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Purpose: This study investigated whether hormones and pain perception are associ-
ated with exam anxiety, and also whether exam anxiety is affected by seasonal dif-
ferences in testosterone and cortisol levels. Materials and Methods: Forty-six
healthy males were recruited from a medical college. Anxiety was induced by hav-
ing participants perform the Objective Structured Clinical Examination. Pressure
was applied to the participants to induce pain. Pain thresholds, pain ratings, anxiety
ratings, blood pressure, heart rate, salivary testosterone and cortisol levels were mea-
sured under resting and anxiety conditions in the spring and summer. Data were col-
lected from 46 participants during the spring (n=25) and summer (n=21). Results:
Pain thresholds and testosterone levels were significantly lower under anxiety than at
rest for all participants (n=46), while cortisol levels, pain ratings, and anxiety ratings
were significantly higher under anxiety than at rest. In the spring (n=25), testosterone
levels were significantly higher at rest than under anxiety, while there was no differ-
ence in cortisol levels between resting and anxiety conditions. In the summer (n=21),
cortisol levels were significantly higher under anxiety than at rest, while there was no
difference in testosterone levels between resting and anxiety conditions. There were
no significant seasonal differences in pain and anxiety ratings and pain threshold.
Conclusion: These results indicate that seasonal differences in testosterone and cor-
tisol levels under anxiety and at rest may affect pain responses. These results also
suggest that acute clinical pain may be relieved by managing anxiety that is related
to a decrease of testosterone in spring and a large increase of cortisol in summer.
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INTRODUCTION

Examination anxiety activates the sympathetic nervous system (SNS) and hypo-
thalamic pituitary adrenal (HPA) axis. Previous studies have shown that examina-
tion stress increases anxiety, salivary cortisol levels and blood pressure,'? and that
psychological stress increases the activity of the HPA axis with a subsequent rise
in salivary cortisol levels.> Some studies have indicated that higher stress ratings
during exams are associated with higher salivary cortisol levels, and that students
who report higher stress and have higher cortisol levels before the examination
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also tend to have significantly lower examination scores.>*

Furthermore, anticipatory stress decreases mean testos-
terone levels.” Human serum testosterone levels are low-
ered during psychological and physical stress, as well dur-
ing the acute stress of surgery.® Men with low testosterone
levels tend to be more irritable and anxious than men with
normal testosterone levels.” Animal studies have also re-
ported that testosterone has analgesic and anti-anxiety ef-
fects® and modulates opioid analgesia.’

Understanding seasonal variations in hormones is impor-
tant when evaluating the effects of hormones on pain re-
sponses. Seasonal variations in testosterone production in
various non-human species are known to affect behavior,
cognition, fertility, and morphology.'® Approximately 70%
of non-human species seasonally regulate glucocorticoid
concentrations and approximately 80% of those species
show a peak during breeding."" In addition to seasonal vari-
ations of basal glucocorticoid in animals, recent evidence
indicates that the magnitude of stress-induced glucocorti-
coid concentrations varies seasonally.'"'?

Studies on seasonal variation of hormones in humans,
however, have shown inconsistent results. Most studies
have found circannual variations in male testosterone lev-
els,*? although some have not.>*% In humans, few studies
have examined seasonal variations in salivary cortisol con-
centration: higher cortisol concentrations have been ob-
served during the summer and puberty,®® while one study
failed to show a seasonal variation of cortisol.*!

It is generally accepted that the induction of fear decreas-
es sensitivity to pain, whereas the induction of anxiety may
increase sensitivity to pain.**** Extant evidence suggests
that testosterone and cortisol levels are altered by stress and
anxiety;>* however, whether exam anxiety and pain percep-
tion are affected by seasonal differences in testosterone and
cortisol levels remains unclear. Therefore, we hypothesized
that seasonal differences in testosterone and cortisol levels
would affect pain responses to pressure stimuli at rest and
under anxiety. Hormonal changes and pain responses at rest
and under anxiety were compared in a total of 46 partici-
pants without considering season; then, hormonal changes
and pain responses at rest and under anxiety were com-
pared in the spring and summer.

