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Background: Obesity is imposing a growing threat to world health. The autonomic nervous system
(ANS) regulates visceral functions via balance between sympathetic and parasympathetic divisions. In the
cardiovascular system (CVS) this non stationary balance results in the fluctuation between intervals of
consecutive heart beats, so called heart rate variability (HRV). Obesity is one of the causative co-morbid
conditions leading to metabolic and cardiac disorders as it is accompanied with varied combinations of
abnormalities in the ANS, one view is that obese people have higher sympathetic tone. HRV measures the
effect of autonomic function on the heart alone. Therefore, it could be the most useful method to investigate
the effect of obesity on CVS as obesity is associated with decreased HRV. Regular physical activity has been
shown to increase HRV in healthy individuals. Therefore, exercise training may improve cardiac autonomic
regulation in a variety of clinical populations including obese individuals.

Objectives: to assess the alteration in cardiac autonomic function that may be associated with obesity by
measuring HRV indices using (Holter monitoring) and to test the hypothesis that regular physical activity is
associated with improved HRV.

Methods: A total of 49 asymptomatic obese individuals (28 males, 21 females) were recruited from Obesity
Unit in Alkindy College of Medicine/ University of Baghdad.

Holter monitoring was applied to the obese individuals to assess HRV in addition to 47 healthy non-obese
subjects of either sex as controls. All participants were subjected to 4-6 weeks moderate intensity of physical
activity, and then Holter monitoring was repeated after the end of physical activity. Blood tests were done
for all participants to exclude renal, liver and endocrine dysfunctions.

Results: all HRV indices were significantly low in obese subjects (p value less than 0.05) body mass index
(BMI) was negatively correlated with overall HRV index (p= 0.0001, r= - 0.87). After onset of regular
physical activity, all HRV indices were increased significantly in obese subjects whereas the increase in
HRYV indices in normal weight subjects did not reach the level of significance.

Conclusion: Obese subjects had a significant lower values of all HRV indices, overall low HRV values
usually indicate a relative sympathetic dominance. BMI was negatively correlated with overall HRV index
significantly in obese subjects. The significant increment in all HRV values in obese subjects after the onset
of regular physical activity indicates a shift of sympathetic/parasympathetic balance towards increased vagal
activity, which is a marker for cardiac autonomic modulation that may offset the negative effect of obesity.
Keywords: obesity, heart rate variability, physical activity, Holter monitoring, cardiac autonomic function.

Introduction:

Obesity and weight gain are imposing a growing threat to
world health, as in many countries 20%-30% of adults are
categorized as clinically obese, and their number is still
increasing.(1) The autonomic nervous system (ANS) regulates
visceral functions through sympathetic and parasympathetic
branches which act antagonistically to preserve dynamic
equilibrium of vital functions. In the cardiovascular system
(CVS) this non stationary balance results in the fluctuation
between intervals of consecutive heart beats, so called heart
rate HRV is a non-invasive, practical and reproducible measure
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of cardiac autonomic activity. HRV is the beat to beat variation
in time of consecutive heartbeats under the balanced influence
of sympathetic and parasympathetic components of the cardiac
ANS expressed in normal sinus rhythm on electrocardiogram
recordings, ranging from few minutes to 24-hours. (3) (4).
Obesity is one of the causative co-morbid conditions leading
to metabolic and cardiac disorders as it is accompanied with
varied combinations of abnormalities in the ANS, one view is
that obese people have higher sympathetic tone. (5)

HRV also indicates the extent of neuronal damage to ANS.
(6) It has also been suggested that a reduction in autonomic
function might be the mechanism for increased prevalence of
CVS disease in obesity.(7) However, these studies have not
concentrated on the autonomic activity of the heart itself. HRV
measures the effect of autonomic function on the heart alone.
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Therefore, it could be the most useful method to investigate the
effect of obesity on CVS disease. It is important to emphasize
the effect of obesity on HRV, decreased HRV significantly
increased CVS mortality (8), as obesity is related to increased
morbidity and mortality in CVS disease (9). With the
availability of new, digital, high frequency, 24-h multichannel
electrocardiographic recorders, HRV has the potential to
provide additional valuable insight into physiological and
pathological conditions and to enhance risk stratification.(10).
HRV can be assessed in two ways, either as Time Domain
Analysis or in frequency domain as a Power Spectral Density
(PSD) analysis. In either method, the time interval between
each successive normal QRS complex are first determined.
n

Regular physical activity has been shown to increase HRV
in healthy individuals. (12) Therefore, exercise training may
improve cardiac autonomic regulation in a variety of clinical
populations including obese individuals. One hypothesis is
that physical exercise modulates cardiac autonomic control by
decreasing sympathetic influence and enhancing vagal tone.
(13) There is also evidence that regular physical activity has a
positive effect on HRV. (14)

