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Abstract

Background: Pain is one of the most common reasons for patients to seek medical attention and it causes considerable human suffering.
Pain is a complex perception that differs enormously among individual patients. Gender plays an important role in how pain is experien-
ced, coped with and treated. Even young healthy individuals often differ in how they perceive and cope with pain. This study was done
to investigate gender differences in response to experimental pain among medical students from a western state in India. Methods: A
total of 150 medical students (86 males and 64 females) participated in this interventional study. The Cold Pressor Test was used to exert
experimental pain. To study the response, cardiovascular measures (radial pulse, systolic blood pressure and diastolic blood pressure)
and pain sensitivity parameters (pain threshold, pain tolerance and pain rating) were assessed. Results: No significant difference was
found in cardiovascular response to experimental pain between both the genders (p»>0.05). Pain threshold and pain tolerance were found
to be significantly higher in males whereas pain rating was found to be significantly higher in females (p<0.01). Pulse reactivity showed
a negative relationship with pain threshold and pain tolerance whereas a positive relationship with pain rating, however no statistically
significant relation was found between these measures. Conclusion: Females display greater pain sensitivity than males. Different pain
perception might account for gender difference in pulse reactivity.
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Introduction lly, females generally report experiencing more recurrent pain,
Pain is the most common complaint that significantly contribu- ~ More severe pain and longer lasting pain than males.® Many of
tes to patient suffering. Pain is an unpleasant feeling often cau-  the observed gender differences in pain prevalence (i.e., hea-
sed by an intense or damaging stimuli, such as stubbing a toe, dache, abdominal and visceral pain) appear to reduce beyond
burning a finger, or putting alcohol on a cut. The International the reproductive years.® Males and females respond differently
Association for the Study of Pain's widely used definition sta-  t0 various classes of pain medications, suggesting that physical
tes: "Pain is an unpleasant sensory and emotional experience  Pain relieving systems may differ in the two genders.” There is
associated with actual or potential tissue damage, or described @ growing body of literature that indicates females are more
in terms of such damage". Pain is a complex neuro-physiologi-  likely than males to be undertreated for their pain. It appears
cal and psychological process that differs enormously among  that gender affects not only pain perception, pain coping, and
individual patients, even those who have similar injuries or ~ Pain reporting, but also pain-related behaviors, including use
illnesses.’ of healthcare and the social welfare system.®

Gender plays an important role in how pain is experienced, Gender differences in pain perception can vary across different
coped with and treated.” Even young males and females often cultures.® There are not many studies regarding gender diffe-
differ in how they perceive and cope with pain.? In recent years ~ '€NCes in pain perception from healthy individuals in India.
gender differences in response to pain have received increased ~ We sought to illuminate whether gender differences exist in
attention and multiple studies have investigated these diffe- ~ response to experimental noxious stimulus in young healthy
rences using a wide variety of noxious stimuli. A number of ~ Medical students from a western state of India.

studies have demonstrated a higher prevalence of chronic pain

states and greater pain sensitivity among females compared Methods

with males.s The expansive body of literature in this area su-  Prior approval for this study was obtained from Sumandeep
Vidyapeeth Institutional Ethics Committee (SVIEC). It was an

interventional study design with the cold pressor test being

ggests that females have lower pain thresholds and tolerance
to a range of pain stimuli when compared to males. Additiona-

! Department of Physiology, S. B. K. S. Medical Institute & Research Center, Sumandeep Vidyapeeth, Piparia-391760, Vadodara, Gujarat, India.
?Department of Physiology, C. U. Shah Medical College, Surendranagar-363001, Gujarat, India.

Correspondence:
Pratik N. Akhani

Address: S. B. K. S. Medical Institute & Research Center, Sumandeep Vidyapeeth, Piparia-391760, Vadodara, Gujarat, India.
Email: pratikakhani@yahoo.com.

Int | Med Students e 2014 | Vol 2 | Issue 1 THE INTERNATIONAL JOURNAL of MEDICAL STUDENTS 13



INTERNATIONAL JOURNAL of
MEDICAL STUDENTS

Original Article

the intervention. Data collection occurred before and after the
cold pressor test. The study was conducted in the clinical labo-
ratory, department of Physiology, S.B.K.S. medical institute and
research centre. A total of 150 medical students (86 males and
64 females) from the S.B.K.S. medical institute and research
centre participated as subjects. Written informed consent was
obtained according to the ethical committee policy. Before tes-
ting, a detailed history was taken, followed by a general and
systemic examination of subjects.