MATERIALS AND METHODS

Forty-six healthy Korean male medical students were re-

cruited for this study (Table 1). They voluntarily participat-
ed in this experiment, which was held in the polyclinic of
the Department of Anesthesiology and Pain Medicine at
Yonsei University Wonju College of Medicine. All volun-
teers provided written, informed consent acknowledging
that 1) they would experience experimental pressure pain; 2)
no tissue damage would result from this stimulation; 3) all
of the methods and procedures were clearly explained; and
4) they were free to withdraw from the experiment at any
time. Participants with metabolic diseases or any other sig-
nificant clinical conditions which could influence the hypo-
thalamic-pituitary-gonadal (HPG) and HPA axes were ex-
cluded from the study. The Medical Ethics Committee of
Yonsei University, Wonju College of Medicine approved
this study.

The methods of this pressure pain study were similar to
those in a previously reported study on electrical pain.* After
publishing electrical pain data during Objective Structured
Clinical Examination (OSCE),* the pressure pain data were
analyzed according to season. The OSCE was completed
from 27 April 2011 to 12 August 2011 at the Department of
Anesthesiology and Pain Medicine of Yonsei University
Wonju College of Medicine. The OSCE uses a human anat-
omy model (dummy) for three basic medical anesthetic
technique tests: Test #1, intubation; Test #2, venipuncture;
and Test #3, local anesthesia. The pain experiments were
conducted twice, during a period of rest two days before
the OSCE and under anxiety on the day of OSCE. The ex-
periment conducted while the participant was under OSCE
was carried out during a break between the venipuncture
practice and the local anesthesia practice tests. The OSCE
is considered to be a very stressful exam for medical licen-
sure in Korea. Therefore, anxiety was induced by making
participants to perform the OSCE.

Participants sat in a chair and placed their left hand com-
fortably on their thigh. After saliva samples were collected,
participants were asked to rate their anxiety before the pres-
sure pain application both at rest and under OSCE. Before
pressure was applied at rest and under OSCE, blood pressure
and heart rate were measured using an automatic sphygmo-
manometer on the arm. Pressure pain was induced experi-

Table 1. Demographic Data (n=46)

Age (yr) 26.20+3.14
Weight (kg) 71.8349.03
Height (cm) 172.53+4.82
Body mass index (kg/m’) 23.13+2.85

Data shown are mean+SD.
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mentally using the tourniquet technique. A 12-cm-wide mer-
cury sphygmomanometer cuff (CK-101, Spirit Medical Co.,
Ltd., New Taipei, Taiwan) was placed tightly around the
wrist. Pressure was applied to participants equally at rest and
under OSCE to induce pain. The cuff was inflated to a pres-
sure of 300 mm Hg in a step-by-step fashion at a rate of ap-
proximately 10 mm Hg/sec until the participant first reported
pain. The pain threshold was defined as the lowest pressure
at which the participants reported pain. After the pain thresh-
old was reached, the pressure was increased to 300 mm Hg
and maintained for 15 sec. Participants were then asked to
rate their degree of pain. If the participants reported feeling
intolerable pain at a given pressure before reaching 300 mm
Hg, the pressure was not increased further. Ratings were as-
sessed using the numerical rating scale ranging from 0 to 100
(0=no pain and anxiety; 100=maximum imaginable pain and
anxiety). A pressure of 300 mm Hg is the level of pressure
routinely used in an orthopedic surgery procedure in order to
arrest hemorrhage. In fact, that level of pressure may be ap-
plied for longer durations in a clinical setting, but 15 sec at
300 mm Hg pressure was the maximum applied pressure in
this experiment in order to ensure participant safety.

