are often categorised qualitatively. A BMI of
less than 18.5 is classified as underweight, from 18.5 to 25 as
normal, between 25 and 30 as overweight and more than 30 is
termed as obesity'. Hence, the BMI is an easy and noninvasive
way to evaluate the degree of excess weight in adults®. As per
epidemiological reports, the proportion of overweight and obese
adults increased globally from 28.8 per cent in 1980 to 36.9 per
cent in 2013 for men and from 29.8 per cent to 38 per cent
for women'. Thus, prevalence of high BMI rapidly increased
in last decades. To address this global issue, researchers have
focused on the studies concerning obesity/overweight and its
effects in developing the cardiovascular risks and other chronic
diseases. Therefore, many research studies have demonstrated
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the association of BMI with increasing risk for cardiovascular
diseases in overweight and obese subjects®>.

In addition to obese/overweight cases, studies on
underweight/ low BMI subjects have also been reported with
reduced autonomic cardiac function®’. It may be attributed
to increased visceral adiposity or ectopic fat rather than
subcutaneous fat in low BMI individuals. Sowmya et al. stated
that a slight increase in BMI among low BMI subjects, risk of
cardiovascular morbidity and mortality could be increased®. In
India due to various reasons changes are very rapid at present
and nutritional transition is a major concern’. The increased
rate of urbanisation and migration from rural to urban setup
may change the food consumption pattern. The high caloric
food intake and reduced physical activities resulted into
shifting of low BMI individuals towards normal BMI, and
later into higher BMI'. Therefore, transitional normal BMI
individuals may be at higher risk of developing metabolic
syndrome or cardiovascular disease or other chronic diseases.
In WHO expert consultation report, it is stated that the Asian
population has higher percentage of body fat than their
European counterparts, therefore Asian people have greater
risk factors for type 2 diabetes and cardiovascular disease even
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below the existing edge of 25 Kg/m? for normal BML. It is thus
recommended to consider the intermediate cutoff points within
the normal BMI range as 18.5 Kg/m?, 20 Kg/m?, 23 Kg/m?, and
25 Kg/m? for the Asian population'’.

The autonomic nervous system (ANS), regulates a wide
range of metabolic, cardiopulmonary and visceral functions!2.
The ANS works in synergy with endocrine system to control
several processes related to the digestion and metabolism of
nutrients'>. Thus, ANS plays a vital role in weight regulation.
Molfino et al. further stated that ANS regulate the body weight
not only in obese subjects but also in healthy individuals'.
The ANS activity may be assessed by heart rate variability
(HRV), which is a noninvasive method used for healthy
individuals as well as cardiovascular and non-cardiovascular
disorders®®. Therefore, HRV has been popularly used by many
researchers in evaluating the effect of overweight and obesity
in risk stratification of cardiovascular and many other chronic
diseases'®!’. A reduced HRV has been reported in these studies,
which is an indicator of greater risk of cardiovascular morbidity
and mortality caused by cardiac autonomic alterations.

A lack of literature was experienced by the authors
exploring HRV at intermediate
cut off points of normal BMI.

Table 1. Distribution of the study population

Body Mass Index (Kg/m?)

Parameters NB1 NB2 NB3

(18.5<BMI<20) (20<BMI<23) (23<BMI<25)
n 26 25 19
Age (Years) 20.23+1.73 21.08+1.75 22.8+2.59
Height (m) 1.69+0.08 1.70+0.10 1.75+0.12
Weight (Kg)  54.37+4.86 62+7.19 75+11.17
BMI (Kg m?) 18.98+0.40 21.5240.71 24.4940.50
SBP (mmHg) 107.27+5.66 111.8+£7.44 121.1349.16
DBP (mmHg) 73.04+3.79 74.36+£2.94 78.4+5.24

Values are shown as mean + SD

NB1, normal body mass index 1; NB2, normal body mass index 2; NB3,
normal body mass index 3; BMI, body mass index; SBP, systolic blood
pressure; DBP, diastolic blood pressure

Table 2. Mean HRV measures for the study population

Therefore, the present study was

aimed to investigate the ANS Body Mass Index (Kg/m?) p value
activity among normal BMI
subjects using HRV. Parameters NB1 NB2 NB3
(185<BMI<20) (20<BMI<23) (23<BMI<25) b1 VsNB2 NB2vs NB3

2. MATERIALS AND SDNN 59.99+19.91 49.32+1520  4537+21.37 <0.05* 0.317

METHODS (ms) . . . . . . . .

