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Psychological stress stimulates physiological responses releasing catecholamines and corticoids, which
act via corresponding receptors on immune cells, producing a shift in the cytokine balance. These
responses are variable depending on the nature of stressors. The effect of the academic stress on the pro-
duction of the Th1-cytokines (TNF-a, IFN-c, IL-1b, IL-2, IL-6 and IL-8) and Th2-cytokines (IL-1ra, IL-4, IL-5
and IL-10) on 35 medical/health sciences students after completing their questionnaires was investi-
gated. Blood samples were taken at three stages; baseline stage at the beginning, midterm and final aca-
demic examination stages. Plasma cortisol and cytokines were measured during the three stages. The last
two stages were compared with the baseline non-stress period. Results of the stress induced during the
final examination stage were the highest with a significant increase in cortisol release, IL-4, IL-5 and IL-
1ra release with a shift in Th1:Th2 cytokines balance towards Th2. Whereby, the midterm stage did not
show significant reduction in Th1-cytokines except for TNF-a, with an increase in IFN-c level that was
reduced in the third stage. Th2 cytokine, IL-1ra, had positive correlations with Th1 cytokines; IL-2 and
IFN-c in the second stage and IL-6 cytokine in the third stage. Cortisol was positively correlated with
IL-8 in the last stage and heart rates had negative correlation with IL-10 in the first and last stages.
Findings of this study indicate that exam stress down-regulates Th1 with a selective up-regulation of
Th2-cytokines. In conclusion, Cortisol might have a role in suppressing the release of Th1- mediated cel-
lular immune response which could increase the vulnerability among the students to infectious diseases.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The relationship between psychological stressors and immunity
has gained lots of interest among scientists and clinicians in the
field of health psychology and psychoneuroimmunology. Studies
on psychological stress found that depending on the type of stress,
stress hormones may suppress or enhance the immune function.
Some studies suggested that stress hormones such as glucocorti-
coids and catecholamines inhibit the production of proinflamma-
tory cytokines. Whereby, they stimulate the production of the
anti-inflammatory cytokines (Chrousos, 2000; Connor et al.,
2005; Dhabhar et al., 2014; Elenkove and Chrousos, 2002). Other
studies indicated that stress hormones in stress are potential medi-
ators of exhaustive exercise-induced immunosuppression (Kohut
et al., 2005). On the other hand, researchers also suggested that
certain local responses and under certain conditions, stress hor-
mones actually may boost regional immune responses by increas-
ing the production rate of the pro-inflammatory cytokines such as
Interleukin-6 (IL-6), Tumor necrosis factor - alpha (TNF-a) and
Interferon (IFN)-gamma (Maes et al., 1998; Elenkove and
Chrousos, 2002). Moreover, recent studies indicated that psycho-
logical stress causes sympathetic responses in the autonomic ner-
vous system leading to several effects such as reducing heart rate
(Föhr et al., 2016, Lee et al., 2014).

Cytokines are small proteins released by white blood cells and
modulate the balance between humoral and cell-based immune
responses. They have a specific effect on the interactions and com-
munications between cells. CD4-expressing T helper cells are the
major source for cytokine production and regulation and they are
of two subtypes of cells known as helper T cells type 1 (Th1) and
type 2 (Th2) (Chen, 2007). Th1 can evoke cell-mediated immunity
and phagocyte-dependent inflammation and make disease worse
by producing proinflammatory cytokines such as IFN-c, IL-2,
TNF-a, IL-6, IL-8 and IL-1b. Th2 cells are known to evoke strong
humoral-mediated immunity with antibody production and eosi-
nophil accumulation by producing anti-inflammatory cytokines
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such as IL-1ra, IL-4, IL-5 and IL-10 which counteract the Th1 medi-
ated response (Chen, 2007, Shinkai et al., 2002). Excessive proin-
flammatory responses as in acute inflammation can lead to
uncontrolled tissue damage, fever, inflammation and, in some
cases, shock and death. Whereas, excessive Th2 response, as in
chronic inflammation, is associated with allergies and atopy
(asthma, eczema, allergic rhinitis & allergic conjunctivitis). The bal-
ance between Th1 and Th2 responses is needed for optimal health
whereas any disturbance would influence many pathological pro-
cesses (Chen, 2007; Dhabhar et al., 2014; Kidd, 2003; Kim and
Maes, 2003). Therefore, it is very important to distinguish between
the types of psychological stressors regarding their duration, fre-
quency and severity to understand their impact on the Th1 and
Th2 cytokines.

