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Objective The purpose of this study was to evaluate the salivary testosterone levels under psychological stress and its relationship with
rumination and five personality traits in medical students.

Methods A total of 58 medical students, who wanted to participate in the final exam, were selected by simple random sampling. Two
months before the exam, in the basal conditions, the NEO Inventory short form, and the Emotional Control Questionnaire (ECQ) were
completed. Saliva samples were taken from students in both the basal conditions and under exam stress. Salivary testosterone was mea-
sured by ELISA. Data was analyzed using multivariate analysis of variance with repeated measures, paired samples t-test, Pearson corre-
lation and stepwise regression analysis.

Results Salivary testosterone level of men showed a significant increase under exam stress (p<0.05). However, a non-significant al-
though substantial reduction observed in women. A significant correlation was found between extroversion (r=-0.33) and openness to
experience (r=0.30) with salivary testosterone (p<0.05). Extraversion, aggression control and emotional inhibition predicted 28% of
variance of salivary testosterone under stress.

Conclusion Salivary testosterone reactivity to stress can be determined by sexual differences, personality traits, and emotional control
variables which may decrease or increase stress effects on biological responses, especially the salivary testosterone.
Psychiatry Investig 2016;13(6):637-643
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INTRODUCTION

Stress is an environmental and psychological stimulus that
creates mental or physiological responses and may lead to dis-
ease in people. Mild stress can be useful for tasks and cognitive
performance, while constant and high stress leads to anxiety
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and depression.' When stresses occur in the body, sympathet-
ic-adrenal-medullary (SAM) reacts through norepinephrine
secretion and Hypothalamic-pituitary-adrenal (HPA) is acti-
vated by cortisol secretion.? However, serum, urine and saliva
cortisol are classical biomarkers to measure.**

Testosterone is a steroid hormone that is secreted during
24 hours by the testicles and has powerful anabolic effects on
skeletal muscle.” Testosterone level fluctuates during the day,
with very high levels in the morning and very low levels in
the evening.® The relationship between low testosterone levels
and sleep disorders has been demonstrated.” Previous studies
have shown that salivary testosterone is reflected in the func-
tion of sexual glands and its circadian secretion. Similar to the
serum testosterone concentrations, salivary testosterone ex-
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hibits a 24-hour rhythm that is significantly higher during
the morning hours than during sunset.* However, some find-
ings’ suggest that there was a significant negative relationship
between Composite Scale of Morningness (CSM) scores and
salivary testosterone level, Sleep duration was uncorrelated
with salivary testosterone. similarly, it has been found that a sig-
nificant negative association exist between the ratio of morning
and evening salivary testosterone and age.® Recently, research
evidence suggests that testosterone levels are reduced in re-
sponse to stress. For example, low levels of serum testoster-
one have been reported during psychological stress, physical
stress and actual stress (such as surgery).'” moreover, it is rec-
ognized that the relation between plasma testosterone levels
in men with psychological stress is non-linear (a threshold ef-
fect) and direct and linear correlation in women.!! Research
has also found that anticipatory stress can reduce testosterone
levels in men.'> Moreover, unlike the men with normal testos-
terone levels, men with low testosterone levels tend to have
more anxiety and irritability."

Academic exams are considered one of the acute psycho-
logical stressors, because success in exams is related to the fu-
ture professional life of students."* Exams (as psychological
stress) play an important role in the assessment of learning
outcomes and competence of students. In particular, medical
students experience a high level of anxiety during exams. Pre-
vious studies showed that exam stress can increase anxiety,
salivary cortisol level and blood pressure.'® However, there
are few studies on the relationship between testosterone lev-
els, and the exam psychological stress. A study showed that
exam stress increases the anxiety and salivary cortisol levels of
male students significantly, but decreased their salivary tes-
tosterone level.'” While, previous studies have presented valu-
able neurobiological findings related to men, there is less
knowledge in this field for a more general population of both
men and women.