Young healthy students between 17-20 years of age, who were
willing to give informed consent for participation, right handed
(for selection of uniform study population, as handedness may
affect sensitivity to pain.?), and females who were in pre-ovu-
latory phase of menstrual cycle (for selection of uniform study
population, as pain perception may vary during different pha-
ses of menstrual cycle.”) were included in the study.

Students with a history of local/bone injury in the right hand
(as this hand will be immersed in cold water), who were on
any form of diet or exercise regime for weight loss or gain, who
were taking any analgesics (as analgesics will reduce pain per-
ception), and who were taking medications which may affect
the Autonomic Nervous System were excluded. Students suffe-
ring from any known illness affecting or involving the Autono-
mic Nervous System e.g. Diabetes Mellitus, Thyroid disorder,
any cardiovascular or neuropsychiatric disorder, any menstrual
irregularities or disorders were also excluded from the study.

As showed in the CONSORT (Consolidated Standards of Repor-
ting Trials) diagram," out of a total of 186 students who were
approached for study, 150 were selected for study according to
the inclusion and exclusion criteria (Figure 1).

The height was recorded during inspiration using a stadiome-
ter. The subject was asked to stand erect on the stadiometer
bare foot. The horizontal bar of the stadiometer was placed on
the vertex of the subject and the readings were recorded.

Figure 1. CONSORT diagram showing selection of participants for study.

Approached for participation (n=186)

Body mass was measured by a digital standing scale. The sub-
ject was asked to stand erect on the digital weighing machine
bare foot and wearing light clothes. The readings were recorded
from the digital scale of the weighing machine.

Body Mass Index measurement: The Body Mass Index (BMI)
was calculated using the following formula:
Body mass index (BMI) = Weight (in kg)/Height* (in m2).

For the Cold Pressor Test (experimental noxious thermal sti-
mulus) subjects were asked to sit comfortably in a chair. After
10 minutes rest, the radial pulse, systolic blood pressure and
diastolic blood pressure were recorded. A Laboratory water
bath was filled with ice cold water, the temperature of which
was maintained between 4° Cand 8° C thorough the test using
a laboratory thermometer.” After that, the subject was asked
to immerse his or her right hand into the laboratory water bath
(palm down, water up to 5 cm above wrist level). Immediately,
two stop watches were started. Subject was asked to determi-
ne intensity of pain during test and rate it on a scale of o to 10,
Zero being no pain at all while 10 being the worst imaginable
pain.”* When the subject felt pain for the first time, one stop
watch was stopped. This time was taken as pain threshold
(first feeling of pain). Once the pain was unbearable, the parti-
cipant removed his or her hand and the second stop watch was
stopped. This time was taken as pain tolerance. Immediately
after the test, the radial pulse, systolic blood pressure and
diastolic blood pressure were recorded. Blood pressures were
recorded using a standardized mercury sphygmomanometer.
All the measurements were done by a trained laboratory te-
chnician.

All the instruments were calibrated regularly using standard
procedure as indicated.

Statistical analysis was done using SPSS version 17®. Unpaired
students t-test and Pearson’s correlation were applied, p-va-
lues < 0.05 were considered significant.

\

Excluded (n=36)
e Declined to participate (n=17 )
e Not meeting inclusion criteria (n= 19)

Left handed (n= 6)
Not in pre-ovulatory phase (n= 13)

Allocated to intervention (n=150)
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Results

The study population included 86 male students and 64 female
students (Table 1). The mean age of male students was 18.57
years and of female students was 18.37 years (p=0.33). The
mean height of male students was 1.57 meters and of female
students was 1.58 meters (p=0.43). The mean body mass of
male students was 53.42 Kg and of female students was 52.65
Kg (p=0.50). The mean Body Mass Index of male students was
21.79 Kg/m? and of female students was 21.14 Kg/m? (p=0.11).
Thus, the anthropometric parameters of both the study groups
were fairly uniform with p>0.05 for all the parameters.

were found to be significantly higher in males, whereas pain
rating was found to be significantly higher in females. Thus
females displayed greater pain sensitivity than males, a fin-
ding similar to Fillingim et al,” and Riley et al.”® However Nie
H et al,” found that females showed lower pain thresholds
than males, but this difference was not significant and was
likely due to small sample size (12 males, 12 females). The
mechanisms underlying these differences remain unclear. One
possible explanation suggests that males are more motivated
to tolerate and suppress expressions of pain because of the
masculine gender role, whereas the feminine gender role en-

Table 1. Age and anthropometric data of the study population (Unpaired student’s t-test).