Saliva samples were used to evaluate the activity of the
HPA and hypothalamic pituitary gonadal (HPG) axes be-
cause saliva sampling is noninvasive and has been previ-
ously validated for measurement of bioactive steroid hor-
mones.””?** Saliva samples were collected in the afternoon
(14:30-16:30) before applying pain stimuli on both rest and
anxiety days. On anxiety days, saliva samples were collect-
ed between the venipuncture and local anesthesia tests. A
saliva sample was collected once for each participant under
each condition. Four to five participants per week took part
in this experiment, according to the polyclinic schedule. In
order to minimize the effects of diurnal variations, saliva
samples were collected within the same time period for
both resting and anxiety conditions. In order to avoid the
possibility of contamination, participants were instructed to
avoid eating, drinking, chewing gum or brushing their teeth
for one hour prior to sampling. Passive drool was used be-
cause it is cost-effective and approved for use with almost
all analytes. Participants rinsed with water 10 minutes prior
to collection. With head tilted forward, participants drooled
down the straw and saliva was collected in a cryovial. After
the samples were collected, they were kept in a deep freezer
overnight or longer as needed.

The samples were thawed and spun at 3000 rpm for 5
minutes to obtain a clear, watery supernatant with low vis-

cosity for salivary cortisol and testosterone analysis (Gun-
Sei Biotec, Inc., Gwanak-gu, Seoul, Korea). Then, 100 uL
of saliva was removed for duplicate analysis of cortisol lev-
els using a commercial kit (DRG instruments GmbH, Mar-
burg, Germany). The lower detection limit of the assay was
0.1 ng/mL with inter-assay and intra-assay coefficients of
variance of <5% across the expected range of cortisol levels.
In addition, 100 uL of saliva was used for duplicate analysis
of testosterone levels using a commercial kit (IBL-America,
Minneapolis, MN, USA). The lower detection limit of the
assay was 10 pg/mL. Intra-assay coefficients of variation
for salivary testosterone were between 2.2 and 5.2%, while
inter-assay coefficients of variation for salivary testosterone
were between 3.2 and 9.6%.

The experiment was conducted in Wonju, South Korea at
an elevation of approximately 150 meters. Data were col-
lected from 46 participants during the spring (n=25) or sum-
mer (n=21). Mean temperature and humidity in the spring
(27 April-2 June 2011) in Wonju are 18.3°C and 56%, re-
spectively. Mean temperature and humidity in the summer
(29 June-12 August 2011) in Wonju are 25.7°C and 77.8%,
respectively.

Data from all 46 participants were analyzed together, and
then grouped by season. Grouped data were analyzed using
the paired-samples t-test and independent samples t-test
with PASW (Predictive Analytics Software) Statistics ver-
sion 20 (SPSS Inc., Chicago, IL, USA). Using repeated
measures analysis of variance, the interaction between sea-
sonal effects (spring and summer) and conditional effects
(resting and anxiety conditions) was investigated. A p value
of less than 0.05 was considered significant.

RESULTS

All 46 participants completed the pain trial up to 300 mm Hg
pressure under resting and anxiety conditions. None of the
participants felt intolerable pain before reaching the maxi-
mum 300 mm Hg in both conditions. Therefore, data from
all 46 participants were used in the analyses.

In all 46 participants sampled during the spring (n=25) or
summer (n=21), testosterone levels, pain thresholds, and tes-
tosterone/cortisol ratio were significantly lower under anxi-
ety than at rest. Pain ratings, anxiety ratings, cortisol levels,
systolic blood pressure (SBP) and heart rate were signifi-
cantly higher under anxiety than at rest (Table 2). Differ-
ences in SBP between anxiety and resting conditions were
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Table 2. Comparison of Hormone Levels and Other Parameters at Rest and Under Anxiety in Both Spring and Summer (n=46)

Resting condition Anxiety condition p value

Testosterone (pg/mL) 77.02+36.83 65.57+25.54 0.005
Cortisol (ng/mL) 2.50+2.33 3.9043.68 0.021
Pain ratings 31.91+19.60 46.96+22.59 <0.001
Anxiety ratings 25.33+12.08 48.41+17.99 <0.001
Pain threshold (mm Hg) 215.22445.15 171.96+52.09 <0.001
T/Cx1000 137.734239.92 59.27+122.72 0.009
SBP (mm Hg) 119.13+11.33 123.17+12.47 0.006
DBP (mm Hg) 75.17£10.16 77.0449.41 0.062
Heart rate (beats/min) 70.98+9.49 76.15+£12.49 0.003

T/C, testosterone/cortisol; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Data shown are mean+SD. Data were analyzed using a paired-samples t-test.