A number of adult graduating  RMSSD (ms) 66.38+28.64 54482215 44.45+32.62 <0.05% 0.236
students and staff members were
invited to take part in the study.  pNN50 (%)  40.27+18.16 31.76£19.87  21.84+19.61 <0.0001*  0.073
The height and weight of each , .
participant was measured. BMI  LF (ms) 1718.62+1307.62  1123.24+798.97 1151.13£822.13  <0.05 0.375
was calculated as a ratio of weight  yp 1) 1792.58£1653.94 1098.8+834.3  722+1336.97  <0.05* 0.316
to the square of height?. As per the
World Health Organisation (WHO)  LF (n.u.) 51.48+18.32 52.49+17.43  68.45+12.55 0.421 0.008*
criteria of BMI!, normal range of
BMI is defined from 18.5 to 25.  HF (n.u.) 48.45+18.26 47431742 35.10+12.45 0.419 0.008*
Details of the study, procedure

o ) TP (ms?) 3622.62+2637.18  2311.6+1368.3  1990.47+2123.23 <0.05* 0.457

and objectives were explained
to the subjects prior to the data  pp/pp 1.4+1.0 1.44+1.0 2.16+0.99 0.441 <0.05*

acquisition and written consent

was obtained. The consenting

volunteers were examined for the
following inclusion criteria:

*  Systolic blood pressure <140
mmHg and diastolic blood
pressure <90 mmHg.

* No history/treatment of any cardiovascular disease,
diabetes or any other abnormality that would interfere with
cardiac autonomic function as reported by individuals.

*  BMI greater than 18.5 and less than 25.

Based on these inclusion criteria, 70 young individuals
with age ranging from 18 to 27 years were chosen to participate
in this study. The study population was further divided into
three categories, normal BMI 1 (NB1) (18.5<BMI <20),

Values are shown as mean + SD
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Abbreviations: SDNN, standard deviation of NN intervals; RMSSD, root mean square of differences of successive
RR intervals; pNN50, percentage of RR intervals greater than 50 ms; LF nu, Low frequency power in normalized
units; HF nu, High frequency power in normalized units; TP, total power.

normal BMI 2 (NB2) (20<BMI<23) and normal BMI 3
(NB3) (23<BMI<25) with reference to the WHO expert
consultation report!!. The distribution of the study population
is presented in Table 1.

The subjects were asked to sit in relaxed position for 15
min. Blood pressure was measured using Sphygmomanometer
(MLT1100/A) and powerLab26®, after relaxing period. The
ECG lead II was recorded in supine position with normal
breathing for 10 minutes duration with a PowerLab26® data
acquisition system.
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Figure 1. Variation of time domain HRYV indices with BMI.

2.1 Data Processing

Out of the 10 minutes of ECG recording; smooth, noise
free 5 minutes duration of ECG was selected for short term
HRYV analysis. The HRV module detected beats by detecting R
waves in the ECG signal. The beats were classified as normal
or ectopic beat based on preset limit. The ectopic beats were
identified if the inter beat interval (IBI) differed more than
430 per cent from the mean?'. The cubic spline interpolation
method was used to replace the ectopic beats with interpolated
values based on weighted average of nearby accepted values.
Thus, ectopic beats free RR interval was obtained which is
termed as NN (normal to normal) intervals. The NN intervals
were further normalised with average NN interval for HR
bias minimisation?’. Time domain HRV indices e.g. Standard
Deviation of normal (SDNN) RR intervals, Root Mean
Squared (RMSSD) differences of normal RR intervals, pNN50
count (number of adjacent RR intervals differ by more than
50 ms) were obtained from HRV module of the LabChart8.0®
software'>. Spectral components of HRV e.g. Low Frequency
(LF) power, High Frequency (HF) power, Total Power (TP)
and LF/HF ratio were obtained by a fast Fourier transformation
technique®.

The data was tested for normality by Kolmogorov-Smirnov
test. Student t test (two tailed, independent) was carried out to
find the significance of study parameters between NB1, NB2
and NB3 groups. Differences were considered significant at the
level p<0.05. Spearman’s rank correlation test was used to find
out the correlation between BMI and HRV indices.

3. RESULTS

Descriptive physical characteristics of the study population
are summarised in Table 1. All the subjects were having normal
BMI. The normal BMI was stratified into three categories; NB1
(n=26; range 18.5<BMI<20), NB2 (n=25; range 20<BMI<23)
and NB3 (n=19; range 23<BMI<25).

The time and frequency domain HRV indices were
obtained with LabChart8.0® software. The average values of
HRV measures for all the three normal BMI categories are as
presented in Table 2.