Several models have been studied in this field focusing on the
immunosuppressive consequences of stress on the immune system
(Dhabhar et al., 2014; Segerstrom and Miller, 2004). One of the
studied models was on the academic stress such as on the effect
of studying or of examination periods on immunity and cytokine
release (Kim and Maes, 2003). Results were variable, some indi-
cated that examination stress down-regulates immune functions
such as the lymphocyte proliferation, the production of IFN-c,
the activity of natural killer (NK) cells, the mucosal wound healing
and the salivary immunoglobulin A (IgA) (Glaser et al., 1986;
Marucha et al., 1998; Murphy et al., 2010; Rojas et al., 2002). Other
studies showed immune activation in response to examination
stress such as enhancing salivary IgA in students during acute
stress of an imminent examination (Murphy et al., 2010). Also,
the levels of phytohemagglutinin (PHA)-stimulated IL-2 produc-
tion and lymphocyte proliferative response to PHA, were higher
during an examination period compared to a non-examination per-
iod (Koh et al., 2001; Koh et al., 2006). In 1998, Marshall indicated
that stress induced by exams, among healthy medical students,
changed the immune response by shifting the balance of Th1 and
Th2 cytokines towards Th2 cytokine response.

Several types of academic stressors, such as too many assign-
ments, academic commitments, financial pressure, students’
accommodation, taking and studying for exams, study loads, com-
petition attitudes and other relative stressors, have been identified
by researchers (Assaf, 2013; Fairbrother and Warn, 2003). The
degree of stress experienced by students may differ from one uni-
versity to another depending on the university system, environ-
ment and culture in the country. But, almost all, consider
academic examination as a naturally occurring psychological stres-
sor. In 2014, Dhabhar evaluated the range of effects of stress on
immune function, and discussed how these effects may promote
immunoprotection versus immunopathology. In our previous sur-
vey study done at The University of Jordan, the negative relations
between academic stress and health outcomes on Pharmacy Col-
lege students were determined (Assaf, 2013). In this study, we
wanted to analyze the influence of the academic stress experienced
by medical/health sciences students at The University of Jordan on
their immune system, and to determine the direction of the
immune balance whether it would enhance or suppress their
immune response at the beginning, mid of the semester and in
the final exam periods. So, the aim of this study is to determine
the psychological academic stressors and measure the levels of
the stress hormone (Cortisol) and the pro-inflammatory (Th1)
and anti-inflammatory (Th2) cytokines released in the blood of
the medical/health sciences students at The University of Jordan.
The secretion of cortisol hormone was measured during the three
stages as a marker of psychological stress. Then, to compare
changes in the plasma levels of the stress hormone (cortisol) and
cytokines (Th1 and Th2) released during the mid of the semester
and in the final exam period with the baseline non-stress period
at the beginning of the fall semester.
2. Materials and methods

2.1. Participants

The ethical approval for the study was obtained from the Insti-
tutional Review Board of Jordan University Hospital. The study was
performed over the course of an academic semester between
September 2010 and February 2011. Volunteers were recruited
from a group of medical/health sciences students at The University
of Jordan (Amman, Jordan), excluding asthma suffering students
and the first-year students who have not yet adjusted to the
University environment. A total of 40 students responded posi-
tively and met the inclusion criteria, of whom 35 complied fully
with the requirements of this study in the three stages (34 stu-
dents from school of Pharmacy and one student from school of
Medicine) comprising 88.6% females and 11.4% males. The purpose
and procedures of the study were explained to all potential sub-
jects and an informed consent was obtained from those who
decided to participate. The clinical parameters of resting blood
pressure and heart rate for each participant were taken at the
beginning and at the end of the study. They were measured twice
each over a 5 min interval and the average of the readings was
recorded.

The study was done along three stages, the first week of the
semester, the mid of the semester and during the academic final
examinations of the fall semester of 2010/2011. Volunteers were
all unmarried, non-smokers, with no chronic disease and with no
recent acute illness or use of antibiotic, steroidal, or anti-
inflammatory medications. To protect their anonymity, designated
numbers for the participants were placed on the questionnaire
forms and on their blood samples labels.
2.2. Procedure

This study was carried out using a longitudinal design. Blood
samples collection was carried out through the three stages during
the period September 2010 - January 2011. The results of the last
two stages were compared with the baseline first stage. An inter-
viewer administered a questionnaire to the participants. The ques-
tionnaire was designed to reveal information about stress as
perceived by participants at the beginning and end of the academic
fall semester of 2010/2011. After providing a written informed
consent, the respondent students completed a pre-validated short
questionnaire survey. The questionnaire was developed by review-
ing available surveys in the literature which used to measure stu-
dents’ academic stress as indicated in the previous study (Assaf,
2013). Validity and reliability of the questionnaire were evaluated
by an expert committee of one clinical immunologist, one clinical
pharmacist and one statistician. This was to ensure its applicability
relevant to the medical/health sciences students at The University
of Jordan. Internal Consistency Reliability was tested by the Cron-
bach’s alpha Coefficient and they all were above 0.65.

