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Objectives. Stress is an event that threatens homoeostasis and thus causes physiological and behavioural responses
to reinstate equilibrium. Excessive and/or chronic stress can be psychologically and physiologically detrimental.
Examinations can represent a significant source of stress for students. The hypothalamic–pituitary–adrenal axis (HPA) is
the core endocrine stress system. Investigations into the HPA response to examinations have yielded inconsistent results.
The aim of this study is to further explore the relationship between examination stress, HPA axis activity, mood, sleep and
exercise in students undergoing a naturalistic examination period stressor.

Methods. In total, 16 medical students participated. Students completed self-reported stress, anxiety, mood, sleep and
physical activity questionnaires, and provided saliva samples during an examination-free period and an examination
period 1 month later. The cortisol awakening response, representative of HPA activity, was determined from saliva
samples by enzyme-linked immunosorbent assay.

Results. Anxiety levels increased (p= 0.04) and mood decreased (p= 0.05) during the examination period. There was
concomitant decease in physical activity levels (p= 0.02). There was no significant increase in HPA activity during the
examination period (p= 0.29). Sleep quality did not significantly worsen (p= 0.55) during the examination period.

Conclusions. Examination periods are associated with increased anxiety levels, lower mood and decreased physical
activity. Future studies incorporating examination results and cognitive functionmay help to identify potential protective
interventional strategies, while optimising performance.
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Introduction

College courses can be stressful, with high workloads,
deadlines and examinations. Medical courses can
be particularly stressful (de La Rosa-Rojas et al. 2015;
Khan et al. 2016; Heinen et al. 2017). Examinations,
provide insight into the bio-psycho-behavioural
response of students to a naturalistic stressor (Bloch
& Brackenridge, 1972). Sources of stress are multi-
dimensional, but academic performance is a key con-
tributing factor to stress in medical students (Beiter et al.
2015). The brain interprets perceived stressors to
determine physiological and behavioural responses.
This process can promote adaptation, but when
responses are exaggerated or overused, pathology can
ensue (Bradley & Dinan, 2010; Cohen et al. 2012;
McEwen, 2017). A recent meta-analysis of mental ill-
ness in medical students found that the estimated
pooled prevalence of depression or its symptoms was

27.2%, and that suicidal ideation occurred in an
estimated 11.1% (Rotenstein et al. 2016).

In response to a stressor, the hypothalamic–pituitary–
adrenal (HPA) axis initiates a hormonal cascade
resulting in adrenal upregulation of cortisol, the main
glucocorticoid in the body (Tsigos & Chrousos, 2002).
During periods of stress, cortisol levels increase (Chida&
Steptoe, 2009). Cortisol has a wide range of functions,
including immune modulation and glucose control, to
allow the body to cope with these stressors (McEwen &
Seeman, 1999). The systemworks as a negative feedback
loop, whereby glucocorticoids modulate their own
secretion by acting at various levels of the HPA axis,
such as the hippocampus, hypothalamus and pituitary.

Physiological cortisol concentration follows a specific
diurnal pattern that reaches an early morning nadir,
and rapidly peaks 30–45 minutes after awakening
before gradually falling again until the next morning
(Weitzman et al. 1971). The spike in cortisol concentra-
tion related to waking is called the cortisol awakening
response (CAR). This has been shown to be increased in
response to an acute stressor in healthy populations,
though with individual variability (Pruessner et al. 1997;
Chida & Steptoe, 2009; Kudielka et al. 2009).
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Most studies investigating the relationship between
the CAR and examination stress in students indicate an
increase in cortisol output during examination periods
(van Dulmen et al. 2007; Hewig et al. 2008; González-
Cabrera et al. 2014). However, not all studies show this
elevation in cortisol output during examination periods
(Vedhara et al. 2000; Kenwright et al. 2011; Duan et al.
2013). Although, self-reported measures of stress
increase during examination periods, there is no con-
sistent and robust relationship between these psycho-
logical measures and the CAR (Weekes et al. 2006), and
in the wider context, considerable heterogeneity exists
in studies investigating the CAR (Ryan et al. 2016;
Stalder et al. 2016).

Methods

Subjects

Approval of the study protocol was granted by the Cork
University Hospital ethics committee and conducted in
accordance with the ICH Guidelines on Good Clinical
Practice, and the Declaration of Helsinki. Written
informed consent was obtained from all subjects before
any study procedures were conducted. Healthy fourth
year medical students were recruited. Age, sex, alcohol
consumption, height and weight were recorded.

Inclusion criteria were as follows: age between 20 and
35, able to providewritten consent,fluent English, general
good health and sitting the same examination. Exclusion
criteria included were as follows: current or previous
psychiatric illness, the presence of a significant acute or
chronic illness, immunodeficiency, and the use of any
medication that may interfere with the objectives of the
study, pose a safety risk or confound the interpretation of
results (including, but not limited to, anti-psychotics,
anxiolytics, anti-depressants or any other serotonergic
medications, or oral steroids) and tobacco use.