As a psychological construct in relation to stress, rumina-
tion can lead to the initiation and maintenance of physiologi-
cal activities related to stress."”” The process of rumination is
constant and is involuntary thinking about negative events.'
Theatrically, rumination is a multifaceted and contains certain
aspects of depression, such as weakness of executive control,
creating negative thoughts, and insisting on the mental negative
status.” Rumination is important in both maintenance and
the increase of the severity of depression and stress and its in-
crease is associated with a rise in perceived stress." To date, re-
search findings confirm the relationship between rumination
and responses of cortisol”” and salivary alpha amylase to
stress. However, empirical research lacking on the relationship
between salivary testosterone and the trait of rumination, as a
psychological characteristics associated with stress. For this

638 Psychiatry Investig 2016;13(6):637-643

reason, we have tried to study the relationship between rumi-
nation and salivary testosterone under psychological stress.

Currently, literature states that people display different phys-
iological reactions significantly in dealing with a challenging
environment. In relation to the HPA system, consistent indi-
vidual differences in reactivity to stress have been observed us-
ing cortisol, however in the SAM system, it was related to
cardiovascular activity. What is less discussed is whether the
individual differences in biological reactivity to stress are, re-
flecting differences in basic human personality traits or not.
There is evidence that shows certain components of type A be-
havior, such as hostility, is associated with more cortisol and
cardiovascular responses to stress.”

Several previous studies have attempted to explore the pos-
sible relationship between stress and personality variables,
such as hardiness, sensation seeking, achievement motivation,
extraversion and neuroticism, however, these studies have
been conducted using higher levels of personality dimension
measurement tools that contain both specific groups and have
many internal correlations.'® In particular, testosterone level is
related to a number of behavioral and psychosocial variables,
such as feelings of hostility, anger, impulsivity, and aggression."

It appears that personality can be better explained by the
Five Factor Model of personality, which offers a normal struc-
ture of personality traits using the Personality Inventory NEO-
PI. This model has been widely accepted as the most promi-
nent structure of personality. According to this model, the
interpersonal variance in personality traits is explained through
five major dimensions of personality, such as extraversion,
agreeableness, conscientiousness, neuroticism, and openness to
experience.” Using this model, previous studies have reported

122

a negative correlation between neuroticism with cortisol* and

salivary alpha-amylase'**

as well as the finding of a nega-
tive” and positive' correlation between agreeableness with
salivary alpha-amylase. Nevertheless, our knowledge about
the relationship between the five personality traits and sali-
vary testosterone under psychological stress is still low. In fact,
there is a possibility that the salivary testosterone levels under
stressful conditions can be predicted by personality traits.
Therefore, in this study, we examined the relationship between
rumination and personality traits with salivary testosterone

under psychological stress in medical students.

METHODS

Participants

In this cross-sectional descriptive study, the population in-
cluded all the government medical students at Ahvaz Univer-
sity of Medical Sciences who wanted to participate in a final
exam. The inclusion criteria for the study included the ab-



sence of infectious disease; autoimmune; hereditary immune
deficiency; mental illness; lack of drugs to suppress the im-
mune system (immunosuppressive); no vaccine or blood; en-
docrine diseases such as diabetes; non-smoking; and lack of
surgery during two months before saliva sampling. Using Co-
chran formula and a simple random sampling method, 58
students (28 female; 30 male) were selected. Due to the stu-
dents being freshmen, the first exam was considered as a stress-
ful situation. The natural condition did not significantly change
the normal levels of biochemical factors, but in stress condi-
tion or mental pressure, changes are obvious. Thus, the exam
was considered a psychological stressful situation.'”** Data was
collected using the personality Neo-short form (FFI-NEO)
and Emotional Control Questionnaire (ECQ).

