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SHORT COMMUNICATION

Copeptin as a stress marker prior and after a written examination
— the CoEXAM study
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Abstract Keywords

The stress hormone copeptin, which is co-secreted with arginine vasopressin, increases in  Copeptin, cortisol, examination outcome,
seriously ill patients and can predict outcome in several organic diseases. Information about the HPA axis, medical students, psychological
influence of psychological stress on copeptin levels is lacking, but is important for stress, stress marker

interpretation of copeptin levels in the clinical setting. The aim of this study was to evaluate
the influence of psychological stress on copeptin levels. We measured copeptin levels in 25
healthy medical students before and after a written examination. The primary endpoint was
change in copeptin levels from immediately prior to examination compared with after the
examination. Median copeptin levels prior to the examination were significantly higher than
those after its conclusion. Similar results were found for serum cortisol and salivary cortisol.
Serum cortisol prior to examination was significantly higher in students with a superior
examination result, compared to those with a lower score. In conclusion, psychological stress
leads to a subtle increase in copeptin level and might therefore be taken into account as a
confounding factor in disorders with small diagnostic copeptin range. Higher cortisol levels, but
not copeptin, correlated with a better academic performance in this cohort of students.
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Introduction Numerous other stress hormones have been studied in the
context of psychological stress. The Trier Social Stress Test, a
standard laboratory protocol for experimental induction of
psychological stress, is associated with the largest HPA axis
stress responses relative to other laboratory stressors
(Dickerson & Kemeny, 2004). Psychological stress also
increases cortisol during ambulatory settings, e.g. during a
theoretical driving license examination (Dugue et al., 2001),
one hour prior to an oral academic examination (Lacey et al.,
2000) and in Spanish medical graduates taking an examination
to apply for their medical specialty training position
(Gonzalez-Cabrera et al., 2014). To our knowledge, only
preliminary findings from a very small study are available
about a possible correlation between salivary cortisol levels
and examination success (Ng et al., 2003).

The goal of this study was to determine whether a
psychological stressor (examination stress) leads to changes in
circulating copeptin. Correlations between copeptin and
cortisol, and between performance and hormone measures
were included as secondary endpoints.

Copeptin is a peptide derived from the protein precursor of
arginine vasopressin (AVP) and is secreted in equimolar ratio
to AVP, and thus released in physical stress (Katan et al.,
2008b; Morgenthaler et al., 2006). The clinical use of AVP is
limited as it is very unstable at room temperature, is attached to
platelets and has a short half-life. Consequently, it is difficult to
measure. In contrast, copeptin is stable at room temperature for
at least seven days and can be measured easily by a sandwich
immunoassay (Morgenthaler et al., 2006). Copeptin is a useful
prognostic biomarker in several diseases such as acute
coronary syndrome, stroke, transient ischemic attacks, pneu-
monia, acute and chronic heart failure, chronic obstructive
pulmonary disease and traumatic brain injury (Dong et al.,
2011; Katan et al., 2011; Katan & Christ-Crain, 2010; Stolz
et al., 2007; Urwyler et al., 2010). It is hypothesized that the
close and reproducible relation of copeptin levels to the degree
of activation of the stress axis is the basis of its unique
usefulness as a biomarker (Katan & Christ-Crain, 2010).
However, to our knowledge, there are no data on copeptin
levels in association with psychological stress.

Participants and methods

Participants

Correspondence: Sandrine A. Urwyler, Department of Endocrinology, We included 25 medical students from fourth vear course at
Diabetology & Metabolism, University Hospital Basel, Petersgraben 4, y

CH-4031 Basel, Switzerland. Tel: +41 (61) 265 25 25. Fax: +41 (61)  Basel University, who participated in the written examination.
265 51 00. E-mail: sandrine.urwyler@usb.ch Participants were recruited at Basel University medical school
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by word-of-mouth propaganda and e-mail. Exclusion criteria
were BMI >30kg/m?, evidence of acute disease, history of
severe chronic illness including psychiatric disease, reported
or assumed pregnancy and smoking.

The local ethical committee approved this study; written
informed consent was obtained from all voluntary medical
students. This study was pre-registered on clinicaltrials.gov
(NCT02051647) and was conducted according to the current
version of the Declaration of Helsinki, the ICH-GCP as well
as all national legal and regulatory requirements.