Parameter Male (n=86) [Mean + SD] Female (n=64) [Mean = SD] p value
Age (in years) 18.57 £ 0.77 18.37 + 0.81 0.33
Height (in meters) 1.57 + 0.05 1.58 + 0.06 0.43
Weight (in Kg) 53.42 + 3.79 52.65 + 4.80 0.50
Body Mass Index (Kg/m?) 21.79 + 1.61 21.14 + 1.49 0.11

*p<0.05-statistically significant.

Table 2 shows gender differences in cardiovascular parameters ~ Courages pain expression and produces lower motivation to

in response to experimental pain. Mean pulse reactivity was tolerate pain among females.” Other mechanisms have been

higher in females (15.04 beats/minute) as compared to males proposed to explain the differing response to experimental

(12.91 beats/minute), but this difference was not significant ~ Pain between the genders, including hormonal factors, diffe-

(p=0.054). Mean systolic blood pressure reactivity was found to ~ rences in pain modulatory systems, and genetic factors. From

be higher in females (9.26 mmHg) as compared to males (8.9 2 more psychosocial perspective, another potential explana-

mmHg), but this difference was not significant (p=0.7). Also, tion for the gender difference in pain responses involves social

mean diastolic blood pressure reactivity was found to be higher ~ role expectancies. Different pain perception might account for

in females (6.3 mmHg) as compared to males (5.33 mmHg), but ~ gender difference in pulse reactivity. Hormonal influences may

this difference was not significant (p=0.26). Thus, there was no play a minor role.”

difference in cardiovascular response to experimental pain in

both the genders with p»0.05 for all the parameters. Sex hormones have effects throughout the nervous system

and their plasma concentrations change on a regular basis

Table 2. Gender differences in cardiovascular parameters in response to experimental pain (Unpaired student’s t-test).
Parameter (Post test value minus Pre test value) Male (n=86) [Mean = SD] Female (n=64) [Mean = SD] p value
Pulse reactivity (beats/minute) 12.91 + 8.69 15.04 * 6.76 0.054
Systolic blood pressure reactivity (mmHg) 8.9 + 7.1 9.26 + 6.28 0.70
Diastolic blood pressure reactivity (mmHg) 5.33 + 5.81 6.3 + 6.26 0.26

p<o.05-statistically significant.

Table 3 shows gender differences in pain sensitivity parameters
in response to experimental pain. Males showed higher pain
threshold (mean 22.57 seconds) as compared to females (mean
19.21 seconds) with p<0.05. Males showed higher pain toleren-
ce (mean 77.68 seconds) as compared to females (mean 57.92
seconds) with p<0.05. Pain rating during experimental pain was
found to be higher in females (mean 6.34) as compared to
males (mean s5.45) with p<0.05. Thus, females were found to be
more sensitive to pain than males.

Pulse reactivity showed a negative relationship with pain thres-
hold and pain tolerance while a positive relationship with pain
rating (Table 4), however no statistically significant relation was
found between these measures (p»0.05 for all correlations).

Discussion
Pain threshold and pain tolerance during experimental pain

among both females and males. Also, hormone levels change
throughout the menstrual cycle, during pregnancy, and after
menopause in females. These differences may have major
consequences for the pain perception. For example, a corre-
lation between elevated estrogen levels and perception of ex-
perimental heat pain has been shown in some studies where
elevated estrogen levels were associated with a lower heat
tolerance threshold and heat pain.?” In females, the pain mo-
dulatory system shows menstrual variation with more effect in
the ovulatory phase of cycle compared to the menstrual and
luteal phase.?>” Whereas males, in spite of a significant de-
crease in their testosterone levels with advancing age, appear
to be less vulnerable to changes in sex hormone levels during
their entire lifespan.®

In this study, we found an inverse trend between pulse reac-
tivity and pain sensitivity as indicated by pain threshold and
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Table 3. Gender differences

in Pain sensitivity parameters in response to experimental pain.