Questionnaires

The personality Neo-short form

In this study, McCrae and Costa’s 60-items questionnaire
(1992) was used. This scale measures the five major personal-
ity traits, which include: Neuroticism (N), Extraversion (E),
Agreeableness (A), Openness to Experience (O), and conscien-
tiousness (C). Each of these traits can be measured with 12
questions. The answer to the questionnaire is set based on a
five-point Likert scale: completely disagree (0); disagree (1);
indifferent (2); agree (3); and completely agree (4). Based on
Cronbach’s alpha coefficients by Costa and McCrae, the in-
ternal consistency of this scale for traits of N, E, O, A, and C
was 0.66, 0.77, 0.73, 0.68, and 0.81, respectively.” In this study,
using Cronbach’s alpha, the coefficient of reliability of the
questionnaire calculated for the traits of N, E, O, A, and C was
0.76, 0.68, 0.77, 0.72, and 0.81, respectively.

Emotional Control Questionnaire

The questionnaire was developed by Roger and Nesshoev-
er (1987) and was renewed by Roger and Najarian (1989).
The ECQ measures four scales: Emotional Inhibition, aggres-
sion control, ruminants or rehearsing and benign control mea-
sures; it has 56 items. Each sub-scale has 14 questions. The
score of a person in each sub-scale ranges from zero to 14 and
in the total scale ranges from zero to 56. High scores indicate
greater emotional control.* The validity of the questionnaire,
using internal consistency, and Cronbach’s alpha coefficient
calculated by Rafineya et al.,”” for each sub-scale of emotional
inhibition, aggression control, rumination, and benign con-
trol were 0.70, 0.76, 0.77, and 0.58, respectively and its total
validity was 0.68. In the study, the reliability coeflicient ob-
tained using Cronbach’s alpha coefficient for the total scale
was 0.78 and for each of the sub-scales of emotional inhibition,
aggression control, rumination, and benign control was 0.66,
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0.63, 0.68 and 0.73, respectively.

Methods

To conduct the research in the first phase, two months be-
fore the exam (basal condition), all participants completed
the Personality NEO- short form questionnaire and emotion-
al control Questionnaires (ECQ). Then, two days later, saliva
samples were taken to measure salivary testosterone in the basal
conditions. In the second phase, once again to measure salivary
testosterone during exam stress, saliva samples were taken at
the start of the exam. In both phases of sampling, all partici-
pants were asked not to have caffeine of the night before tak-
ing the saliva samples until the taking of the samples, and were
not permitted to eat any food one hour prior to the exam.'**
In order to complete the saliva sampling, subjects were asked
to collect their saliva for five minutes in tubes determined by
passive methods.'*** Sampling was performed in the same cir-
cumstances and particular time (10 am). Then, samples were
centrifuged in 3000 g for 15 min and the supernatant stored
at -70°C. testosterone level was measured by ELISA method
(Diametra, Italy).

Ethical principles

This project was approved by the code of ethics of ajums.
REC.1393.442 in student research committee of Ahvaz Jundis-
hapur University of Medical Sciences.

Statistical analyses

Statistical analysis was performed with SPSS version 18.
Data was analyzed using descriptive statistical methods in-
cluding mean and standard deviation, and multivariate analy-
sis of variance with repeated measures for the effects of with-
in-subjects factor (salivary testosterone levels measured at 2
steps) and interaction with gender, paired samples t-test to com-
pare the difference in salivary testosterone of the basal condi-
tions and under exam stress, and the Pearson correlation co-
efficient and stepwise regression analysis.