Table 3. Comparison of Hormone Levels and Other Parameters at Rest and Under Anxiety in the Spring (n=25)

Resting condition Anxiety condition p value

Testosterone (pg/mL) 88.64:+40.86 69.56+26.49 0.005
Cortisol (ng/mL) 2.74+2.46 3.03+2.85 0.689
Pain ratings 37.20+20.77 50.60+22.51 <0.001
Anxiety ratings 25.60+13.10 47.00+18.37 <0.001
Pain threshold (mm Hg) 212.80+43.26 173.20+£56.40 <0.001
T/Cx1000 131.64+259.64 78.70+158.83 0.148
SBP (mm Hg) 116.20+10.36 121.48+12.12 0.005
DBP (mm Hg) 73.16+£9.51 75.80+10.61 0.035
Heart rate (beats/min) 71.72+10.81 76.40+14.12 0.044

T/C, testosterone/cortisol; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Data shown are mean+SD. Data were analyzed using a paired-samples t-test.

significantly positively correlated with differences in pain rat-
ings between anxiety and resting conditions (r=0.397,
p=0.006, n=46) (Fig. 1). In other words, when there were
large differences in SBP between anxiety and resting condi-
tions, there were also large differences in pain ratings be-
tween these two conditions.

In the 25 participants sampled during the spring, testoster-
one levels were significantly lower under anxiety than at rest
(p=0.005), but there was no significant difference in cortisol
levels at rest vs. under anxiety (p=0.689) (Table 3). Pain
thresholds and pain and anxiety ratings did not vary signifi-
cantly by season.

In the 21 participants sampled during the summer, there
was no significant difference in testosterone levels between
anxiety and resting conditions (p=0.428), but cortisol levels
were significantly lower at rest than under anxiety (p=0.0006)
(Table 4). As mentioned above, pain thresholds and pain
and anxiety ratings did not vary significantly by season.

Testosterone level differences between anxiety and rest-
ing conditions in the spring were significantly higher than
those in the summer (Table 5). Cortisol level differences

between anxiety and resting conditions in the summer were

Pain rating differences

\
-30 -20 -10 0 10 20 30

Systolic blood pressure differences

Fig. 1. Correlation between systolic blood pressure differences and pain
rating differences under anxiety and resting conditions (n=46). Horizontal
axis: systolic blood pressure (SBP, mm Hg) differences between anxiety
and resting conditions (SBP under anxiety conditions-SBP under resting
conditions). Vertical axis: pain rating differences between anxiety and rest-
ing conditions (pain ratings under anxiety conditions-pain ratings under
resting conditions).

significantly higher than those in the spring (Table 5).

There was a significant interaction between seasonal ef-
fects (spring and summer) and conditional effects (resting
and anxiety conditions) on the cortisol levels (p=0.037).
Furthermore, there was a significant interaction between
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Table 4. Comparison of Hormone Levels and Other Parameters at Rest and Under Anxiety in the Summer (n=21)

Resting condition Anxiety condition p value
Testosterone (pg/mL) 63.19+26.07 60.81+24.12 0.502
Cortisol (ng/mL) 2.214+4.92 4.924+4.32 0.006
Pain ratings 25.62+16.33 42.62422.45 <0.001
Anxiety ratings 25.00£11.07 50.10+17.82 <0.001
Pain threshold (mm Hg) 218.10+48.23 170.48+47.80 <0.001
T/Cx1000 144.99+217.80 36.14+50.77 0.029
SBP (mm Hg) 122.62+11.68 125.19+12.86 0.282
DBP (mm Hg) 77.57+10.60 78.52+7.74 0.563
Heart rate (beats/min) 70.10£7.80 75.85+10.57 0.033

T/C, testosterone/cortisol; SBP, systolic blood pressure; DBP. diastolic blood pressure.
Data shown are mean+SD. Data were analyzed using a paired-samples t-test.