Parameter
(Post test value minus P

Pain threshold (seconds)

Pain tolerance (seconds)

Pain rating (o to 10)

Male (n=86)
re test value) (Mean = SD)
22.57 + 6.81
77.68 + 18.62

5.45 + 1.18

*p<0.05-statistically significant, **p<0.01-highly significant.

pain tolerance. This relation was also found by Myers et al.,*
and Otto and Dougher in their studies.?

No difference was found in cardiovascular response to expe-
rimental pain between both the genders, a finding similar to
Myers et al.* There is no consensus regarding the reactivi-
ty-pain relationship, some studies found a direct relationship
between systolic blood pressure reactivity and pain,*® and
others found an inverse relationship.*3' One possible explana-
tion may be our measure of reactivity as several participants
withdrew their hand from the cold water in very short time. An
interplay of blood pressure levels, sympathetic nervous sys-
tem and baroreceptor activity could explain the relationship
between blood pressure and response to experimental pain.

Female (n=64)

(Mean = SD) p value
19.21 + 6.95 <0.01%*
57.92 + 14.47 <0.01%*
6.34 +1.16 <0.01**

(NMDA and glycine) and estradiol produces significantly larger
currents in females than males.#' The female central nervous
system appears to be more sensitized to pain, as compared to
male central nervous system, due to this estrogenic increase in
excitability of spinal NMDA receptors.®

Many other factors that may be held responsible for gender
differences in pain perception include race and ethnicity of
person, endogenous and exogenous pain modulation, gonadal
hormones, cognitive or affective parameters such as coping
processes, and catastrophizing, the RIll reflex, pain related be-
haviors, social role expectancies, past painful experiences and
genetic factors.?

Table 4. Correlation of Pulse reactivity with Pain Threshold, Pain tolerance and Pain rating (Pearson’s correlation).

Characteristic
Male

Female

Pain Threshold
Pulse reactivity ['=-0.045, p = 0.7539

Pulse reactivity r=-0.144, p = 0.3173

*p<0.05-statistically significant.

Pain causes sympathetic stimulation and elevates blood pres-
sure levels which stimulates baroreceptors. These activated
baroreceptors, in turn, initiate a signaling cascade that causes
modulation of descending pain pathways to inhibit pain. The
theory of hypertensive hypoalgesia suggests that elevated res-
ting blood pressure levels will allow for a quicker stimulation
of this baroreceptor mediated pain inhibitory activity with pain
induced sympathetic arousal causing decreased pain percep-
tion in hypertensive individuals.?*3

Pain is a complex and subjective experience. There may be
gender differences in the neural mechanisms that mediate pain
perception. Size as well as morphology of various brain struc-
tures such as the corpus callosum, planum temporal, preoptic
hypothalamic area, and percentage of grey matter show gen-
der differences.?3 Resting regional cerebral blood flow rate
and the cerebral metabolic rate of glucose utilization may also
differ in both gender.?** The human forebrain structures show
gender related variation in their activation patterns in response
to experimental noxious thermal stimulus e.g. females show
significantly greater activation of the contralateral prefrontal
cortex, contralateral insula and thalamus when compared to
the males by positron emission tomography (PET) with intra-
venous injection of H 0. N-methyl-D-aspartate (NMDA) re-
ceptor function in the dorsal horn of spinal cord also differs in
males and females.20 Sustained activation of NMDA receptors
on the second order neurons by glutamate, released from to-
nically active afferent nerve endings, increases the excitabili-
ty of these neurons causing increased nociceptive responses.
Stimulation of NMDA receptors by the application of agonists

Pain tolerance Pain rating

I=-0.044, p = 0.7594 r=0.23,p=0.11

r=-0.0086, p = 0.9522 r=0.12, p = 0.42

Regarding the study limitations, more accurate and serial data
could have been obtained if automated pulse and blood pres-
sure (BP) recording had been done. Perceptions and reactivity
to pain might be different in a real life situation compared to
the laboratory set up. Moreover, we did not compared pain
response between patients in a pathological state compared to
those in a non-pathological state. Finally, we did not look into
the hormonal and psycho-social aspects of the participants
that could have been affected the pain response.

In conclusion our study suggests that gender of the subject
plays a significant role in response to experimental pain with
females being more sensitive to pain than males. There is a
need for further research to investigate physiological, psycho-
logical, and socio-cultural influences on response to experi-
mental pain.
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