RESULTS

Demographic and Clinical Characteristics

The summary statistics concerning the demographic char-
acteristics and questionnaires data for all study participants
(n=58) are presented in Table 1. The study participants ranged
in age from 19-22 years, with a mean age of 19.5+0.712
years. There were 30 male participants (51.7%) and 28 female
participants (48.27%). Mean and standard deviation for the
neuroticism, extraversion, openness to experience, agreeable-
ness, conscientiousness, and rumination were 22.561+4.8,
25.41+5.08, 25.54+4.24,27.11+4.0, 31.04+5.58 and 7.6312.28,
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respectively (Table 1). tween within-subjects factor and gender was significant (p=
0.003) (Table 2).
Multivariate analysis of variance with repeated
measures for within-subjects factor Comparison of salivary testosterone levels
and interaction effects in the basal conditions and under exam
Mauchly’s Test’s results with p=0.037 rejected an assump- stress according to gender
tion of normal distribution. For this reason, we used the Green- The difference of salivary testosterone levels in the basal
house-Geisser correction test for the testing of the effect of conditions and under exam stress, according to gender of the
within-subjects factor (salivary testosterone levels measured subjects, was obtained using paired samples t-test (Table 3).
at 2 steps) and interaction effects between within-subjects According to results displayed in Table 3, male students’ sali-
factor and gender. Boxs M test results (p=0.014, 21.06) about vary testosterone levels under exam stress showed a signifi-
equality of variance matrix showed that the assumption of ho- cant increase compared to the basal conditions (p=0.05). A
mogeneity of variance-covariance matrix is established. Ac- statistically significant difference was not found in mean
cording to the results of the multivariate analysis of variance scores of female students’ salivary testosterone and even with-
with repeated measures (Table 2), significant difference was in the entire sample (Table 3).
not observed between salivary testosterone levels measured at
two steps (within-subjects factor). However, interaction be- Correlation of five personality traits
and rumination with salivary testosterone
Table 1. Demographic and clinical characteristics of the study According to the results in Table 4, only traits of extraver-
sublects (N=58) sion (p<0.05, r=-0.33) and openness to experience (p<0.05,
Variable Mean®SD (N, %) r=0.30) were significantly correlated with salivary testosterone
Age 19.540.712 under exam stress. However, in the basal conditions, only a
Sex positive correlation existed between openness to experience
Male 30 (51.7%) and salivary testosterone (p<0.01, r=0.43). Significant correla-
Female 28 (48.27%) tion was not observed for rumination and other personality
Rumination 7.6312.28 traits (Table 4).
Five personality traits
Neuroticism 2256+4.38 Stepwise regression analysis
Extraversion 25.445.08 In order to predict Salivary testosterone on the exam con-
Openness 25.54+424 dition, a Stepwise regression analysis was used (Table 5). The
results of the regression analysis indicated that only the trait
Agreeableness 27.11+4.0 ) . .
of Extraversion and subscales of emotional inhibition and of
Consciousness 31.04%5.58

aggression control from the Emotional Control Questionnaire

Table 2. Results of multivariate analysis of variance with repeated measures for within-subjects factor and interaction effects (N=58)

Source of Effects Test SS DF MS F Sig ES Sp
W-SE Greenhouse-Geisser 15449.5 1 15449.5 2.76 0.104 0.062 0.369
Interaction of W-SF and gender Greenhouse-Geisser 55000.0 1 55000.0 9.85 0.003 0.190 0.866

SS: sum squares, MS: mean square, ES: eta square, SP: statistical power, W-SF: within-subjects factor [salivary testosterone levels (pg/mL)
measured at two steps]

Table 3. Comparison the mean salivary testosterone (pg/mL) in basal conditions and under exam stress in the total sample and according
to gender

BST STE
Groups df t p
Mean SD Mean SD
Male (N=30) 149.45 78.54 22595 155.27 29 -2.63 0.016*
Fenale (N=28) 105.27 45.36 89.40 88.60 27 0.890 0.383
Total (N=58) 127.36 67.21 157.68 142.75 57 -1.66 0.104

*p<0.05. BST: basal salivary testosterone, STE: salivary testosterone under exam
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with coefficients (B); -0.33, 0.33 and -0.27 respectively, were
able to predict 28% of salivary testosterone on the exam con-
dition (Table 5).