Description of the examination

The written examination consists of 120 multiple-choice
questions (maximal duration: 4 h) at the end of the semester.
Students have to pass the examination to be eligible to continue
the next study year. Our study was conducted during the first
written examination of fourth medical course in January 2014.

Design and procedure

Students were seen at the day of the written examination
immediately prior to the examination, and straight afterwards.
The examination started at 1 p.m. Students were allowed to
eat breakfast as usual and drink a maximum of 300 ml for
breakfast until at latest 9a.m. After 9a.m., they were not
allowed to drink anymore. For lunch, they were allowed to eat
normally, but without drinking. Students were not allowed to
drink alcohol during the 24 h prior to blood sampling nor to
participate in sports within 8 h of sampling.

Immediately prior to and after the examination, clinical
parameters were measured, blood and salivary samples were
taken to assess serum and salivary cortisol and copeptin levels,
respectively, and students were asked to indicate their current
individual stress level on the adapted distress thermometer,
defined as: 0 absolutely not stressed and 10 extremely stressed
(Mehnert et al., 2006). During the examination, students were
allowed to eat and drink as much as they liked. To assess
examination outcome, students were asked to e-mail their
examination mark to the study center.

Blood sampling and salivary cortisol

At each time point, two tubes of blood were collected. One
sample of 7.5 ml in a Monovette® EDTA KE and one sample of
7.5ml in a Monovette® Serum Gel Z/7.5 ml to assay cortisol.
Copeptin was assessed with a chemiluminescence sandwich
immunoassay (BRAHMS CT-proAVP KRYPTOR, from
BRAHMS GmbH, Hennigsdorf, Germany). This assay has a
lower detection limit of 0.4 pmol/l, intra-assay coefficient of
variation of <3-15%, inter- and an inter-assay coefficient
of variation of <5-17%. Cortisol was measured with an
electrochemilumineszenzimmunoassay (Elecsys Cortisol Test;
Roche Diagnostics GmbH, Mannheim, Germany) with an
intra- assay coefficient of variation of 1.0-1.7%, inter and
inter- assay coefficient of variation of 1.4-2.8%.

Salivary cortisol was collected by chewing for at least 30's
on a cylindrical cotton swab (Salivette® Cortisol (Art.— Nr.
51.1534.500) from Sarstedt AG & Co., Niimbrecht, Germany).
Routine laboratory measurements of serum sodium, glucose,
urea and uric acid were performed in the central laboratory of
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the hospital. Serum osmolality was calculated according to the
formula (2 x serum sodium + glucose + urea).

Endpoints

The primary endpoint of this study was the change of copeptin
levels from immediately prior to the written examination as
compared to after the examination. Secondary endpoints were
correlation between stress hormones and exam success and
correlation of copeptin to cortisol as the classical stress marker.

Statistics

Discrete variables were expressed as counts (percentage) and
continuous variables as medians (interquartile range), unless
stated otherwise. To test our primary hypothesis, a two-group
comparison was performed by Wilcoxon-MWU test. To test
for gender differences, the same analysis was repeated
separately in male and female students. To investigate how
well hormonal levels are able to predict examination results,
we compared students with high performance (score: >84
points (median)) with students who had a lower performance
(<84 points) using the Mann—Whitney U test. We also used
linear regression models to study associations of cortisol and
copeptin and their change (delta) at the two time points.
Hormone levels were log-transformed before entering into the
models due to non-normal distribution. To check for differ-
ential responses in regard to HPA activation and also score
results, we repeated the analysis in each of the subgroups (i.e.
high vs low HPA activation based on median baseline cortisol
levels (=560 nmol/l) and high vs low exam score results based
on median exam points = 84), and also used interaction terms
to test for effect modification. Univariate regression models
including different potential confounders including age,
gender, BMI and baseline heart rate, sodium and osmolality
levels were calculated.

All testing were two-tailed, and p values less than 0.05
were considered as statistically significant. All data were
calculated using STATA 12.1 and GraphPad Prism®, version
4.00, for Windows (GraphPad Software, San Diego, CA).

Results

Of the 25 voluntary medical students (median age 23 years,
median BMI: 21.9 kg/rnz), 15 (60%) were female. No student
had a history of psychiatric disease, in two students, somatic
diseases (vitiligo and migraine) were reported, and 9 of 15
female students (60%) were taking a contraceptive pill. Apart
from this, no medication intake was reported. Hydration
status assessed prior to examination was euvolemic in all
participants.