Table 5. Comparison of Differences between Anxiety and Resting Conditions in Spring with Differences between Anxiety and

Resting Conditions in Summer

Differences between anxiety and

Differences between anxiety and

resting conditions in spring resting conditions in summer il
Testosterone (pg/mL) 19.08+30.78 2.38+15.96 0.024
Cortisol (ng/mL) 0.29+3.58 2.72+4.05 0.037
Pain ratings 13.4+£10.38 17.00+£16.22 0.367
Anxiety ratings 21.40+11.68 25.10+18.32 0.412
Pain threshold (mm Hg) 39.60+41.48 47.62+37.54 0.499
T/Cx1000 52.94+176.95 108.85+£212.18 0.335
SBP (mm Hg) 5.28+8.64 2.57+10.65 0.346
DBP (mm Hg) 2.64+5.92 0.95+7.43 0.396
Heart rate (beats/min) 2.64+5.92 0.95+£7.43 0.396

T/C, testosterone/cortisol; SBP, systolic blood pressure; DBP, diastolic blood pressure.
Data shown are mean+SD. Data were analyzed using a independent samples t-test.

seasonal effects and conditional effects on testosterone lev-
els (p=0.03). There was not a significant interaction be-
tween seasonal effects and conditional effects in regard to
pain rating, anxiety rating, or pain threshold.

DISCUSSION

The results described herein indicate that hormones and pain
perception are changed by exam anxiety, and that exam anx-
iety is affected by seasonal differences in testosterone and
cortisol levels. When results from all 46 participants were
analyzed, testosterone levels and pain thresholds were sig-
nificantly lower under anxiety than at rest, while cortisol
levels, pain ratings, and anxiety ratings were significantly
higher under anxiety than at rest. Furthermore, when spring
and summer data were analyzed separately, the results
showed that seasonal differences in testosterone and corti-
sol levels under anxiety and at rest appeared to influence re-
sponses to pain stimuli.

Anecdotally, students have reported suffering from shak-
ing hands, quivering voices and increased blood pressure
during OSCE."* In all 46 participants of the present study,
anxiety ratings, SBP and heart rate were significantly high-
er under OSCE than at rest. Also, SBP differences between
OSCE and resting conditions were positively correlated
with pain rating differences between those two conditions.
These findings suggest that the OSCE-induced anxiety acti-
vated the SNS, which might have increased pain ratings
during the exam. Exam anxiety has been linked to signifi-
cant increases in blood pressure and heart rate in college
students.*! Stress also potentiates anxiety and induces in-
creased salivary cortisol, blood pressure, heart rate, and
subjective distress.*? Therefore, increased exam anxiety ap-
pears to increase SBP and pain ratings.

Salivary testosterone levels (88.64+40.86 pg/mL) collect-
ed in the spring when a subject was at rest were significant-
ly higher than those (69.56+£26.49 pg/mL) collected in the
spring when the subject was under anxiety (Table 3), while
salivary testosterone levels (63.19+26.07 pg/mL) collected
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in the summer when a subject was at rest were not signifi-
cantly different from those (60.81+24.12 pg/mL) collected
in the summer when the subject was under anxiety (Table
4). These results suggest that resting testosterone levels in
Wonju may increase in the relatively pleasant spring months
(88.64+40.86 pg/mL) and then decrease during the hot
summer months (63.19+26.07 pg/mL). These changes in
testosterone levels are in support of previous findings that
testosterone levels are the lowest in months with the highest
temperatures and longest hours of daylight.* Similarly, in
St. Louis, Missouri, the lowest testosterone levels were ob-
served in August, and St. Louis has a climate similar to Won-
ju (the highest daytime August temperature and the average
high temperature in August in Wonju are around 35°C and
30°C, respectively, while the average high temperature in
August in St. Louis is around 31°C).'8

We previously showed that testosterone levels in humans
are positively correlated with activation of the middle frontal
cortex during electrical and thermal pain stimulation, leading
to a decrease in pain perception.** During the pain stimula-
tion period, there is a significant negative correlation between
serum testosterone levels and activation of the medial dorsal
nucleus (the medial dorsal nucleus is thought to play a role in
the affective and motivational aspects of pain).** Further-
more, testosterone levels are positively correlated with pain
thresholds during stress,* and pain increases with a decrease
in testosterone levels 30 min post-competition,* suggesting
that high testosterone levels may decrease pain sensation.
The present results indicate that low testosterone levels in
both resting and anxiety conditions during the summer did
not contribute to increased pain perception under anxiety
during the summer. Although it was not possible to infer a
causal relationship between seasonal variation in testoster-
one and pain, the low testosterone levels observed under
anxiety conditions in the spring, compared to the high lev-
els observed under resting conditions in the spring might
contribute to the increase in pain perception observed when
individuals were under anxiety in the spring.