DISCUSSION

The purpose of this study was to evaluate the salivary tes-
tosterone under psychological stress and its relationship with
rumination and five personality traits in medical students. As
shown in Table 1, the interaction between the internal factor
(salivary testosterone levels in 2 steps) and gender was signif-
icant. Indeed, psychological stress cannot alone make a dif-
ference of salivary testosterone levels in two stages, but gender
differences interfere in salivary testosterone reactivity to
stress. In addition, in male students, salivary testosterone level
under psychological stress was significantly higher than in the
two months before exam (the basal conditions), while, the
difference was not significant in female students, However,
salivary testosterone level under psychological stress was low-
er than in the two months before exam (the basal condition).
Still, in the total sample, testosterone level increased during
exam stress, which was non-significant. Based on these find-
ings, it is possible that salivary testosterone levels in stressful

Table 4. Correlation of FPT, rumination with salivary testosterone
level (pg/mL) in basal and exam situations (N=58)

Variable BST STE
Pearson’s r Pearsons r
FPT
Neuroticism 0.039 0.085
Extraversion -0.27 -0.33*
Openness 0.43** 0.30*
Agreeableness -0.025 -0.15
Consciousness 0.16 0.19
ECQ
Rumination 0.043 0.019
Emotional inhibition -0.18 -0.27
Aggression control 0.11 0.20
Benign control -0.060 0.020

*p<0.05, **p<0.001. BST: basal salivary testosterone, STE: salivary
testosterone under exam, FPT: five personality traits, ECQ: Emo-
tional Control Questionnaire

R Afrisham et al.

conditions may act as a stress response related to gender. In
other words, psychological stressors depend on gender and
this possibly leads to different biological responses, such as
increased salivary testosterone level in men or lower level in
women. This dichotomy may be more effective in stress reac-
tivity. In fact, the gender differences can be an inseparable part
of testosterone reactivity to stress.” Previous study; reported a
significant increase in male students’ salivary testosterone in
response to psychosocial stressors.” In another study on first-
year medical students, in order to assess the stress-reducing
effects of MBMS (Mind Body Medicine Skills Program),
changes in levels of cortisol, DHEA-S, testosterone, and IgA
were measured in both groups [(T2p)-post-intervention and
(T2c)-control] during the period of final examinations. The
results, after implementation of the intervention program
(MBMS) showed that cortisol, DHEA-S, and testosterone lev-
els at T2p were significantly lower than T2.”' Also, experi-
mental evidence on young animals, such as pigs, shows that
psychological stress (social stimulation) resulted in a signifi-
cant increase in testosterone levels and cortisol reduction in
young male pigs; whereas these changes were not observed in
the female pigs.” However, there are findings that indicate
lower levels of plasma testosterone in response to psychologi-
cal and physical stress, actual stress (surgery),” anticipatory
stress,”” and in particular, the reduction of salivary testosterone in
exam stress objective structured clinical examination (OSCE)."
This inconsistency of results may be due to differences in the
stressful situation and the possible consequences associated
with those conditions. For example, previous studies on hu-
mans™* *Y7 indicate that in competitive sports or
fights (as a stressful situation), winning or losing can respec-
tively increase or decrease testosterone levels. Also, these in-
consistencies may be the reason that relationship of testoster-
one reactivity and stress follows a U-shaped pattern; namely,
a non-linear correlation (a threshold effect) for men and a
direct and linear pattern for women. Based on the pattern,
lower levels of stress can lead to increased levels of testoster-
one in men up to a certain threshold, which is characterized

and animals

by a positive association, while reduced levels of testosterone
can be observed by high levels of stress, with a subsequent
leveling off. Therefore, the relationship between stress and
testosterone reactivity is determined by a negative associa-

Table 5. Stepwise regression analysis to predict salivary testosterone (pg/mL) under exam condition (N=58)

Model Variables MR R? F b P
1 Extraversion 0.333 0.11 523 -0.33 0.027
2 AC 0.463 0.21 5.60 0.339 0.025
3 EI 0.537 0.28 5.39 -0.27 0.049

AC: aggression control, EI: emotional inhibition
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tion in higher levels of stress." Nonetheless, the complex re-
lationship between testosterone and stress requires more re-
search in the field of psych-neuro-endocrinology.