Copeptin levels immediately prior to written examination
were higher compared with after its conclusion (median (IQR)
3.1 pmol/l (2.4-4.3) vs 2.3 pmol/l (1.7-2.8), p <0.001). These
results were confirmed also in a multivariate model adjusted
for osmolality, sodium, age, gender, heart rate and BMIL
Similarly, serum cortisol (561 nmol/l (386-651) vs 297 nmol/l
(235-327), p<0.001) and salivary cortisol levels (12.5 nmol/l
(8.2-17.1) vs 6.9nmol/l (5.7-8.1), p<0.001) were elevated
prior to examination in comparison to its conclusion. There
was no gender difference. Immediately prior to examination,



136 S. A. Urwyler et al.

Table 1. Characteristics of medical students before and after the written
examination.

Before exam After exam p Value
BD systole (mmHg) 138 (130-144) 141 (137-144) 0.30
BD diastole (mmHg) 79 (74-84) 82 (73-87) 0.97
Heart rate (/min) 79 (74-96) 71 (62-76) <0.01
Temperature (°C) 37.8 (37.5-38) 37.6 (37.3-37.9) 0.16
Stress score (0-10) 5 (4-6) 3 (2-3) <0.01
Copeptin (pmol/l) 3.1 (24-4.3) 2.3 (1.7-2.8) <0.01
Serum cortisol (nmol/l) 561 (386-651) 297 (235-327) <0.01
Salivary cortisol (nmol/l) 12.5 (8.2-17.1) 6.9 (5.7-8.1) <0.01
Sodium (mmol/l) 139 (138-141) 143 (142-143) <0.01
Osmolality (mmol/l) 290 (286-291) 295 (292-297) <0.01

students had a higher heart rate (79/min (74-96) vs 71/min
(62-76), p<0.001) and reported a subjective higher stress
level on the adapted distress thermometer (5 (4-6) vs 3 (2-3),
p<0.001) (Table 1).

There was no association between copeptin and cortisol
concentrations prior to examination in the overall population
(linear regression coefficient — 0.12, 95% CI: —0.50 to 0.24).
Results were similar in subjects with activated HPA axis
compared with subjects without HPA activation (p inter-
action = 0.60). Similarly, there was no significant association
between copeptin and cortisol concentrations prior to exam-
ination in subjects with high examination scores (linear
regression coefficient 0.23, 95% CI. —0.48 to 0.56). In the
subgroups of subjects with low scores, we found a significant
negative association between copeptin and cortisol concen-
trations prior to examination (linear regression coefficient
—0.57, 95% CI: —1.1 to —0.01). However, there was no
evidence for a significant interaction (p interaction =0.09).
After the examination, there was again no association of
copeptin and cortisol concentrations in the overall population
(linear regression coefficient — 0.20, 95% CI: —0.65 to 0.25).
Furthermore, we found no evidence for effect modification by
HPA activation (p interaction = 0.39) and examination results
(p interaction =0.84). Moreover, there was no association
between A-copeptin levels and A-serum cortisol levels (linear
regression coefficient —13.15, 95% CI: —69.00 to 42.70) in
the overall sample population. No differences were found in
the subgroups of students with low- and high-score results (p
interaction = 0.33) and in students with and without HPA axis
activation (p interaction =0.15).

Subjective stress levels did not correlate with cortisol
(linear regression coefficient 0.03, 95% CI: —0.01 to 0.08),
copeptin (linear regression coefficient 0.01, 95% CI: —0.07 to
0.45) or salivary cortisol levels (linear regression coefficient
—0.03, 95% CI: —0.08 to 0.26).

Students scored with a median score of 84 points (IQR:
79-90) (maximal points 119) and a median grade of 5 (IQR:
4.5-5.5). Serum cortisol levels (p=0.03) were higher in
students with a good result (Figure 1).

Logistic regression analysis found a significant association
between cortisol levels prior to the examination (OR of log
transformed cortisol: 399, 95% CI: 1.01 to >1000, p <0.05)
and good test results. No associations between good test
performance and copeptin, salivary cortisol or subjective
stress level (as indicated on the adapted distress thermometer)
were observed (data not shown).
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Figure 1. Cortisol as outcome predictor for examination result.
Comparison of cortisol levels in students who had high performance
(>84 points of 119) with students who had poor performance (<84
points) using the Mann—Whitney U-test. Error bars show mean and SD.

