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SANJEEV K. SINGH'*, ATANU ROY?, AK TIWARI!, PB SINGH*

'Department of Physiology, Institute of Medical Sciences, Banaras Hindu University, Varanasi.
’Department of Physiology, All India Institute of Medical Sciences, New Delhi.

ABSTRACT

Various studies have been conducted showing the effects of chronic pain on HRV but the same study has
not been conducted yet in the Eastern Uttar Pradesh. Present study was conducted to assess the effects
of chronic pain on HRV. The patients were chosen from the Pain Clinic with chronicity of > 6 months
duration and severity of > 3 on visual analogue scale. The age-sex matched controls were also selected.
ECG was recorded in the resting state and was analyzed for the HRV. Max RR interval, Min RR interval,
SDNN, RMSSD, pNN50 and mean RR interval in male cases is significantly different than the same
parameters of female cases (p < 0.05). The frequency domain parameters are not different in male cases
and male controls than the female cases and female controls respectively except L.F.ms? The
observations reveal that the sympathetic tone has either increased or remained normal and the
parasympathetic tone has decreased in both, male and female cases indicating the shifting of
sympathovagal balance in the sympathetic side. Though the gender related responses are not very
consistent, but it can be concluded that the HRV responses are different in males than the female groups.
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INTRODUCTION

The clinical relevance of heart rate variability (HRV) was
first registered by a scientist’ in the year 1965 and was
noted that fetal distress was preceded by alterations in
inter beat intervals before any appreciable change
occurred in the heart rate itself. The clinical relevance of
HRV was noticed in the late 1980s when it became clear
that HRV is a strong and independent predictor of
mortality after the acute myocardial infarction®*. After
the availability of new electrocardiographic recorders,
HRYV has become the potential parameter to provide the
information regarding the physiological and pathological
conditions of the cardiac muscles activity. The cardiac
automaticity is an intrinsic character of pacemaker
tissues; heart rate and rhythm are mainly under the
control of the autonomic nervous systems. The
parasympathetic effects on heart rate are mediated via
release of acetylcholine by the vagus nerve. Under
basal conditions, vagal tone regulates the heart rate and
variations in heart rate are mainly dependent on vagal
modulation. During the challenges, it is modulated by
the interaction between vagal and sympathetic activity
constantly. The chronic pain originating from the skeletal
system is very severe and prolonged which is sufficient
to alter the basal physiological activity of the autonomic
nervous system. It is well established that the chronic
pain causes alteration in the autonomic outflow. The
autonomic alterations and cardiorespiratory changes are
suggested to be mediated reflexly by the activation of
the peripheral nociceptors®’. The involvement of
vanilloid receptor-1 (VR1) has also been shown in this
regard®. It has also been shown elsewhere®'® that the
autonomic responses to the pain vary with the gender
which is supposed to be mediated by the male and
female hormones. Although some studies have been
done on the correlation between the chronic pain and
autonomic alterations'" but the same study has not been
done yet in the population of Eastern Uttar Pradesh,
India. Therefore, this study was conducted to compare
the HRV of the male cases versus female cases so that
the gender related differences in autonomic responses
could be understood. Further, the HRV of male controls
was also compared with the female controls to
understand the gender related differences in autonomic
responses in the population of Eastern Uttar Pradesh,
India.

MATERIALS AND METHODS

All the patients were informed about the study and were
enlisted after their written consent. Ethical clearance
(Ref No. Dean/2014-15/EC/512) was taken before the
commencement of the study from the Institute Ethical
Committee. This study was conducted to compare the
autonomic functions in the male versus female chronic

pain patients and also to compare between male and
female age-sex matched controls.

Selection of Cases and Controls

The patients suffering with chronic pain of skeletal origin
of severity > 3 on visual analogue score (VAS) and
duration of > 6 month were included in this study with no
history of chronic illness like diabetes mellitus,
hypertension, uremia, hyper/hypothyroidsm etc. Any
medication like calcium channel blocker, antidepressant,
neuroleptics, diuretics, antiepileptic & alpha and beta
blockers was considered for exclusion criteria. The age-
sex matched healthy persons were selected for the
comparisons of the HRV parameters and defined as
control. In the females, first week of menstrual cycle was
chosen for the performance of the tests to avoid the
endocrinal variations. 50 male cases and 28 female
cases were selected from the Pain Clinic, based on the
exclusion and inclusion criteria as mentioned above in
this paragraph. Non-random (convenient sampling)
method was done for the selection of the cases during
the period of 1 year. The same numbers of age-sex
matched controls were also selected in this study. All
the observations were categorized in to four groups:
male cases, female cases, male Controls and female
controls. All the parameters of male cases were
compared with female cases and male controls with
female controls to compare the effect of gender
difference on the autonomic responses.

