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ABSTRACT
Background

Analgesic effect of exercise is a well established fact; however available reports
are contradictory on gender differences in pain perception following exercise stress
test.

Objective

The current study is prospectively designed to evaluate and compare the effect
of acute bout of sub-maximal exercise stress on cold pressor pain in normal adult
males and females.

Method

The experimental study design involved healthy adults (n= 41); females (n = 18)
and males (n=23) aged between 18 to 25 years and included them into four sets of
experiments: SET | (Control), “resting blood pressure, radial pulse and respiratory
rate were recorded after 15 minutes of complete supine relaxation. SET Il (Cold
Pressor Pain Test): Pain Threshold, Pain Tolerance, and Pain Duration in seconds
were taken. SET Il (Exercise Stress Test): Sub-maximal exercise of 70 to 75% of
maximum predicted heart rate was given for 6 minutes. SET IV (Cold Pressor Pain
Test immediately after Exercise Stress Test): At 0 minute of recovery again the pain
parameters; Pain Threshold, Pain Tolerance, and Pain Duration in seconds were
taken. SET I, SET Il were performed in order on the first day and SET Ill and SET IV
on the second day to ensure only a single Cold Pressor Pain Test is performed in
each day.

Result

The data (Mean #SD) analysis showed significant increased in pain threshold
(males: 14.36+10.6 Vs 21.47+13seconds, p<0.001, females: 14.1+11.5 Vs 23.81+
20.22 seconds, p<0.001) and pain tolerance time (males: 41.3+19.31Vs 54.1+21.7
seconds, p<0.001) in both sexes after 6 min of acute bout of sub-maximal exercise
stress test with comparable age, BMI and baseline resting values of pain parameters
and pulse rate and blood pressure. The percentage increment pain tolerance time
following the exercise stress in female is higher than male (78.6 Vs 68.9%).

Conclusion

The result suggests that pain sensation decreases immediately after a brief period
of exercise challenge irrespective of gender, and the analgesic effect of the acute
bout of exercise in terms of pain tolerant time is more enhanced in females than
males.
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INTRODUCTION

Exercise stress has been reported to alter sympathetic
activity and muscle pain perception.! One of the
neuroendocrine responses to stress includes release
of endogenous opioid and non-opioid substances in
the circulation, which accounts for stress induced
modulation of pain observed in experimental or clinical
pain models.>* However, there are contradicting reports
regarding exercise-induced analgesia. The analgesic effect
of exercise may be entirely or in part a pain test artifact.*
A work of Sternberg et al, 1992 suggests that analgesia
during competition in athletes may be attributed to the
associated motivational factors and not only to the related
physical stress, per se.?® Similarly, Bartholmew experiment
on analgesic effect of intensity and condition of exercises
supports the prediction that the analgesic effect of exercise
is not limited to the controlled environment of experiment,
but to other naturally occurring situations as well.> Stress
of interpersonal competition may be a more significant
factor than physical exertion in decreasing pain perception
in case of male. On the other hand, women pain perception
appears to be more affected by the physical exercise rather
than the stress of competition.?

There are increasing evidences of sex differences in the
experience of pain for women and men.5!! Biological and
psychological factors are both important in explaining sex
and gender differences in pain experience.’ Cold pressor
pain studies suggest that though pain tolerance is greater
in male, the behavior of perception differs in women with
different phases of menstrual cycle and thus analgesic
effect of stress.’!3 Present study has observed the gender
differences of analgesic effect of exercise stress taking
these variations and contradiction of gender differences
in consideration. To overcome methodological pitfall as
found in other studies, where stress induced analgesia
by pain itself was the potentially confounding factor,
our experimental design had the provision to isolate the
responses to pain test alone from the exercise induced
modulation of pain by conducting pain test in two separate
days for each subject.***®

METHODS

Total forty-one (n=41) healthy adult volunteers; twenty-
three males and eighteen females selected by simple
random sampling technique. All of the subjects were
medical students and employees of BP Koirala Institute of
Health Sciences, Dharan and the study was carried out at
the laboratory of Department of Physiology in the same
institute. A questionnaire was used to collect the following
information from each subject: personal data, age, sex,
place of growing, and occupation, and all were screened by
physician-acquired history. In case of the female subjects,
the recordings were taken during mid-luteal (21 to 24
days) phase of their menstrual cycle to avoid any effects of
cyclical changes in pain perception. Any subjects presented

with signs/ symptoms of cardio-respiratory diseases or pain
related or autonomic dysfunctions and under medication
or symptomatic individuals with exercise stress test were
excluded in the study. Signed written informed consent
was taken from each participating individual which was
approved my BPKIHS ethical committee.