Subjects and methods

A total of 49 asymptomatic obese individuals (28 males, 21
females) ranging in age from 25 to 60 years were recruited
from Obesity Unit in Alkindy College of Medicine/ University
of Baghdad, none of them had any history of hypertension,
diabetes, cardiovascular disease, or stroke and/or taking any
medications for these clinical conditions or any medication
might affect the autonomic nervous system. Results of
liver, renal, and endocrine function tests were all normal.
In addition, 47 healthy non-obese subjects of either sex as
controls. Anthropometric parameters like height and weight
were recorded. Body mass index (BMI) was calculated as
the weight in kilograms divided by the square of the height
in meters. Obese were distinguished according to the WHO
definitions (World Health Organization 1999): normal weight
(18.5-24.9 Kg/m?), overweight (25-29.9 Kg/m?) and obese
(>30 Kg/m?).

HRYV indices were measured for each subjects by using Holter
digital device (DONGJIANG model: DJ-12A, CMICS Medical
Instrument Co., Ltd, China), a 12-ECG leads were recorded
over 24 Hour.

HRV was analyzed using the time domain method as it
considered the original and simplest method for deriving HRV;
time domain measures plot HRV as the change in normal R
wave to R wave (RR) intervals over time.(15) Accordingly,
HRV was computed for each subjects using the four standard
24-hour time domain measures: SDNN (standard deviation of
all normal sinus RR intervals during a 24 hour period) which is
the square root of their variance. A variance is mathematically
equivalent to the total power of spectral analysis, so it reflects
all cyclic components of the variability in recorded series of
RR intervals, SDANN (standard deviation of the averages

normal sinus RR intervals in all 5-minute segments of the entire
recording), rMSSD (the square root of the mean of the sum
of the squares of differences between adjacent RR intervals),
PNNS5O0 (percentage of pairs of adjacent RR intervals differing
by more than 50 millisecond (ms) in the entire recording). All
the HRV indices with the exception of pNN50 are reported in
units of time (ms).(16)

Time domain analysis was done according to the
recommendations of Task Force of the European Society of
Cardiology (ESC) and the North American Society of Pacing
and Electrophysiology (NASPE). (11)

A 30-minute brisk walking three times per week program
(moderate intensity) was applied to all participants for 4-6
weeks duration, HRV were assessed before and after physical
activity.

Results:

Anthropometric characteristics of study subjects were
summarized in table 1 and 2 from the table there was no
significant differences in mean age and male/female ration
between obese and control groups (p=0.094, 0.99 respectively),
while they differs significantly in BMI (p= 0.0001).

In table 3, HRV indices for obese and control groups were
illustrated. From the table, obese subjects had a significantly
lower values in the four studied HRV indices (SDNN, SDANN,
rMSSD, and pNN50) with p value = 0.0001, 0.003, 0.0001 and
0.003 respectively as compared with control subjects.

Table 4 summarized the HRV indices before and after a period
of 30 minutes brisk walking three times weekly for 4-6 weeks
for both study groups. From the table, all HRV indices are
increased after physical activity in both study groups (obese
and control), however, obese had significant higher HRV
indices after physical activity (p <0.05 in all HRV indices) as
compared with HRV indices before the onset of the physical
activity, while the increase in HRV indices in control subjects
did not reach the level of significance (p > 0.05).

Table 5 showed a significant negative correlation between BMI
and SDNN in obese subjects (p=0.0001, correlation coefficient,
r= - 0.87), while in control subjects; there was negative
correlation between BMI and SDNN but this correlation did
not reach the level of significance (p=0.095, r=- 0.42).

Tablel: Anthropometric data of studied groups
BMI= body mass index

Obese Control

Parameter =49 =47 P value
98 +
Age, mean £ SD (years) 40.40 + 6.45 377 ?;i 0.094
+
BMI, mean + SD (Kg/m2)  33.07 +2.58 25‘853 0.0001
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Table 2: comparison between studied groups

Obese Control
Parameters ER SRt P value
Frequency % Frequency %
Male 28 57.2 27 57.44
0.99
Female 21 42.8 20 42.56

Table 3: Comparison of heart rate variability (HRV)
indices between obese and control subjects

HRY indices Obese Control P value
SDNN =+ SD (ms) 112.9 +26.1 161.8 + 49.6 0.0001
SDANN = SD (ms) 101.2 £ 40.3 137.01 + 68.4 0.003
rMSSD + SD (ms) 44.4+19.2 74.5+47.6 0. 0001
pNN50 + SD (%) 11.98 £ 8.71 17.28 + 8.84 0.003

HRV= heart rate variability; SDNN= standard deviation of all
normal sinus RR intervals during a 24 hour period; SDANN=
standard deviation of the averages normal sinus RR intervals
in all 5-minute segments of the entire recording; rMSSD= the
square root of the mean of the sum of the squares of differences
between adjacent RR intervals; pNN 50= percentage of pairs of
adjacent RR intervals differing by more than 50 millisecond.