A statistically significant difference was found in SDNN,
RMSSD, pNN50, LF(ms?), HF(ms?) and TP values (p<0.05)
between NB1 and NB2 group whereas LF(n.u.), HF(n.u.) and
LF/HF values were statistically significant different (p<0.05)
between NB2 and NB3 group. The SDNN, RMSSD and pNN50
values decreased with increasing of the BMI in the normal
range. The LF(ms?), HF (ms?), HF(n.u.) and TP(ms?) also
decreased with increasing BMI in the normal range whereas
the LF(n.u.) and LF/HF values increased with increasing the
BML

The variation of the time domain HRV indices with BMI
is as shown in Fig. 1. The scatter plot of the data is presented
for the SDNN, RMSSD and pNN50. The negative slope of the
linear approximation indicates the inverse relationship between
HRV indices and BMI. The SDNN (r = -0.36, p<0.005),
RMSSD (r = -0.37, p<0.05) and pNNS50 (r = -0.40, p<0.005)
correlated with BMI significantly. The HRV decreased with
increasing BMI. The NB1 group had higher HRV than NB2
group with lowest HRV in the NB3 group.
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Figure 2. Variation of frequency domain HRYV indices with BMI.
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The variation of frequency domain HRV indices with
BMI is shown in Fig. 2.

The LF(ms?) (r = -0.18, p<0.05), HF(ms?) (r = -0.39,
p<0.05), HF(n.u.) (r = -0.27, p<0.05), and TP (r = -0.34,
p<0.05) had negative statistically significant correlation with
BMI whereas LF(n.u.) (r = 0.28, p<0.05) and LF/HF ratio (r=
0.27, p<0.05) had positive statistically significant correlation
with BMI. The NB1 group also had higher values of frequency
domain HRV indices than NB2 group whereas NB3 group had
lowest HRV values. The spearman’s rank correlation for HRV
indices with BMI is presented in Table 3 for the entire normal
BMIl range. The BMI was found statistically significant with all
mentioned HRV indices. The SDNN and pNNS50 had strongest
correlation (p<0.005) with BMI.

Table 3. Spearman’s rank correlation between HRV parameters

and BMI

HRYV Parameters BMI (r, p)
SDNN (ms) -0.36, 0.0049**
RMSSD (ms) -0.37, 0.0077*
PNN50 (%) -0.40, 0.0008**
LF (ms?) -0.18, 0.0404*
HF (ms?) -0.39,0.0111*
LF (n.u.) 0.28, 0.0200*
HF (n.u.) -0.27, 0.0200*
TP (ms?) -0.34,0.0104*
LF/HF 0.27, 0.0350*

*statistically significant at p<0.05, **statistically significant at p<0.005

4. DISCUSSION

The present study proposes evidences of association
between BMI and HRV in normal BMI subjects too. The
intermediate cutoff points of normal BMI were grouped as
NB1, NB2 and NB3 as recommended by WHO consultation
report. The overall ANS function assessed by SDNN and TP
decreased significantly (p<0.05) in NB2 group as compared
with NB1 group whereas sympathovagal balance as assessed
by LF/HF ratio did not show significant variation. It signifies
an overall reduction in the ANS function but not altered
sympathovagal balance in the first two groups. An increase of
L.F. (n.u.) (p<0.05) and decrease of H.F. (n.u.) (p<0.05) was
found in NB3 group along with a shift in the sympathovagal
balance towards sympathetic dominance (p<0.05). This
suggests that sustained increased sympathetic activity may
enhance vulnerability to cardiovascular disorders and other
chronic diseases®.

The Spearman’s correlation was obtained between HRV
indices and BMI for the entire normal BMI range (18.5-25). A
statistically significant negative correlation (p<0.05) was found
between BMI and SDNN, RMSSD, pNN50, LF(ms?), HF (ms?),

HF(n.u.) and TP whereas positive significant correlation
(p<0.05) was obtained between BMI and LF(n.u.) and LF/
HF ratio. This indicates an increased sympathetic activity
and decreased parasympathetic activity with increasing BMI
in healthy normal BMI subjects. The results are in agreement
with the studies reported by Arrone et al. and Krishna et
al., who demonstrated significant weight gain with reduced
parasympathetic activity in non-obese subjects while there was
substantial weight loss with decreased sympathetic activity and
increased parasympathetic activity?®?’. Similarly, Koenig, J. et
al. also presented the association of sympathovagal balance
to BMI in non-obese healthy individuals?®. They reported
a prominent role of vagal nerve in modulation of the energy
expenditure in the human organism.

5. CONCLUSIONS

This study proposes that body mass index (BMI) is
related to the autonomic nervous system (ANS) activity in
normal BMI individuals too. The sympathovagal balance is in
homeostasis in lower range of normal BMI (NB1 and NB2)
whereas, it shifted towards sympathetic dominance in the upper
range of normal BMI (NB3). It would be appropriate if early
interventional activities like physical exercise, yoga, meditation
and healthy food habits are resorted to reduce weight for better
ANS activities in Indian youth with BMI exceeding 23. This
may help prevent tendencies towards obesity.
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