The experiment was designed to assess the effect of
exercise on the pain perception and tolerance in males
and females. Four sets of experiments were carried out
in temperature controlled (252 °C) laboratory in each
subject, irrespective of gender. SET | (Control): After
measurement of Body Height and Weight which was used
in BMI calculation, the vital signs such as Heart Rate, Blood
pressure and Respiratory Rate were recorded after 15
minutes of complete supine relaxation. SET Il (Cold Pressor
Pain Test): Pain Threshold, Pain Tolerance, and Pain Duration
in seconds were taken. SET Ill (Exercise Stress Test): Sub-
maximal exercise of 70 to 75% of maximum predicted heart
rate was given for six minutes. SET IV (Cold Pressor Pain
Test immediately after Exercise Stress Test): At 0 minute of
recovery again the pain parameters; Pain Threshold, Pain
Tolerance, and Pain Duration in seconds were taken. SET |,
SET Il were performed in order on the first day and SET Il
and SET IV on the second day to ensure only a single Cold
Pressor Pain Test is performed in each day.

This is a standard non-invasive test for acute pain
complying with the ethical guidelines by the International
association for the study of pain.'” The pain induced by the
test is reversible and does not cause any tissue damage of
the individual. This was carried out on the first day under
resting condition and immediately after exercise on the
second day of the experiment. Well instruction about
the procedure was given before the experiment. After
complete relaxation, subject was asked to immerse his/
her dominant hand in the ice water maintained at 1.5+ 0.5
oC and to report sensation of pain by raising another free
hand when begun and to take the hand out when it became
intolerable. A maximum time of three minutes was allowed
for every participant to remain the hand immersed in ice
water in case the subject did not report intolerable pain,
to avoid any permanent tissue damage.'®* Two stop watches
were simultaneously used to record Pain Threshold and
Pain Tolerance Time in seconds. Pain Threshold was the
time noted between the immersion of hand to the first
feeling of pain and Pain Tolerance was the total time the
subject kept hand immersed in ice water till the pain rises
to intolerable. By subtracting Pain Threshold from the Pain
Tolerance time the Pain Duration was calculated.

It was performed on the bicycle ergometer according to
standard WHO protocol.” At least two hours after the light
breakfast in the morning hours between 8:00 to 12:00 the
participants were advised to come. The test was conducted
on a programmable bicycle ergometer (Ergoline D72475
Bitz, Germany) beginning with 25 watts of exercise load. At
every interval of 2 minutes the bicycle was programmed to
increase load resistance by 25 watts and was performed for
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4 to 5 steps till the subject reached 70 to 75% of maximum
predicted heart rate. Heart Rate and blood pressure was
continuously monitored using wrist model automatic
Blood pressure and Heart Rate Meter (EW 272, Matsushita
Electric Works Ltd, Japan) for up to 6 minutes after the
subject reached sub-maximal level of exercise.

The significance of difference in pain perception between
males and females were analyzed using non-parametric
tests Kruskul-Wallis and Mann-Whitney U test and to
compare difference of the means between pre- and post-
exercise changes in CPPT within participants of the same
gender Wilcoxon Signed Ranks test was used. The values
were expressed as Mean and Standard Deviation and ‘p’
values less than 0.05 were deemed significant. For all the
statistical analyses, EPI Info (2000) software was used.

RESULTS

Demographic information and BP recorded at resting stage
and during exercise stress are shown in Table 1. All the 41
participants had age range between 18 to 30 years. There
were no overall sex differences in age; however, females
were slightly younger than males. BMI was also found
comparable between the sexes. The variation of pulse
rate responses during exercise for each individual fallen
between 70 to 80% of maximum predicted heart rate and
the post-exercise response did not differ significantly in
sexes.

Tablel. Demographic data and the values recorded during
resting and sub-maximal exercise stress test.