The questionnaire was handed to the responding medical/
health sciences students, after briefing, discussing and answering
questions regarding this survey by the researcher and the research
assistants. It was administered twice: once at the beginning of the
semester and again in the academic final examinations period. The
purpose was to indicate the psychological status of the respon-
dents at the beginning of the semester and during the semester.
Blood samples were collected within the three periods.
2.3. Psychological assessment

To detect the effect of academic stress on the students’ immune
system taking into consideration that they may not be under the
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same amount of stress in every single semester, this study was
conducted in the fall semester after students returning from their
summer vacation. The clinical parameters of blood pressure, heart
rates and body mass index (BMI) (calculated from self-reported
height and weight) were recorded. The questionnaire was designed
of four major parts, in addition to a part about general personal
information including age, sex and marital status. The first part
was mostly about study concerns regarding that fall semester.
The second part was about family concerns, accommodation and
employment if applicable. The third part was about the daily
hassles that can contribute to a student’s health such as exercising,
nutritional routines, smoking, having social activities and the
amount of sleeping. To determine the impact of university stress
on student life, participants were asked to indicate the frequency
of changes in their physical and emotional states and their atti-
tudes during the fall semester of 2010/2011. Students described
their immune system responses in the last part of the survey by
indicating the changes in their health (such as having cold/flu,
tonsillitis, hair problems, skin problems, getting medical care and
hospitalization) and the frequency of their occurrence during that
fall semester. Two forms of the questionnaire, one for the first
and one for the third stages, differ in some questions to determine
the impact of the academic semester on the students. At the
first stage and stage three, participants were asked to indicate if
the final exam is the most stressful factor and midterm exams is
the second most stressful factor compared to other periods and
factors. Health-related data were all self-reported by the
participants.
2.4. Blood collection

All subjects underwent a relaxation period for approximately
15 min before giving blood samples. 10–15 ml of blood samples
were collected in heparinized vacutainers during the daytime of
the three stages at almost equal time points, generally between
9:00 a.m. and 3:00 p.m, where plasma was separated within one
hour of collection and stored at –80 �C until the end of the study.
Although there had been some concern about potential circadian
variations (e.g., cortisol levels) with physiological measures, varia-
tions were related mostly to the difference in levels between the
waking and sleeping hours, early in the morning and late in the
evening. On the other hand, daytime changes are very gradual
and much less pronounced (Guyton, 2006). In order to capture
the natural effect of stress at stages two and three more accurately,
collection of blood samples was carried out during daytime hours
closely matching each student’s anticipation to the first baseline
stage for the blood collection time. In the third stage, all blood
samples were collected from students who already had at least
one final exam and will still be having more exams. On the average,
the time difference between baseline and exam samples was 1.5 h.
At the time of the assay, samples were thawed and cytokine and
cortisol assays were performed in duplicate in a single batch using
commercially available ELISA kits.
2.5. Cortisol assay

To determine the cortisol production level in each stage, 10 ml of
plasma from each stage was tested by ELISA assay according to the
manufacturer’s protocol (Diagnostic automation, INC, USA). All
incubation steps were performed at room temperature. The optical
density was read at 450 nm against blank using the microplate
reader (Biotek, USA). This assay has a sensitivity of 0.36 mg/dL.
The intra-assay coefficient of variation (CV) was less than 10%.
The interassay CV was less than 12%.
2.6. Cytokine assay

To determine the cytokine production level in each stage, 50 ml
of plasma from each stage was tested. The concentrations of
human TNF-a, IFN-c, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10 (eBio-
science, San, Diego, CA) and IL1ra (R&D systems, Oxford, UK) were
determined using ELISA assay according to the manufacturer’s pro-
tocol. All incubation steps were performed at room temperature.
The optical density at 450 nm, corrected by the reference wave-
length of 570 nm, was measured with microplate reader (Biotek,
USA). All cytokine assays were calibrated against the World Health
Organization international standards by the kit manufacturer. The
intra- and inter-assay coefficients of variation were less than 9% for
all cytokine assays.
2.7. Statistical analysis

Responses to the questionnaire were coded and statistical anal-
yses were calculated using SPSS, version 17 (SPSS, Inc, Chicago, IL).
Data were examined for accuracy and for assumptions for para-
metric tests. Pearson’s Chi-square was used to test for significant
differences between responses during any two stages. Results were
considered significant when p value was less than 0.05. In a few
cases, some participants failed to answer some questions, resulting
in missing data which were not estimated or used in analysis.