Salivary cortisol levels in the spring were not significant-
ly different when a subject was under anxiety (3.03+2.85
ng/mL) compared to at rest (2.74+2.46 ng/mL) (Table 3),
while the cortisol levels in the summer were significantly
higher when a subject was under anxiety (4.92+4.32 ng/mL)
compared to at rest (2.2144.92 ng/mL) (Table 4). These re-
sults suggest that cortisol levels may not increase in re-
sponse to anxiety during relatively pleasant spring weather
in Wonju, but they may increase in response to anxiety dur-

ing hot summer months. These results also indicate that
changes in cortisol levels in response to anxiety in the sum-
mer'2 might also affect the response to pain stimuli. This is
supported by a previous study showing that cortisol levels
are negatively correlated with pain thresholds during stress.*
Although it was not possible to infer a causal relationship
between seasonal variation in cortisol and pain, these re-
sults suggest that the high cortisol levels observed under
anxiety conditions during the summer, compared to the low
levels observed under resting conditions during the sum-
mer, might contribute to the increase in pain perception ob-
served when individuals were under anxiety in the summer.

The testosterone-to-cortisol ratios of all participants (n=46)
and participants in the summer (n=21) were significantly
higher in the resting condition than in the anxiety condition.
Because testosterone inhibits the activity of the hypotha-
lamic-pituitary-adrenal system, stress responses to threats
are weaker when testosterone levels are high.*” Testosterone
and cortisol function cooperatively to maintain appropriate
balance in how an individual responds to rewarding stimuli
vs. fearful or threatening stimuli.* It is hypothesized that, in
the amygdala, testosterone promotes reward-seeking and
approach behavior,*# while cortisol promotes fearfulness
and withdrawal behavior.*#*° A high testosterone-to-cortisol
ratio may enhance sensitivity to rewards relative to punish-
ments, and promote approach behavior rather than avoid-
ance reactions.® Individuals with a high testosterone-to-
cortisol ratio might experience decreased pain sensation,
which is shown in the present study by demonstrating that
pain ratings were lower in the resting condition, when indi-
viduals’ testosterone-to-cortisol ratios were higher.

This study has several limitations. It did not include all
four seasons because it was based around the polyclinic
schedule of the Department of Anesthesiology and Pain
Medicine. In order to clarify seasonal variations in testoster-
one and cortisol levels under stress and at rest, future studies
should be performed in a clinical practice or with a better
experimental model. Only male participants were included
in this study because there were too few female volunteers
available for the study. In future studies, female participants
should be included. Another limitation of this study is small
sample size. Therefore, a randomized, controlled trial with a
larger sample size is needed to validate the seasonal varia-
tions in testosterone and cortisol levels in participants at rest
and under stress.

Although diurnal variations in testosterone and cortisol

are relatively well understood, seasonal variations in testos-
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terone and cortisol are not adequately documented. Season-
al variation in testosterone is related to seasonal changes in
human behavior and physiology.*! Although further study is
needed to clarify the effects of seasonal variations of testos-
terone and cortisol on pain responses, understanding that
seasonal differences in testosterone and cortisol levels un-
der anxiety and at rest may affect responses to pain stimuli
could have important implications in a clinical practice.

In conclusion, the present study indicates that seasonal
differences in testosterone and cortisol levels under anxiety
and at rest may affect responses to pain stimuli, and these
differences should be taken into account in future studies
when investigating responses to pain stimuli. These results
also suggest that acute clinical pain may be relieved by
managing anxiety that is related to a decrease of testoster-
one in spring and a large increase of cortisol in summer.
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