Male Female
Age (years) 24.04+3.9 21.2242.6
BMI (Kg/m2) 22.28+1.7 22.07+1.6
During Resting
SBP (mmHg) 116.25+ 6.5 113.34+ 4.9
DBP (mmHg) 69.87+7.6 65.05+7.1
PR (beats/ min) 78.01+ 15.9 80.02+ 13.3

During Sub-Maximal Exercise (Average of recorded values)

SBP (mmHg) 151+ 20 169+ 13
DBP (mmHg) 86+ 13.5 91.87+11.5
PR (beats/ min) 149+ 14 156+ 9.4

Following CPPT alone, we found the average pain
threshold and pain tolerance time was insignificantly
(p<0.82) differed between males and females. But still, the
pain tolerance time was found higher in males whereas
pain threshold was comparable in both sexes. However,
after the exercise stress test, both the pain parameters
increased significantly in males and females (Table 2).
During EX+CPPT, cold tolerance time was at p<0.001 and
pain threshold at p<0.01level of significant differences
compared to their baseline recorded values during CPPT
alone. While calculating the percentage changes from the
baselines during EX+CPPT (Fig 1), we found that percentage
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Figure 1. Percentage increase in PTh and PTol from its baseline
after the exercise stress test.
Table2. Comparison of the average threshold time and pain
tolerance time between CPPT and CPPT after the exercise (EX+
CPPT) in males and females.

Sex CPP-Threshold time CPP-Tolerance time
CPPT EX+ CPPT CPPT EX+ CPPT
Male 14.36+£10.6 21.47+13° 41.3+19.31 54.1+21.7°

14.1+11.5 23.81£20.22° 37.44+22.2 66.85+25.88°

Average time points are in unit of seconds and expressed as meanz SD.
(%) indicates p<0.001 for threshold time and (*) indicates p<0.01 for toler-
ance time compared to its baseline CPPT in males and females.
Abbreviation used: CPP: Cold Pressor Pain. CPPT: Cold Pressor Pain Test.
CPPT+EX: Cold Pressor Pain Test after the Exercise.

Female

increment in the pain tolerance time (78.6%) was higher
than the percentage increase of pain threshold time (68.9%)
in females. In males, the percentage increments of these
parameters were lower than females. The comparison of
post exercise values of pain threshold and pain tolerance
time showed no significant differences in pain responses
between males and females. During analysis, we excluded
the data of the participants who reached or exceeded the 3
minutes of cut-off limit of hand immersion duration in cold
pressor pain test before or after the exercise.

DISCUSSION

The present study adds the evidences that exercise does
cause alteration in pain perception basically producing
the analgesic effects, irrespective of gender. Hence, the
pain responses noted before the exercise stress test as
moderately painful was significantly reduced after the
stress test, suggesting an increased pain threshold and
pain tolerance time. It can be explained with possible
role of endogenous opioid system which is stimulated
by physical exercise and is responsible for exercise-
induced analgesia.***® Our finding was consistent with the
observation of Pertovaara on dental pain threshold and
the release of stress hormones.* In animal model of study,
Shyu had also reported an increase in pain threshold after
long lasting exercise in rats.?’ In addition to that, a work
of Kuoppasalmi reported an increment in discharges in
proprioceptive and other muscle afferents during exercise
which possibly activate inhibitory mechanisms at spinal or
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supraspinal levels in a way suggested by the gate control
theory of pain.?

While general mechanisms of stress-induced anti-
nociception may be invoked to explain exercise analgesia,
for example the descending inhibitory pathways of the
spinal cord dorsolateral funiculus, there have been few
attempts to specify exactly how exercise interacts with
those systems.?? Thoren et al presented a credible model
of exercise specific analgesia.?® The key element in their
model involves afferent activity from A-delta fibers located
in large muscle groups. Electrical stimulation of such fibers
in animals has been shown to increase central opioid
activity and to produce naloxone-reversible analgesia.
Exercise of these large muscle groups has also been shown
to produce activity in these afferent fibers.