All blood samples were assayed in duplicate, and the mean mg/
dL or pg/ml was calculated for the cortisol or cytokine assays
respectively. To reduce variability within individual subjects, all
samples from each subject were assayed at the same time. For
comparison of quantitative variables of the three stages of plasma
cytokine and cortisol concentrations, non-parametric One way
ANOVA (Kruskal-Wallis test) was used. The Pearson correlation
coefficient (r) and associated probability (P) were calculated for
the data sets of the clinical parameter with the levels of plasma
cytokines and cortisol in the third stage. The correlation coeffi-
cients between the biological assays and the first two most stress-
ing factors during that semester were determined using
Spearman’s rank-order correlation. Values less than 0.05 were con-
sidered significant. Results to be expressed as mean ± S.E.M and
95% confidence intervals (CI) were given for all comparisons. All
data were analyzed using GraphPad Prism 5 software (GraphPad
Software, Inc, La Jolla, Calif) except for Pearson correlation coeffi-
cient was analyzed using SPSS, version 17 (SPSS, Inc, Chicago, IL).
3. Results

3.1. Demographic and psychological stressors

The majority of the participants were females with a ratio of
7.7:1 ranged between 19 and 25 years old with an average age of
22.11 years (S.E.M = 0.2017). Only two of the participants were
not living with their parents during the referred semester as their
families live in a different city. No demographic characteristics
were significantly correlated with psychological stress or immuno-
logical responses. Also, there were no significant changes in their
systolic or diastolic blood pressure values between the first and
last stages. Whereas, a significant increase in the heart rate
between the first stage (82.80 ± 1.986) and the third stage
(89.46 ± 2.927) was noticed. The body mass index (BMI) of the stu-
dents in this study ranged between 16.02 and 34.29 (Mean BMI
22.69 ± 0.6460), where males had a higher mean BMI
(26.07 ± 1.080) than females (22.23 ± 0.6794), although the differ-
ence was not statistically significant (Table 1).

At the beginning of the semester, the participants were asked to
indicate if final exams is considered the most stressing factor for



Table 1
The Clinical parameters of blood pressure, heart rates and Body Mass Indices (BMI) of
medical/health sciences students participating in the study to assess perceived stress
and immune response.

Clinical parameters Mean ± S.E.M
N = 35

BMI 22.69 ± 0.6460

Systolic blood pressure (mm Hg)
Stage One 120.1 ± 3.410
Stage Three 122.0 ± 2.025

Diastolic blood pressure (mm Hg)
Stage One 76.91 ± 2.186
Stage Three 77.12 ± 2.024

Heart rate (BPM) (p = 0.028)
Stage One 82.80 ± 1.986
Stage Three 89.46 ± 2.927
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them followed by midterm exams. They were also asked the same
by the end of the semester. At the beginning of the semester, only
one student (2.9%) indicated that final exams are the most stressful
factor while the majority of the students (74.3%) agreed that mid-
term exams is the second most stressful factor. On the other hand,
the majority indicated that final examination period was the most
stressful factor (65.7%) at end of the semester and the second most
stressful factor was the midterm period (71.4%) during that study
semester.

No health issues were significantly correlated with psychologi-
cal stressors related to their study or family issues. Fig. 1 shows
their answers related to the number of times they had some health
problems during the semester. At the beginning of the study, (28)
80% of the participants indicated that they do not easily get cold/
flu, while later during that semester almost 80% of the participants
got cold/flu. On the other hand, the majority got ill during the mid
of the semester and some during the final exams which might be
due to the effect of the season. Also, at the beginning of the study,
(7) 20% of them had problems in both hair and skin like dryness
Fig. 1. Immune-related diseases among medical/health sciences students participating i
stage.
and this was increased to reach (18) 51.4% at the end of the study.
More than 50% of the participants were at least once under medical
care due to health issues during that fall semester. Also, 17 (48.6%)
participants had health issues during the midterm period where
nine (25.7%) of them, had been unable to attend university classes
during that semester due to illnesses (data not shown).

3.2. Effect of academic stress on the cortisol level

The levels of cortisol released during the three stages were sig-
nificantly increased as illustrated in Fig. 2. The levels of cortisol
increased from stage one to stage two with further increase in
stage three. The mean of cortisol level during the third stage
(22.35 ± 1.069) was the highest compared to the first stage
(11.61 ± 1.098) and the second stage (17.98 ± 1.29).

To determine the stress-induced cortisol levels in the last two
stages, they were compared with the first baseline stage mean
value (11.6 lg/dl). Fig. 3 shows the percent of participants who
had cortisol levels above the baseline mean value.

3.3. Effect of academic stress on cytokine release

As shown in Figs. 4 and 5, significant changes were noted in sev-
eral cytokine levels between baseline and the other two stressful
periods. In Fig. 4, Th1 proinflammatory cytokines (TNF-a, IFN-c
and IL-1b) showed a significant reduction during the final exami-
nation period (stage three), but not during the second stage except
for TNF-a which showed a significant reduction in both the second
and third stages when compared with the baseline first stage. On
the other hand, IFN-c, showed a significant reduction in the third
stage compared with the second stage, with an induction in the
second stage compared to the baseline first stage. No significant
changes between stages were noticed in the release of pro-
inflammatory cytokines IL-2, IL-6 and IL-8 although the trend of
the reduction in the mean values of IL-2 and IL-6 is noticed in
between the stages (Fig. 4).
n the study (A, B and C) at the third stage and (D) comparing the first with the last



Fig. 2. The effect of academic stress on cortisol release (mg/dl) during the pre-stress
period (stage one), the midterm period (stage two) and the final exam period (stage
three). Each data point represents the mean ± SEM. Statistically significant differ-
ences with P < 0.05 were considered significant (*P < 0.05, **P < 0.01, ***P < 0.001).