Another hypothesis of this study was that salivary testoster-
one levels under stressful conditions were anticipated by ru-
mination and five personality traits. Unlike what we expected,
rumination with salivary testosterone was unrelated. In con-
trast, as mentioned above, previous studies have found a re-
lationship between rumination with salivary cortisol"® and
amylase salivary."” Our findings suggest that the traits of extra-
version and openness to experience have respectively a nega-
tive and positive correlation with salivary testosterone levels
under stress. These associations suggest that the trait of ex-
traversion in both genders can be associated with reduced sali-
vary testosterone. Comparing these associations with the basal
conditions indicates that there is a relatively constant pattern
of correlation with a slight difference between extraversion
and openness to experience with salivary testosterone in
both situations.

Personality traits can be effective on a person’s perception
of the stressful situation and this allows for different biologi-
cal reactions. Cognitive stress theory and previous research
have shown that personality influences the biological respons-
es to stress.” A remarkable finding of the present study was
that the results of regression analysis showed that the traits of
extraversion, emotional inhibition, and aggression control
have more roles in predicting of the salivary testosterone un-
der psychological stress. According to Beta coefficients ob-
tained, extraversion and emotional inhibition can predict a
reduction of salivary testosterone under psychological stress,
while aggression control predicts higher level of salivary tes-
tosterone under stress. Previous studies emphasize the role of
hormones, especially testosterone and cortisol, as risk factors
for aggression and violence.”® However, it is suspected that
anger and aggression are influenced by mechanisms of emo-
tional control and executive. Also, with regard to aggression,
self-regulation, and regulation of emotions, the perspectives of
psychology, psychiatry, and neuroscience insists on the role of
the control mechanism of the prefrontal cortex on anger and
aggression. Recently, researchers have suggested an increase
in functional connectivity between the amygdala and a net-
work of top-down controls of the prefrontal cortex during con-
trol of anger. This connection is stronger in people with high
testosterone.” In general, emotional inhibition and aggression
control through the activation of neurochemical mechanisms
in the brain, particularly as previous studies have shown that
the prefrontal cortex, may increase or decrease the testoster-
one reactivity to stress. This can be the basis for individual dif-
ferences in biological reactivity to stress.” It may also be the
main reason there are individual differences in biological re-
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activity to stress.

In summary, our findings indicate that the five-factor per-
sonality model and variables associated with emotional con-
trol (ECQ) may explain individual differences in salivary tes-
tosterone reactivity to psychological stress. In fact, as mediating
variables, they increase or reduce the effects of stress. How-
ever, minimal studies exist about the relationship between
psychological characteristics, especially five personality traits,
with salivary testosterone under psychological stress. So, this
study could be considered as a controversial and new study,
but many of the psychological variables are mutable, and un-
like other experimental variables, are less stable. Therefore, we
need to perform further studies on psychological and person-
ality factors and their interaction with gender under stress
condition. Also, with regard to the relationship between sleep”

and circadian cycles**®

with testosterone levels, we propose
that in future studies, interaction between personality traits
and testosterone based on these two variables be evaluated,
for the reason that the circadian rhythm of testosterone, Ac-
cording to various personality dimensions is also different.

In conclusion, in this study, we observe that salivary tes-
tosterone reactivity to psychological stress is different in both
genders. Men's response to stress leads to high level of salivary
testosterone, but women’s response to stress shows reduction
in salivary testosterone. In addition, we found that personality
characteristics and emotional control variables are associated
with biological responses to stress, particularly salivary testos-
terone.
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