Study design

The method of recording is described in details by the
same author elsewhere'. But in brief, the patient was
asked to lie down comfortably and after taking rest for
15 minutes, the ECG was recorded. ECG recording was
taken in standers Lead Il configuration using
POLYRITE-D (RMS, Chandigarh, India). The
temperature of the laboratory was maintained at 25 + 2
0C, with minimum light and noise. The patients were
briefed about the various procedures. The recording
was made for 600 seconds. A 50 Hz notch filter was
used to remove power line noise while electromagnetic
interferences were also minimized, since the laboratory
was shielded from electromagnetic influences. The
signal was processed using RMS POLYRITE software.
The recorded ECG signal was stored on a personal
computer and was analyzed later offline. A careful
manual editing was then performed by visual inspection
to mark the peaks. This was to remove artifacts as well
as insert missing peaks or delete false peaks and
artifacts. Abnormal beats were identified and dealt with
adequately, while recordings with a higher number of
ectopic beats were discarded from analysis. The
analysis of the detected RR waveform was carried out in
two domains: Time domain and Frequency domain.
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Flow chart explaining the acquisition of data
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In the time domain analysis, RR interval (the minimum,
maximum, max/ min ratio and mean RR interval), SDNN
(Standard deviation of the RR interval), RMSSD (the
square root of the mean of the sum of the squares of
differences between adjacent RR interval), NN50 (The
number of interval difference of successive RR intervals
greater than 50ms of RR interval) and the pNN 50 (the
proportion derived by diving NN50 by the total number
of RR intervals) were used as a parameter. In the
frequency domain analysis, Fast Fourier Transformation
(FFT) was used for the spectral power density of the
different component frequencies in the heart rate. A
hamming window was used and the power spectrum
was subsequently divided into three frequency bands:
VLF-0.001 to 0.04 Hz, LF-0.040 to 0.15 Hz and HF-0.15
to 0.4 Hz. The L.F.nu (low frequency normalized unit),
H.F.nu (high frequency normalized unit), L.F.ms? (low
frequency absolute unit) H.F.ms” (high frequency

Frequency domain

absolute unit) and L.H./H.F. ratio was recorded from the
software. Pooled data from the recordings are presented
in the form of mean and SEM. Statistical Analysis was
done by using Graph Pad Prism version-6. Unpaired
student’s t-test and two way ANNOVA was used
wherever required. P value < 0.05 was considered as
significant.

RESULTS

The heart rate variabilty (HRV) parameters were
analyzed using time domain and frequency domain
methods for the comparisons of autonomic responses in
the male cases versus female cases and male controls
versus female controls as differential autonomic
responses are proposed due to the gender differences.

HRV analysis of male cases and female cases
Time domain methods
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Figure 1

Time domain measures of heart rate variability (HRV) in male cases and female cases, a) RR interval maximum and minimum, b)
Maximum / Minimum ratio of RR interval, c) SDNN-standard deviation of RR intervals, RMSSD-root means of squared successive RR
intervals, NN50- number of interval difference of successive RR intervals greater than 50 ms of RR interval, d) mean RR interval. An

asterisk “*” indicates p < 0.05.
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HRV analysis of male cases and female cases
Frequency domain methods
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Figure 2

Frequency domain measures of heart rate variability (HRV) in male cases and female cases, a) L.F.nu-Low Frequency normalized unit and
H.F.nu-High Frequency normalized unit, b) L.F.ms’-Low Frequency absolute units and H.F.msz-High Frequency absolute unit, c) L.F. /
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H.F. ratio. An asterisk “*” indicates p < 0.05.

HRV analysis of male controls and female controls
Time domain methods
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Time domain measures of heart rate variability (HRV) in male controls and female controls, a) RR interval maximum and minimum, b)
Maximum / Minimum ratio of RR interval, c) SDNN-standard deviation of RR intervals, RMSSD-root means of squared successive RR
intervals, NN50- number of interval difference of successive RR intervals greater than 50 ms of RR interval, d) mean RR interval. An

asterisk “*” indicates p < 0.05.
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HRV analysis of male controls and female controls
Frequency domain methods
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Frequency domain measures of heart rate variability (HRV) in male control and female controls, a) L.F.nu-Low Frequency normalized unit
and H.F.nu-High Frequency normalized unit, b) L.F.ms*Low Frequency absolute units and H.F.msz-High Frequency absolute unit, c) L.F./
H.F. ratio. An asterisk “*” indicates p < 0.05.

