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ABSTRACT

Background

Cold pressor induced pain elicits sympathetic responses which can be monitored by
measuring blood pressure, heart rate and respiratory rate after exposure to the cold
stress.

Objective

This study was done to evaluate gender difference in acute pain induced by cold
pressor test on blood pressure, heart rate and respiratory rate of healthy individuals.

Method

Our study was cross sectional study with the sample size of 40 including 20 male
and 20 female undergraduates. Acute pain was induced by immersion of hand in
cold water at 4°C. Changes in blood pressure, heart rate and respiratory rate were
recorded by the digital sphygmomanometer and AD Instruments (Model: ML856,
Serial: T26-4025) and analysis was done by Lab Chart 7 Pro v 7.3.3 respectively. Acute
pain parameter like pain threshold was also recorded. Statistical analysis was done by
using Paired “t” test and non-parametric test.

Result

The present study enrolled 40 participants, aged between 18 — 24 years, and body
mass index from 15.78 — 36.06 kg/m?. The respiratory rate was increased in both
males (17.3043.19 to 19.0+3.21, P=0.01) and females (18.60+1.98 to 19.90+2.82,
P= 0.01) however significant increase in heart rate was only found in females
(77.80+8.07 to 80.70+7.80, P=0.03) after cold pressor test. The systolic as well as
diastolic blood pressure did not increase significantly after cold pressor test. The pain
thresholds ranged from 25.2 to 105.8 seconds (61.60+23.26, male Vs. 52.69+18.49,
female, p = 0.188).

Conclusion

Our findings point towards autonomic adjustments suggesting more of sympathetic
over activity immediately after cold pressor test.
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INTRODUCTION

Cold Pressor test was first introduced by Hines and Brown
in 1932, to determine vascular reactivity.! Immersion of
limb in cold water has long been known to induce acute
pain.? The International Association for the Study of Pain
(IASP) defines pain as unpleasant sensory and emotional
experiences, associated with actual or potential tissue
damage.® After being stimulated by acute pain, the
sympathetic system increases heart rate, blood pressure,
skin conductance, pupil size and respiratory rate;
nevertheless, heart rate and blood pressure usually return
to normal levels within a very short period of time after
withdrawal of the stressor.**®

In healthy subjects, stress exerted through the cold pressor
test (CPT) stimulated sympathetic system and produced
an acceleration of the blood pressure both systolic and
diastolic.>*? The heart rate (HR) response to this test is
less well defined, with a high inter-individual variability
and not homogenous for the entire CPT period.>**** Two
major pattern either increased or unchanged heart rate
was observed in response to cold pressor test.!l11415
During the cold induced acute pain, both rate and depth
of respiration was increased. The increase in rate and tidal
volume indicates that cold induced pain has a stimulatory
effect on ventilation.”

Cold pressor test has been used for the diagnosis of
cardiovascular reactivity in normotensive and hypertensive
subjects and the responses to CPT may help to identify
normotensive candidates at future risk of suffering from
hypertensive disease.® Thus the aim of this study was to
estimate the changes in the cardio-pulmonary parameters
in response to acute pain produced by cold pressor test in
healthy subjects.

METHODS

A cross sectional study was carried among forty healthy
undergraduates, twenty males and twenty females, aged
between 18 to 24 years, at Kathmandu University School
of Medical sciences (KUSMS) Chaukot, Kavre. Recruitment
was started from April 2016 to September 2016 after
taking approval from institutional review committee
of Kathmandu University School of Medical Sciences/
Dhulikhel Hospital (IRC-KUSMS). Sample was collected
randomly from the population. Subjects suffering with
cardiorespiratory disease and autonomic dysfunction were
excluded from the study.

Each subject was called individually to departmental
research laboratory, asked to sit on the chair comfortably
and relax for five minutes. Meantime, respiratory belt
was wrapped around the chest and then the transducer
was connected to an ADInstruments (Model:ML856,
Serial:T26-4025); cuff of the digital sphygmomanometer
was tied on the middle of the non-dominant arm. Acute

pain was induced by cold pressor test (immersion of
dominant hand upto wrist in cold water at 4°C until the
subject perceived the sensation of pain) and the heart
rate, blood pressure, respiratory rate were recorded
before and immediately after the pain was felt. Acute
pain parameter like pain threshold was also recorded in
seconds. Comparison was made between values recorded
before and after cold induced pain.

The data thus obtained were exported to Microsoft Excel
and then to Statistical Package for the Social Sciences
(SPSS), version 16 for further analysis. The Results were
analyzed by student’s t test and non-parametric test. In
all tests performed, p value <0.05 was considered to be
significant.

RESULTS

Out of 40 undergraduates, 50% were males and 50% were
females. The age range of participants were 18 — 24 years.
We observed that the respiratory rate was increased
significantly with CPT in both males and females however
significant increase in heart rate was only found in females.

In males, the heart rate, systolic blood pressure and
diastolic blood pressure were increased after cold pressor
test but not significant. Insignificant increase in systolic as
well as diastolic blood pressor was also found in females.
While comparing between male and female, difference in
heart rate was more in female than male and difference in
systolic blood pressure, diastolic blood pressure, respiratory
rate were more in male than female but not significant.

Table 1. Anthropometric variables of male and female subjects.

Variables Male Female P value
Mean = SD Mean = SD

Age (years) 21.45+1.66 20.0+1.41 0.005

BMI (kg/m?) 22.3914.21 21.1944.09 0.368

Pain Threshold (Seconds)  61.60+23.26  52.69+18.49 0.188
The pain thresholds in the subjects ranged from 25.2 to
105.8 seconds with mean pain thresholds not significantly

different between males and females as shown in Table 1.