Discussion

This study has two main findings. First, examination stress
leads to a small increase in copeptin levels, showing that
psychological stress influences copeptin release. Second,
serum cortisol levels measured prior to the examination are
elevated as a consequence of the anticipation of the exam-
ination and predicted subsequent successful completion of the
exams. It has already been shown in different stress models
(Trier stress test, theoretical driving lesson, national medical
examination and first jump of a parachutist) that cortisol is
influenced by psychological stress (Dickerson & Kemeny,
2004; Dugue et al., 1993, 2001; Gonzalez-Cabrera et al.,
2014). Our study demonstrates that psychological stress
induced by a written examination not only leads to a rise of
serum or salivary cortisol levels but also to a rise in copeptin
levels. However, this rise is clearly less pronounced compared
with physical stress in somatic diseases like in myocardial
infarction or stroke (Katan et al., 2008a).

We found no correlation between serum or salivary
cortisol levels and copeptin levels in this group of students
overall. However, assuming that our students do not react in a
homogenous way to examination stress, we showed in a
subgroup analysis that students with a poor test result reacted
with a different HPA-activation compared with those with a
good test result. AVP is not only a stress hormone but also the
major hormone involved in water homeostasis (Katan &
Christ-Crain, 2010). One could postulate that copeptin levels,
as surrogate marker of AVP levels, may have been decreased
by the oral fluid intake (median amount =700 ml) during the
examination. However, copeptin remained an independent
predictor for examination stress after adjusting for osmolality
and sodium. Therefore, decreased sodium and osmolality can
be excluded as confounding factor for inducing a lowering of
copeptin levels after the examination. We also corrected for
other confounding factors such as age and gender.

Students with a good examination result had higher serum
cortisol levels prior to examination compared to those with a
poor result, whereas salivary cortisol, copeptin levels and
subjective stress level did not predict examination results. It is
known that in sports, high cortisol levels are associated with
better performance. For example, tennis players with higher
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salivary cortisol levels were shown to perform better than those
with lower salivary cortisol (Lautenbach et al., 2014).
However, in contrast to these findings, a small study showed
that higher salivary cortisol tended to predict a worse
examination outcome (Ng et al., 2003). One possible explan-
ation for these discrepant findings might be the degree of
cortisol elevation, as an inverted U-shape curve association has
been described for glucocorticoid levels and cognitive per-
formance, i.e. extremely high or extremely low cortisol levels
are associated with cognitive impairment (Lupien et al., 2005).
Another explanation might be that students in our study with
higher cortisol levels immediately prior to examination also
had higher cortisol levels during the consolidation period. High
cortisol levels during consolidation period are known to
improve memory and acquisition of new information (de
Quervain et al., 2009). It is known that glucocorticoids have
multiple and conflicting effects on memory function with
positive effects on memory consolidation and activation of the
glucocorticoid receptors seems to be essential for long-term
storage of information (Lupien et al., 2005). However, stress
and glucocorticoids can also impair retrieval of long-term
memory. For example, healthy volunteers treated with 25 mg
cortisone were significantly worse in recalling information
relative to placebo controls (de Quervain et al., 1998).

Our study has several limitations. First, we did not measure
cortisol and copeptin levels during the consolidation period.
Second, we did not measure morning cortisol levels due to the
fact that examinations took place in the afternoon. Third,
there was no fully standardized eating and drinking protocol
as students disagreed to change their habits during the
examination. However, fluid intake between breakfast and
beginning of the examination was reduced to 300 ml, assuring
that prior fluid intake did not suppress copeptin levels.

Conclusion

In conclusion, psychological stress leads to a small increase in
copeptin level, less pronounced than in somatic diseases.
When using copeptin as a biomarker in clinical routine,
psychological stress might only be taken into consideration in
disorders with subtly abnormal levels such as polyuria/
polydipsia syndrome. Moreover, we showed that stress
preceding an examination has differential effects on HPA-
axis activation in subgroups that report equal levels of
subjective stress. Higher serum cortisol levels, but not
copeptin, seem to predict a better examination performance.
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