Fig. 3. Percentage of participants who had cortisol levels above the baseline mean
value (11.6 lg/dl) in the three stages.
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In contrast, the levels of Th2 anti-inflammatory cytokines (IL-4,
IL-5 and IL-1ra) showed a significant increase during the third
stage when compared with the first baseline stage. IL-4 and IL-5
were also significantly increased between midterm and final
exams stages, whereas IL-1ra significantly increased in the second
stage compared with the first, while no changes were noticed
between second and third stages. On the other hand, IL-10 (a
potent anti-inflammatory cytokine which is secreted by lympho-
cytes of the Th2 sub-types) showed a significant reduction in its
level in the third stage when compared with the second stage only
(Fig. 5).

To assess the specific Th1:Th2 cytokine balance and to indicate
the shift in the secreting cells, the ratio of the mean values for Th1
cytokines/Th2 cytokines were calculated for the three stages show-
ing a decrease in Th1/Th2 ratio from the first to the last stage.
Table 2 is showing one of them, IFN-c/IL-4 ratio.
3.4. Correlations between questionnaire answers and the biological
assays (cytokines and stress hormone)

The correlation coefficients between the biological assays and
the first two stressing factors (final and midterm exams) that
affected the participants’ life during that semester were deter-
mined using Spearman’s rank-order correlation. The stressing fac-
tor was categorized into two groups, one with the majority who
indicated final exams as the first most stressful factor or midterm
exams as the second most stressful factor compared to those who
chose other factors. The most stressing factor in the third stage, the
final exams, showed a significant association only with IL-2 release
in the third stage (rs = 0.439, p = 0.012) where 50% of them released
IL-2. The second most stressful factor in the last stage, midterm
exams, showed an association with another Th1 cytokine, INF-c,
but from the first stage (rs = 0.514, p = 0.002), where the majority
(72%) released the cytokine. When they were asked about the time
they had to seek out medical care during that semester, almost 22%
of them indicated that they did not get ill while the rest got ill and
the majority (63%) of those who got ill indicated that it was during
the mid of the semester. This also showed an association with cor-
tisol, IL-4 and IL-10 release. Cortisol release in the third stage was
significantly associated with the increase in the need for seeking
medical care during the midterm period (rs = 0.369, p = 0.03). Th2
cytokines, IL-4 and IL-10, from the first stage were significantly
associated with the increase in the need for medical care during
that semester (rs = 0.373, p = 0.039 and rs = 0.444, p = 0.09 respec-
tively). Also, IL-4 release on the second stage was significantly
associated with the need to seek for medical care (rs = 0.396,
p = 0.02). Both cytokines showed no release in almost all of those
who needed to seek medical care, whereas it was only released
in those who indicated that they did not got ill during that
semester.

3.5. Correlations between clinical parameters and the biological assays
(cytokines and stress hormone)

The correlations between the clinical parameters and the
plasma levels of the released cytokines and cortisol during the
baseline stage and the third stage were measured. No significant
association was found between the release of cortisol and the clin-
ical parameters. On the other hand, results revealed that produc-
tion of plasma Th2 cytokine IL-4 was positively correlated with
diastolic blood pressure in the third stage while it did not show
any correlation in the baseline first stage. Systolic blood pressure
was correlated with several clinical parameters and IL-10 cytokine.
It showed a positive correlation with BMI in the first and third
stages and IL-10 release in the third stage. On the other hand, it
was negatively correlated with heart rate at the third stage as
shown in Fig. 6. Heart rate was also negatively correlated with
plasma Th2 cytokine IL-10 release in both the first and third stages.
During the third stage, BMI also showed a positive correlation with
plasma Th1 cytokine IL-2 release (Fig. 6).

3.6. Correlation between cytokines and stress hormone

As shown in Table 3, correlation coefficients between Th1 and
Th2 cytokines and cortisol indicated that IL-1ra and IL-4 (Th2
cytokines) had the highest correlations with the other cytokines
but not in the first stage. During the examination periods (stages
two and three), different cytokines showed some significant corre-
lations with other cytokines (Table 3B and C), but the least corre-
lation was during the baseline first stage (Table 3A). In the
second stage, the levels of IL-1ra showed positive correlations with
IFN-c and IL-2 cytokines and in the last stage it was also positively
correlated with IL-6. Furthermore, IL-4 was positively correlated



Fig. 4. The effect of academic stress on Th1 cytokine levels during the pre-stress period (stage one), the midterm period (stage two) and the final exam period (stage three).
(A) TNF-a, (B) IFN-c, (C) IL-1b, (D) IL-2, (E) IL-6 and (F) IL-8. Data represent the mean concentrations (pg/ml) of triplicates. Statistically significant differences with P < 0.05
were considered significant (*P < 0.05, **P < 0.01, ***P < 0.001).
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with IL-2, IL-6 and IL-8 release but in the second stage only. Mean-
while, IL-10 showed positive correlations with IL-6 in the first
stage while it was negatively associated with IL-1b in the second
stage. During the second stage, IL-5 showed a positive correlation
with IL-8 release and cortisol was also positively correlated with
IL-8, but only during the third stage.