Design

A repeated measures design was employed (see
Fig. 1a). The examination period chosen to represent the
stressor in this study was a 3-week examination period,
occurring in May 2016. This was necessary for student
progression to the final year of the degree course.
Multiple written examinations were performed during
this period. Measurement occurred in two phases. The
first phase of measurement was a non-examination
period (low-intensity stress condition) in early April
2016. The second phase of measurement was the
examination phase (high-intensity stress condition) in
early May 2016. To reduce interference with individual
examination preparation regimens, participants were
given the option of completing the second phase of

testing on the day before or the first day of the exam-
ination period. Participants completed questionnaires
on the same morning as providing saliva samples.

Cortisol sampling and analysis

CAR was measured using saliva samples. Verbal
and written instruction was provided to all participants.
Participants were provided with four Salivettes (Sarstedt
AG & Co., Germany) for both phases of measurement.
Subjects were instructed to provide four saliva samples at,
0 minutes (upon wakening), 30, 45 and 60 minutes after
waking on 1 day during each of the measurement
phases. Participants were asked not to alter their usual
waking time. The samples were refrigerated at −4°C until
collection. Saliva samples were centrifuged at 1000g for
5 minutes. They were aliquoted and stored at −80°C
until analysis. Cortisol concentrations were determined
using the Cortisol Enzyme Immunoassay Kit as per
manufacturers’ instruction (Enzo®; Life Sciences,
New York). Assay detection limit was 0.16nmol/l.
Inter- and intra-assay percentage co-efficients of variability
were 11.24% and 8.2%, respectively.

Statistical analysis

SPSS Statistics v20 (IBM) was used to analyse the data.
To assess normality, Shapiro–Wilk scores were used.
Parametric data were analysed using paired t-test and
Wilcoxon matched-paired signed-rank test for non-
parametric data. Pearson’s correlation was used to
assess for correlations between measured components.

Results

Participants

A total of 20 participants meeting inclusion and exclu-
sion criteria were recruited. Four were lost to follow-up.
In total, 16 participants completed the study. See
Table 1 for demographic details.

Table 1. Demographic data

Component Category Number Percentage of total

Age 20–25 12 75
26–30 3 19
31–35 1 6

Sex F 12 75
M 4 25

BMI 20–25 10 77
> 25 3 23

Alcohol 0–5 units/week 8 62
6–11 units/week 5 38

BMI, Body mass index.
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Bio-psycho-behavioural response to examination period

There was no significant difference in the CAR (F (1.82,
14.02)= 0.91, p= 0.42) (Fig. 1b). The area under the
curve with respect to ground, representative of the total
cortisol secretion between timepoints (t (11)=−0.97,
p= 0.35), the change in total cortisol secretion, known as
delta (t (11)= 1.17, p= 0.27) and the area under the
curve with respect to increase (t (11)= 1.10, p= 0.29)
was not significantly altered (data not shown). The
State (t (12)=−5.05, p< 0.001) (Fig. 1c) and Trait anxiety
(t (11)=−2.38, p= 0.04) (Fig. 1d) component of the State-
Trait Anxiety Inventory increased during the exam-
ination period. Depression scores measured using the
Beck Depression Scale (BDI) increased during the
examination period (t (12)=−2.15, p= 0.05) (Fig. 1e).
Physical activity (decreased during the examination
period (t (12)= 2.51, p= 0.03) (Fig. 1f ). Although sleep
quality worsened during the examination period, it did
not reach significance (t (10)= −0.61, p= 0.55) (Fig. 1g).

Discussion

Using a bio-psycho-behavioural appraisal of a natur-
alistic stressor, we found that examination periods are
associated with significantly increased anxiety levels

and decreased mood in students. Furthermore, there
was a decreased level of self-reported physical activity.
This increase in self-reported stress and anxiety mea-
sures during examination periods is consistent with
previous studies (Weekes et al. 2008; González-Cabrera
et al. 2014). Both state and trait anxiety levels increased
during the examination period in our study (Figs 1c,d).
Although, the increase in Perceived Stress Scale (PSS)
was not significant (data not shown), the scores
during both the non-examination and examination
period indicate a moderate level of stress (Cohen &
Janicki-Deverts, 2012). Other studies have demon-
strated an increase in the PSS (Vedhara et al. 2000; Duan
et al. 2013) and we note that the PSS scores in our study
were lower than those identified in a group of science
students by Vedhara et al. (2000).