Table 2. Effect of gender on cardiopulmonary variables before
and after cold pressor test

Variables Gender Before CPT  After CPT P
MeantSD MeantSD value
Heart Rate (bpm)  Male 76.3548.21 77.70+6.88 0.36
Female 77.80+8.07 80.70+7.80 0.03
Systolic Blood Male 121.40+9.01 123.95+11.22 0.44
Pressure (MMHE)  rorale  105.50:9.66  109.60411.03  0.10
Diastolic Blood Male 74.8416.59 76.50%6.59 0.23
Pressure (MMHE)  rorale  68.6568.24  71.25:854  0.08
Respiratory Rate Male 17.30+3.19 19.0+3.21 0.01
(EEE i) Female 18.60+1.98  19.90+2.82  0.01
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The effect of acute pain induced by cold pressor test on
heart rate, respiratory rate, systolic and diastolic blood
pressure in male and female subjects are shown in Table 2.

Table 3 shows difference between male and female in term
of variation in heart rate, systolic blood pressure, diastolic
blood pressure and respiratory rate.

Table 3. Comparison of difference in Cardiopulmonary
Parameters in Male and Female Subjects

Variables Male Female P value
Median £ IQR Median £ IQR

Difference in HR 1.045.5 2.5%4.75 >0.05

Difference in SBP 3.0+12.5 2.5%9.75 >0.05

Difference in DBP 2.5+9.25 2.0+8.0 > 0.05

Difference in RR 2.5%4.75 2.0£1.75 >0.05

DISCUSSION

In this study, pain threshold during cold pressor test was
found to be higher in males compared to females, but this
difference was not significant and was likely due to small
sample size (20 males and 20 females). Similar result was
found by Nie et al.'®* However several researchers found
that males showed significant higher pain thresholds than
females.? Mechanisms posited to account for these
differences remain unclear. It has been suggested that
several factors such as sociocultural factors, genetic factor,
body size, anxiety and hormonal influences may play role.*
It is claimed that the gender differences in pain sensitivity
is due in part to the effect of gonadal hormones. There
are two main gonadal hormones in female, estrogen and
progesterone and their concentration in plasma changes
during menstrual cycle. Physiologically, the menstrual
cycle is divided into three phases: the follicular phase, the
ovulatory phase, and the luteal phase. The follicular phase
is characterized by low levels of estrogen and progesterone
and high levels of the follicular stimulating hormone (FSH).
Theovulatory phaseischaracterized by a peak concentration
of estrogen and the peak of luteinizing hormone (LH). The
luteal phase is characterized by high levels of progesterone
and low levels of FSH, LH, and estrogen.® Some researchers
found increased pain sensitivity during luteal phase relative
to follicular phase of menstrual cycle and those high serum
progesterone concentrations corresponds to that.*?*
Progesterone increases excitability of spinal neurons by
altering the permeability of ion channels. Thus it decreases
pain threshold and increases pain sensitivity in the females.
It has also been shown that luteinizing hormone (LH)
surge which occurs two days prior to ovulation in females
decreases analgesic response in females by desensitizing
brain opiate receptors.?’ This is probably because the
W receptors in healthy brain are activated differently in
response to pain in both males and females.” It has also
been proved that testosterone has a masking effect on

the perception of pain.®* Endorphins, the endogenous
analgesic substances that cause activation of analgesic
system in the body, are released more in male. Thus higher
quantity of endorphin in the males greatly increases their
pain threshold.*®

In the present study, Cardiopulmonary parameters such
as heart rate, blood pressure, respiratory rate were tend
to increased immediately after cold pressor test however
HR was significantly increased in females and RR was
increased in both males and females after the experiment.
In healthy human subjects, cold pressor triggers an
increase in heart rate, systolic as well as diastolic blood
pressure and respiratory rate.®” Immersion of a hand
in cold water acts as a pain stimulus and causes massive
stimulation of the sympathetic nervous system and release
of norepinephrine. This sympathetic stimulation triggers
arteriolar constriction, increased HR, and increased
cardiac contractility. Both increased cardiac contractility
as well as heart rate increases cardiac output. Increased
cardiac output increases systolic blood pressure and
arteriolar constriction increases diastolic blood pressure
respectively.? Mourot et al. observed either increased or
unchanged heart rate response to pain induced by the cold
stimulus.® Thus they hypothesized that heart rate response
could be associated with increase of baroreceptors
stimulated vagal activity concomitant to the persistent
sympathetic involvement.

Pain is a form of stress induced by CPT may cause either
respiratory stimulation or inhibition, depending on its
character, origin (visceral or somatic) and intensity.
Nociceptive afferents can reflexly stimulate the respiratory
centers. This stimulation of respiration could be
secondary to the excitatory inputs of the higher centers to
cardiorespiratory centers in the lower brainstem.” There
are studies showing that blockade of pain during CPT
did not produce the pressor response indicating that it is
the sensation of pain which is responsible for the type of
cardiorespiratory response observed.?®

Our study recorded the cardiopulmonary parameters
before and immediately after cold pressor test applied. We
did not record blood pressure, heart rate, and respiratory
rate during the intervention (CPT). Sample size was also
smaller. In future the author would like to recommend
evaluating above mentioned parameters during the
intervention with larger sample size. Females participating
in this study were not asked about their menstrual history.
In future that should also be kept in mind.

CONCLUSION

Our findings pointed towards autonomic adjustments
suggesting stress such as pain induced through cold pressor
test stimulates sympathetic nervous system.
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