Fig. 5. The effect of academic stress on Th2 cytokine levels during the pre-stress period (stage one), the midterm period (stage two) and the final exam period (stage three).
(A) IL-4, (B) IL-5, (C) IL-1ra and (D) IL-10. Data represent the mean concentrations (pg/ml) of triplicates. Statistically significant differences with P < 0.05 were considered
significant (*P < 0.05, **P < 0.01, ***P < 0.001).

Table 2
The ratio of the mean values for IFN-c and IL-4 cytokines in the three stages.

Th1/Th2
Ratio

Baseline
(stage 1)

Midterm
(stage 2)

Final exam
(stage 3)

IFN-c/IL-4 297.85 114.75 50.08
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4. Discussion

The study investigated the mechanism of stress-related cyto-
kine alteration by determining the alteration in the production of
the stress hormones and the cytokines among medical/health
sciences students under midterm and final examination periods
compared to a non-stressful period. Our results showed that the
concerned medical/health sciences students underwent psycho-
logical and physiological academic-stress changes where the
majority of them reported having cold/flu, tonsillitis and hair and
skin deteriorations during that semester. Having cold/flu could also
be related to the effect of the season having higher probability to
catch the flu rather than the effects of stress. On the other hand,
they indicated that they do not easily catch cold/flu. Changes in
hair and skin could also be related to the seasonal effect, but the
percentage of those having both hair and skin deteriorations in
the third stage compared to the first stage (52% vs 20% respec-
tively) would probably eliminate this assumption.
At the third stage, participants indicated that the final examina-
tion period was the most stressful factor followed by the midterm
period, whereas at the first stage only one indicated that final exam
period is considered the most stressful time in general. The per-
centage of change in their response between the first and last
stages was clearly noticed, but not significant. On the other hand,
comparing their responses with the second most stressful factors
from stage one to three, most participants indicated that midterm
exam period is the most stressful factor in both stages (p = 0.009).
The clinical results of this study showed the same; their plasma
released the highest concentrations of cortisol during the final
examination period followed by the midterm period. This was also
supported by the increase in the heart pulse rate during the third
stage.

Physiological and psychological stresses were found to activate
the sympathetic nervous system (SNS) and increase the activity of
the hypothalamic-pituitaryadrenal (HPA) axis leading to increasing
levels of plasma catecholamines (CAs) (noradrenaline and adrena-
line) and glucocorticoid (GCs) (cortisol in human) respectively
(Smith and Vale, 2006; Stephens and Wand, 2012). This effect
was with wide individual differences and consequences. Stress also
was found to interact with the immune system and alter the
immune response (Glaser and Kiecolt-Glaser, 2005). The secreted
stress hormones like cortisol were found to function through sep-
arate receptors on different types of cells including the immune



Fig. 6. Correlation between final examination third stage-induced changes in BMI (Body Mass Index), Heart rate, blood pressure and plasma cytokines and cortisol
concentrations. Correlations between values were assessed by Pearson’s correlation confident (r). Statistically significant differences with P < 0.05 were considered
significant.

Table 3
Correlations between Th1 and Th2 cytokines and cortisol release. (A) Baseline, stage one, (B) Midterm period, stage two, (C) Final examination period, stage three (*p < 0.05 and
**p < 0.01).

IL-10 IL-5 IL-4 IL-1ra Cortisol

(A) Stage one
Cortisol �0.051 0.235 �0.061 0.117 1
IFN-c 0.012 0.059 �0.027 0.162 0.013
TNF-a 0.079 �0.172 0.056 �0.022 �0.13
IL-8 �0.157 �0.211 �0.047 0.248 0.076
IL-6 0.388* 0.039 �0.071 �0.048 �0.23
IL-2 �0.106 0.067 �0.079 �0.078 0.012
IL-1b �0.114 �0.193 �0.155 0.026 0.332

(B) Stage two
Cortisol �0.116 �0.235 �0.007 �0.134 1
IFN-c �0.151 0.142 0.130 0.588** �0.105
TNF-a 0.035 �0.080 �0.037 0.253 �0.115
IL-8 �0.147 0.372* 0.345* 0.092 �0.158
IL-6 0.069 0.085 0.492** �0.146 �0.191
IL-2 �0.189 �0.108 0.642** 0.626** �0.032
IL-1b �0.396* 0.243 �0.117 �0.037 0.260