The Yerkes–Dodson law suggests an optimal
amount of stress is required for the optimal perfor-
mance of a difficult task, such as an examination
(Yerkes & Dodson, 1908; Heins et al. 1983). Excess stress
may overwhelm coping mechanisms (Stowell et al.
2008) and impact cognition (Lupien et al. 2007). Indeed,
a large population-based study in adults showed that
elevated cortisol was associated with poorer cognitive
function (Lee et al. 2007). Asmentioned, the relationship

Fig. 1. Bio-psycho-behavioural response to examination period. A repeated measures design was employed (a). In total,
16 students completed self-reported stress, anxiety, mood and physical activity questionnaires, and saliva samples during a
non-examination (low-intensity stress condition) and 4 weeks later during an examination (high-intensity stress condition).
There was no significant difference in the cortisol awakening response (b). Anxiety levels increased during the examination
period as measured by the State-Trait Anxiety Inventory (c,d). Depression scores measured using the Beck Depression Scale
increased during the examination period (e). Physical activity questionnaires was decreased during the examination period (f)
and although sleep quality worsened during the examination period, it did not reach significance (g).
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between CAR and psychological stress measures is
inconsistent (van Eck et al. 1996; Gaab et al. 2006;
Weekes et al. 2006; Duan et al. 2013; González-Cabrera
et al. 2014) and our study also failed to show a clear
relationship between any of the cortisol measures and
the psychological measures, suggesting a more com-
plex relationship between psychological measures
and the CAR. A study by Preuss et al. (2010) found a
stronger HPA response to oral presentations compared
to written examinations.

It is well established that mood and anxiety are
interlinked. Using the BDI we show that mood sig-
nificantly worsened during the examination period
(Fig. 1e). However, it is important to note that the
BDI scores remained within the minimal range, and did
not reach clinically relevant levels. This may not be
surprising considering we excluded students with
current or previous history of mental health-related
disorders, but future studies following students
throughout the year would provide insight into poten-
tial evolving mood-related problems. As mentioned
above, depression-related symptoms in medical stu-
dents are high (Rotenstein et al. 2016), and highlight the
need to identify strategies for preventing the risk of
developing these disorders in this population.

Stress-related disorders, such as depression and
anxiety, are associated with an impaired regulation of
stress hormones (Holsboer & Ising, 2010), with adverse
implications for cognition (Hinkelmann et al. 2009;
Hinkelmann et al. 2013). Although, two meta-analyses
concluded that cortisol levels in patients with depres-
sion were increased (Knorr et al. 2010; Stetler & Miller,
2011), the association between clinical subtypes and
their biological substrates is inconsistent and variable at
the individual level (Lamers et al. 2013). The CAR has
been useful in understanding the psychobiology of
stress, but in order to enhance this understanding and
provide the means to assess novel therapeutic agents,
multiple readouts are necessary (Allen et al. 2014).

Consistent with previous studies (Steptoe et al. 1996)
we show that examinations interrupt normal physical
activity of students (Fig. 1f). Considering the positive
impact of exercise on anxiety, mood and cognition, this
study highlights the importance of maintaining regular
exercise both in non-examination and examination
periods. Exercise can also improve sleep quality
(Loprinzi & Cardinal, 2011). The precise neurobiology
of sleep is not completely understood, though the link
between stress and sleep quality is more defined
(Hirotsu et al. 2015). A recent preclinical study, showed
that a core function of sleep is to renormalise overall
synaptic strength (de Vivo et al. 2017). Student sleep
quality worsened slightly during the examination per-
iod, but did not reach significance (Fig. 1g). The ‘good’
quality sleep range for the Pittsburgh Sleep Quality

Index (PSQI) is less than five (Buysse et al. 1989).
With mean PSQI scores greater than five both before
and during examinations, and a positive association
between perceived stress and poor sleep quality during
the non-examination period, our findings are consistent
with the literature suggesting that students may have
poor sleep quality (Tsai & Li, 2004). Both acute and
chronic sleep disturbance can negatively impact mood
and cognitive performance in students (Curcio et al.
2006; Hershner & Chervin, 2014).

Limitations

This was a pilot study, and as such, our sample size was
small. The phase of female participant menstrual cycle
was not recorded during this study. The sympathoa-
drenal medullary system, intensity or duration of
examination preparation and student coping style were
not recorded.

Conclusions

We have characterised, using a naturalistic stressor, the
bio-psycho-behavioural response to examination stress
in students. We have shown that examination periods
increase anxiety, decreasemood. In parallel, there was a
decrease in physical activity levels. Taken together, our
results highlight the importance of an awareness of the
impact of stress on students, andpaves theway to inform
and refine interventions that may reduce the negative
impact of stress, while optimising performance. Larger
studies, investigating oral examinations, or objective
structured clinical examinations to further develop
our understanding of the bio-psycho-behavioural
components, correlated with examination performance
and cognition could assist with the identification of
vulnerability factors in the student population.
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