Time domains

Maximum RR interval of male cases is 0.9 + 0.02 s and
female cases is 0.8 + 0.03 s which on comparison was
found significantly different than each other (p < 0.05;
Fig 1). Maximum RR interval of male controls is 1.0 *
0.02 s versus female controls of 0.8 + 0.04 s which was
found significantly different than each other (p < 0.05;
Fig 3). Minimum RR interval of male cases is 0.6 + 0.02
s and female cases is 0.5 + 0.01 s which was found
significantly different than each other (p < 0.05 ; Fig 1).
Minimum RR interval of male controls is 0.7 £ 0.02 s
versus female controls of 0.6 £ 0.03 s which was found
significantly different than each other (p < 0.05; Fig 3).
Max/min RR ratio of male cases versus female cases
and male controls versus female controls is not different
than each other (Fig 1 and 3). Mean RR interval of male
cases is 0.8 £ 0.02 s and female cases is 0.7 + 0.02 s
which on comparison was found significantly different (p
< 0.05; Fig 1). Mean RR interval of male controls is not
different than female controls (Fig 3). Mean SDNN of
male cases (52 + 3.21) is different than the female
cases (38 £ 3.51; Fig 1) and it is also significantly
different in male controls (45.9 + 3.72 ms) than the
female controls (30.9 + 4.41 ms; p < 0.05, Fig 3). Mean
RMSSD of male cases is 30.5 + 2.81 ms versus female
cases is 19.9 £ 2.59 ms which on comparison was found
significantly different (p < 0.05; Fig 1). Mean RMSSD of
male controls is 36.8 + 4.04 ms versus female controls
of 20.9 + 3.75 ms which was found significantly different
than each other (p < 0.05, Fig 3). Mean NN50 of male
cases is 34.8 + 7.83 count versus female cases is 14 +
6.19 count which on comparison was found significantly
different (Fig 1). Mean NN50 of male controls (30 £ 2.3)
is also different than the female controls (6 £ 3.2, Fig 3).

Mean pNN50 of male cases is 16.0 £ 3.01 % versus
female cases is 5.5 + 1.85 % which on comparison was
found significantly different (p < 0.05; Fig 1). Mean
pNN50 of male controls is not different than the female
controls (Fig 3).

Frequency Domains

The mean low frequency normalized unit (L.F.nu), High
frequency normalized unit (H.F.nu) and high frequency
absolute unit (H.F.msz) value in male cases is not
different than the female cases (Fig 2). But, the L.F.ms?
in male cases is different than the female cases (Fig 2).
The mean L.F.nu and H.F.nu value in male controls is
not different than the female controls but the L.F.ms? is
significantly different in male controls than the female
controls (Fig 4). The mean L.F: H.F ratio in male cases
is not different than the female cases (Fig 2) and the
same is also not different in the male controls than the
female controls (Fig 4).

DISCUSSIONS

The autonomic nervous system (ANS) consists of two
dynamic systems, sympathetic and parasympathetic
systems which balance the cardiovascular and other
visceral functions of the body. The basal level of ANS
activity may be affected by the exposure of chronic pain.
In this study, the heart rate variability (HRV) was
assessed and compared in male cases versus female
cases and the male controls versus female controls to
understand the effect of gender differences on
autonomic responses as reported elsewhere®'’. Both
time domain and frequency domain analysis of HRV
was performed in the resting state. Though, the Task
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Force of The European Society of Cardiology and The
North American Society of Pacing and Electrophysiology
has advised that the frequency domain parameters are
important for short period of recording and time domain
for long period of recording of ECG. As per the task
force, the simplest time domain that can be measured is
the mean RR interval. In the present study, when male
cases were compared with the female cases there was
a significant increase in the mean RR interval in male
cases, indicating a decreased HR in male cases in
comparison to the female cases. Since, both the groups
are exposed to chronic pain and the male cases are
showing comparative bradycardia and female cases are
showing comparative tachycardia which indicates that
the compliance to the pain in the male cases is better
than the female cases. The male controls has similar
mean RR interval than the female controls which
indicates that the basal sympathovagal balance is
similar in both the group. Standard deviation of the NN
interval (SDNN) reflects all the cyclic components
responsible for variability in the period of recording and
thus is an estimate of overall HRV. The male cases had
an increased SDNN as compared to the female cases
and male controls showed a significant increase in
SDNN when compared with the female controls,
depicting probably a gender specific differential
response to chronic pain. The role of gender differences
in the autonomic nervous system response may be due
to the effects of male and female sex hormones which
has been reported elsewhere'®. Such existing hormone
levels may also produce differences between pre- and
post-menopausal women and amongst pre-menopausal
women at different phases of the menstrual cyclem. As
per the Task force recommendation out of most
commonly used interval differences, the RMSSD
method is preferred to pPNN50 and NN50 because it has
better statistical properties. The male cases showed
significant increase in RMSSD as compared to female
cases and the male controls also showed significant
increase when compared with the female controls
indicating overall increase in HRV. These findings
indicate that there is an increase in sympathetic activity
in both the group but more in males than the females.
The probable reasons for such changes may be the
better compliance to the pain in male cases than the
female cases indicating differential responses to the
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