(C) Stage three
Cortisol 0.238 �0.015 �0.186 �0.002 1
IFN-c �0.075 0.169 0.237 �0.131 �0.062
TNF-a 0.036 0.148 �0.063 0.065 �0.001
IL-8 �0.166 �0.100 0.022 �0.016 0.346*

IL-6 0.038 0.306 �0.133 0.667** 0.251
IL-2 �0.141 �0.100 �0.016 0.031 0.249
IL-1b 0.074 �0.164 �0.127 �0.148 0.184
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cells modulating cytokine production (Chrousos, 2000; Glaser and
Kiecolt-Glaser, 2005; Hänsel et al., 2010; Miller et al., 2011; Smith
and Vale, 2006; Stephens and Wand, 2012; Tsigos and Chrousos,
2002; Webster Marketon and Glaser, 2008).

Studies have found that such stress-induced changes in the
immune response shifts the balance of Th1 and Th2 cytokines
towards Th2 cytokine response (Marshall et al., 1998). This is done
by activating the HPA axis resulting in the release of plasma corti-
sol which is an important neuroendocrine mediator of the stress-
induced cytokine alteration (Stephens and Wand, 2012; Tian
et al., 2014). Many studies have shown the impact of different
types of stressors on the immune system where academic stress
was one of the stress models used (Chen, 2007; Kang and Fox,
2001; Kim and Maes, 2003; Maes et al., 1997; Matalka et al., 2000).

In this study, academic stress was significantly associated with
changes in Th1 and Th2 cytokines by showing down-regulation in
the release of some Th1 cytokines and an up-regulation of selective
Th2 cytokines, which is in line with the previous studies (Chen,
2007; Chrousos, 2000; Connor et al., 2005; Elenkove and
Chrousos, 2002; Kang and Fox, 2001; Matalka, 2003). The findings
of this study indicated that the stress during the final examination
period induced significant changes in cytokine production, although
the final examinations for university students were normally rela-
tively mild, common and repetitive. The release of cytokines during
the second stage (the midterm period) was variable, this may indi-
cate that the psychological status of the students during the mid of
the term is less stressed compared to the final exam stage.

In this study, the significant reduction in Th1 cytokines IFN-c,
TNF- a and IL-1b is consistent with findings from other studies
(Chen, 2007; Glaser et al., 1986; Kang and Fox, 2001, Miller et al.,
2002). Although some studies showed an increase in TNF- a
release, but that was from mitogen stimulated whole blood cells
(Maes et al., 1998, Paik et al., 2000). Although IL-2 did not show
a significant reduction in its release, it showed the same trend as
the rest and was reduced among the stages. For that, the need
for larger sample size to detect the significant changes is
requested. Kang and fox, 2001, indicated that a reduction in IFN-
c and IL-2 production may down-regulate one’s defense against
viral infection, which in turn may influence disease activities.

Among the Th2 cytokines, IL-10 showed a significant reduction
in its release during the third stage. This was consistent with Maes
and colleagues study, 1998. They found that stress-induced anxiety
is accompanied by increased production of IFN-c with diminished
production of IL-10 and IL-4. On the other hand, this study showed
an increased production of IL-4 with a decrease in production of
IFN-c in stage three, while IFN-c had a significant increase in its
release during the midterm stage two. To resolve this paradox,
some researchers have chosen to focus on how stress might shift
the balance of the immune response by studying the ratios
between selective cytokines from each type. Thl-type cytokine
(IFN-c) and Th2-type cytokine (IL-4) are known to regulate the cel-
lular and humoral components of the adaptive immune system
respectively and their ratio can assess the specific Th1:Th2 cyto-
kine balance.

The decrease in IFN-c/IL-4 ratio from the first stage to the third
stage indicates a decrease in production of IFN-c secreting cells
while increasing production of IL-4 secreting cells (Chen, 2007)
and a shift away from cellular immunity (Th1) toward humoral
immunity (Th2). This Th1:Th2 shift was consistent with the
increase in cortisol release during the three stages. It was also indi-
cated in other studies showing that cortisol suppresses Th1 cytoki-
nes production with its ability to increase the release of some Th2
cytokines depending on the stimulatory signals to T cells (DeKruyff
et al., 1998; Elenkov, 2004; Franchimont et al., 2000).