Table 4: HRYV indices before and after physical activity in obese and control subjects

Obese control
HRY indices P value P value
before after before after
SDNN + SD (ms) 112.9 +£26.1 142.7 £25.6 0.0001 161.8 + 49.6 162.8 +25.9 0.9
SDANN =+ SD(ms) 101.2 £ 40.3 127.97 £29.9 0.001 137.01 + 68.4 151.9+37.4 0.19
rMSSD * SD(ms) 44.4 +19.2 63.8+24.9 0.0001 74.5 + 47.6 82.7 £ 40.0 0.37
PNN50 £ SD (%) 11.98 + 8.71 15.96 £ 9.25 0.04 17.28 + 8.84 17.77 £ 9.64 0.79

Table 5: Correlation between SDNN and BMI in obese and
control subjects

BMI (obese)

p-value r P

SDNN -0.87 0.0001
BMI (control)

p-value r p-value

SDNN -0.42 SDNN

Statistics: Variables were expressed as Mean + SD. Student’s t
test (unpaired 2 sample test) was used for comparing variables
between study groups. Value of P < 0.05 was considered
significant. Data were analyzed using MINITAB Release 16.1
of MINITAB statistical software.

Discussion:

The present study was designed to assess the effect of obesity
on HRV which is one of the tools to evaluate the cardiac
autonomic activity. In addition to assess the effect of regular
physical activity on 49 obese and 47 normal weight subjects.
HRYV analysis is based on the concept that rapid fluctuations in
heart rate may specifically reflect changes of sympathetic and
vagal activity. Previous work has shown that pNN50 and rMSSD
were measures of parasympathetic activity whereas SDNN
and SDANN reflect both sympathetic and parasympathetic
modulation of the heart rate (overall variability). (17)

This study showed that obese subjects had a significant
reduction in all HRV indices as compared with control subjects.
Overall low HRV values usually indicate a relative sympathetic
dominance, which may be due to high sympathetic activity
and/or low parasympathetic activity. (2) Decreased HRV
indices in obese subjects was previously reported by Takayuki
K. et al (18) and similar findings were reported by Facchini
M. et al. (19) Other studies showed a significant reduction in
parasympathetic activity with increasing body weight, which
were similar to the present study. (20) (11)

BMI was negatively correlated with SDNN which is a measure
of overall variability in both obese and normal weight subjects,
although the correlation in obese subjects was significant.
Consistent findings were reported by Quiliot D. et al and
Maite V. et al. (21) (22) Lower HRV indices in obese subjects
generally considered as an indicator of poorer autonomic
function. lower HRV or autonomic dysfunction has been
associated with several conditions of significant public health
concern, including diabetes and diseases of the cardiovascular
system.(23) Obesity, an important risk factor for diabetes
and cardiovascular disease, is associated with dysregulation
of autonomic function. It has been suggested that ANS
dysfunction is an important mediator in the development of
obesity-associated disease and insulin resistance although the
nature of the link between obesity and insulin sensitivity is still
unclear.(24) (25)

Furthermore, both study groups were subjected to 30 minutes
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brisk walking three times weekly for 4-6 weeks (regular
physical activity), the present study showed a significant
increase in all HRV indices in obese subjects after the onset
of physical activity, whereas HRV indices were also increased
in control subjects although the increase in HRV did not reach
the level of significance. High HRV values after the onset
of regular physical activity indicate a shift of sympathetic/
parasympathetic balance towards increased vagal activity.
Similar findings were reported by Sui X. et al (26) as the
improvement in HRV associated with regular physical activity
for obese subjects. Thus the present data suggests that physical
activity improves autonomic function as measured by HRV.
These findings were analogous to findings reported by Denise
FD. et al. (27) The underlying mechanisms by which regular
physical activity improves vagal modulation are speculative
at present, angiotensin II and nitric oxide (NO) are potential
mediator. (28)

Conclusion:

Obese subjects had asignificant lower values ofall HRV indices,
overall low HRV values usually indicate a relative sympathetic
dominance, which may be due to high sympathetic activity
and/or low parasympathetic activity. BMI was negatively
correlated with overall HRV index significantly in obese
subjects. High HRV values in obese subjects after the onset
of regular physical activity indicate a shift of sympathetic/
parasympathetic balance towards increased vagal activity
which is a marker for cardiac autonomic modulation that may
offset the negative effect of obesity.
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