In our study, pre-exercise resting values of pain threshold
was observed similar in both male and female groups
indicating that pain sensitivity is similar. This is supported
by Casey KL report stating that pain threshold is same for
everyone: that is, people perceive it at the same stimulus
intensity.2* Similarly, study done by Hellstrom and Lundberg
examined the pain thresholds and had found no significant
differences between males and females.’? The pain
tolerance time, the other parameter of pain was found
higher in males than females but significance of difference
was not seen. The finding of lesser pain tolerance has been
consistent through the research done with experimentally
induced pain.? 17,1926

Within gender, pain tolerance time seems to be further
influenced by both psychological and cultural backgrounds
and physiological factors such as athletic participation.?>%
A study has found that Eastern Cultures are more likely to
have a higher pain tolerance than Western Cultures.” The
groups with different cultural philosophies and spiritualities
that could, in part, explain the differences in pain
tolerance.?® Based on these it can be suggested that a strong
psychological component prevails in the expression of pain
tolerance. Regardless of biological differences, that one can
show asignificant higher level of pain tolerance based solely
on psychological processes instilled by a person’s culture. If
this is true between cultures then it could also explain for
gender differences. The belief throughout most cultures is
that, it is more accepted for women to express their pain
while men are supposed to be strong and hide their pain.
In addition, from the biological perspective lower levels of
pain tolerance in females also may be related with different
neuronal pain path for pain perception, which was found
to be present in female rodents.? Some of the studies also
provided evidences that pain sensation evoked by the cold
pressor test was increased during the late luteal phase in
normal menstruating women which was related to the
serum concentration of progesterone or on changes in the
S-progesterone level .33 However, in our study its influence
on gender differences of pain perception was not noticed
even after recording at mid-luteal phase of menstrual cycle.

The modification of pain perception can be produced by
the physical exercise which reduces sensitivity to noxious
stimuli, so called ‘Exercise Induced Analgesia or (EIA)’
and since exogenous and endogenous opioids produce
analgesia, it is reasonable to expect that exercise would
act as a trigger for endogenous analgesia expression in
human.**32 Qur report showed that exercise increased the
magnitude of pain threshold and pain tolerance significantly
when EX+ CPPT was done as compared to CPPT alone, in
both the genders. When CPPT was performed immediately
after exercise, BP, HR and RR were already high just before
doing CPPT. The EIA might be the cause of increase pain
threshold and pain tolerance in all subjects. In a study
by Cook and Pertovara, it was shown that exercise stress
altered the sympathetic activity and pain perception.>>1®

Because of differential analgesic hormonal responses to
exercise in male and female the pain sensitivity was more
decreased in females particularly pain tolerance time.®
EIA have been found to be relatively enhanced in females
as estrogen appears to be responsible for the impact
of estrous cycle on opioid analgesia. This suggests that
ovarian hormones may modulate the impact of stressors
on endogenous pain inhibition and other stress-responsive
systems. These unequal responsiveness is also supported
by al’ Absi M while observing the responses to naltrexone,
women exhibited reduced blood pressure and increased
pain tolerance after CPPT.3

Our study design differed from earlier studies for EIA,
where most of the research performed the pain test after
few minutes gap after exercise challenge.*'* CPPT was
performed immediately after exercise that might also
be the cause of enhanced effect than the other studies.
Another difference was in the intensity of exercise. In our
exercise protocol, the intensity of exercise was at the level
of 70% of maximum predicted heart rate, which might have
been sufficient for the activation of EIA. Similar type of
response was also found in the study of Petovaaral5 where
exercising at a sub-maximal aerobic workload, 70% of
maximal work capacity, was enough to produce dental pain
threshold elevation. However in general it is very difficult
to determine the intensity and duration of exercise, which
might produce analgesia, as the experimental protocols
are different in different studies. It is clear that pain
parameters vary greatly among individuals, comparison
of results with the different subjects acting as control and
experimental becomes erratic.®® But in our study same
subject acted as their own control as well as experimental,
therefore reducing the chances of inter-group variation in
pain perception.

Although the effect of exercise is significant on pain in
both male and female, the effect is higher in female than
male. Initially pain threshold was comparable in both the
groups but after the exercise value increased more in
female than male. However, the gender differences in the
pain parameters were not statistically significant (Table 2).
Also in the study by Kowalzkyk et al in which the number
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of participants was almost comparable to the present
study (20 men and 21 normally menstruating women, vs.
23 and 18 in the present study), no statistically significant
differences between men and women were observed.®®
Previous studies specifically designed to investigate gender
differences, in which the number of participants has been
of the order of 200 have demonstrated significant sex
differences in response to the cold pressor test.*¢* Hence,
this seems to be more likely explained by sample size,
which is the limitation of our study.

CONCLUSION

The present study design overcomes the methodological
pitfalls which leads to adaptation of cold pressor test as
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