Interestingly, heart rate was negatively correlated with the pro-
duction of the Th2 cytokines, IL-10 in first and last stages. It was
also negatively correlated with systolic blood pressure while posi-
tively correlated with diastolic blood pressure. This might indicate
that the increase in the release of the stress hormone caused heart
rate to speed up. Systolic blood pressure reflects the force of blood
in the circulatory system when the heart contracts while diastolic
blood pressure reflects this force when the heart is at rest. The
increase in heart rate was associated with higher resting diastolic
pressure and lower systolic blood pressure. This indicates that
the increase in stress was accompanied with the heart rate speed
up and more strongly related to blood pressure when the heart is
at rest than when the heart contracts. The decrease in the release
of the anti-inflammatory cytokine IL-10 in acute stress was associ-
ated with the increase in heart rate and cortisol in both the base-
line and third stages. Our results are consistent with a recent
study showing an evidence for the role of IL-10 in up- and down-
regulating the cortisol response to acute stressors between days.
They indicated that IL-10 was negatively correlated with stress
as it increased in the morning of the first day of stimulation which
was related to a decrease in cortisol, while both increased during
the second day of stimulation (Wolkow et al., 2015). Further
research should include larger samples with the statistical power
to determine the role of IL-10 in the academic stress.

Another Th2 anti-inflammatory cytokine (IL-4) showed a posi-
tive correlation with the resting diastolic pressure in the last stage.
During final exams period, the increase in stress hormone accom-
panied with the heart rate speed up and higher resting diastolic
pressure was correlated with IL-4 release. Previous studies showed
evidence that IL-4 affects cortisol release by inducing the expres-
sion of enzymes involved in regulating this hormone (Wood and
Judd, 2008; Wolkow et al., 2015).

As expected, almost similar to what have been shown in Assaf
(2013) survey study, this project showed a significant association
between academic stressing factors and the biological assays. The
release of the pro-inflammatory cytokines IL-2 and IFN-cwas asso-
ciated with the two most stressing factors, final exams and mid-
term exams respectively. The release of IFN-c in the first stage
was significantly higher in those who indicated that midterm
exams are the second most stressful factors. In the first baseline
stage, the participants were not exposed to the academic stress
and Th1 cytokines were high in most of them whereas upon expo-
sure to final exams, IL-2 cytokine was released in only half of those
who indicated that final exams are the most stressful period. On
the other hand, the release of Th2 cytokines (IL-4 and IL-10)
showed an association with the need to seek medical care during
the midterm period. In the baseline stage, they showed almost
no release on those who needed medical care during the mid of
the semester. It was also significant with IL-4 release during the
mid of the semester in stage two. Participants who indicated that
they did not get ill or needed medical care were mostly those
who released IL-4 and IL-10 cytokines with higher Th2 humoral
mediated immunity. Furthermore, the high cortisol release on
the third stage associated with the increase in the need for seeking
medical care during the mid of the semester indicates that partic-
ipants are exposed to an academic stress that is shifting the Th1/
Th2 balance towards Th2.

In conclusion, the results of this study showed that the stress
induced during the final exam was the highest among the medi-
cal/health sciences students with a high increase in cortisol release
which might be the reason for shifting Th1/Th2 cytokines balance
towards Th2, resulting in an immune dysregulation rather than
overall immunosuppression. Cortisol might have a role in sup-
pressing the release of Th1- mediated cellular immune response,
which could increase the vulnerability among the students to
infectious diseases. In the meantime, it could enhance Th2-
mediated humoral immune response which could increase vulner-
ability to autoimmune and allergic diseases. The effect of cortisol
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on the release of cytokines could be due to the direct regulation by
glucocorticoids. For that, further studies should be done to check
for glucocorticoid responsive element in their gene promoter to
confirm this direct regulation. On the other hand, Kunz-Ebrecht
et al. (2003) indicated that repeated episodes of acute stress might
initiate a down-regulation in the glucocorticoid receptors which
might lead to the development of a chronic inflammatory state.
This was not indicated among the referred to medical/health
sciences students. But it should be taken seriously into considera-
tion to protect them from development of any chronic inflamma-
tions. Further studies with large sample size are needed to
determine the links between cortisol and immunity.

5. Limitations and future directions

Despite the richness of the questionnaire content and the clin-
ical parameters tested, this study has several limitations. The col-
lected data in this study was utilized as responses to each
question and was not computed as scores and health-related data
were all self-reported by the participants. Another limitation lies in
the observation that most of the medical/health sciences students
who participated in this survey were from pharmacy and being
females. This was due to the location of the study which was at
the faculty of pharmacy, University of Jordan. It also represents
almost the actual distribution of genders at the Faculty of Phar-
macy. In future studies, more medical/health sciences and male
participants should be included. Although circadian variations in
cortisol were taken into consideration, seasonal variations in corti-
sol were not considered as recent studies indicated that cortisol
does not have seasonal differences (Smith et al., 2015).

This study was a pilot one, limited by a small sample size.
Therefore, a randomized, controlled trial with a larger sample size
is needed to validate the variations in cortisol and cytokine levels
in participants at rest and under stress. Also, using larger samples
should further investigate the mechanism of exam stress-induced
changes in Th1- and Th2-type cytokines and their balance and to
relatively evaluate their correlations with diseases that occur dur-
ing exam stress to help controlling them. Linking stress, cytokines
and diseases should help to find the appropriate method for reduc-
ing stress.
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