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The  Trier  Social  Stress  Test (TSST)  is  the  most  widely  used  laboratory  stress  protocol  in psychoneuroen-
docrinology.  Despite  its popularity,  surprisingly  few  attempts  have  been  made  to  explore  the  ecological
validity  of the  TSST.  In  the  present  study,  31  young  healthy  subjects  (24 females)  were  exposed  to  the TSST
about  4  weeks  before  completing  an  oral  exam  on  a  separate  day.  Salivary  cortisol  levels  increased  signif-
icantly  in  response  to  both  stimuli  (TSST:  F(2.21,  66.33)  = 5.73,  p = 0.004;  oral  exam:  F(1.98,  59.28)  =  4.38,
p  =  0.017)  with  similar  mean  response  curves  and  significant  correlations  between  cortisol  increases  and
areas under  the response  curves  (increase:  r =  0.67;  AUC:  r =  0.56; both  p ≤  0.01).  Correspondingly,  changes
in  positive  and  negative  affect  did  also show  significant  correlations  between  conditions  (increase:  posi-
tive  affect:  r  = 0.36; negative  affect:  r =  0.50;  both:  p ≤  0.05;  AUC:  positive  affect:  r  = 0.81;  negative  affect:
eal-life stress r  = 0.70;  both  p ≤  0.01)  while  mean  time  course  dynamics  were  significantly  different  (positive  affect:
F(2.55,  76.60)  =  10.15,  p =  0.001;  negative  affect:  F(1.56,  46.82)  =  23.32,  p =  0.001),  indicating  that  the  oral
exam  had a more  pronounced  impact  on  affect  than  the TSST.

Our  findings  provide  new  evidence  for the  view  that  cortisol  as  well  as  subjective  stress  responses  to
the  TSST  are  indeed  significantly  associated  with  acute  stress  responses  in  real  life.

© 2016  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Hypothalamus-pituitary-adrenal (HPA) axis responses to acute
tress are considered an important biomarker of individual stress
egulation, more so than baseline measures. Therefore, psychoneu-
oendocrine research on the link between stress and disease in
umans requires standardized and valid protocols to induce psy-
hological stress under controlled conditions. A protocol that has
idely been used in healthy subjects as well as in various clini-

al populations for more than 20 years is the Trier Social Stress

est (TSST) (Kirschbaum et al., 1993, 1992; Kudielka et al., 2009).
owever, although stress exposure under controlled conditions has
dvantages in many respects, it lacks direct evidence of ecological
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validity (Dickerson and Kemeny, 2004). The usefulness of the TSST
has been clearly demonstrated, e.g. in studies that found signifi-
cant stress response differences between psychiatric patients and
healthy controls (Burke et al., 2005) or in studies showing signif-
icant and plausible cross-correlations between psychological and
endocrine stress responses (Schlotz et al., 2008). But to the best
of our knowledge, very few attempts have been made to directly
address the question, if stress responses to the TSST are related
to acute stress responses in real life. An exception is a study by
Wolfram et al. (2013) who investigated the association between
cortisol responses to the TSST and responses to a graded demon-
stration lesson in a sample of 21 student teachers, but they failed
to find a significant correlation. It is, however, possible that this
study missed to capture the cortisol peak in the real-life stress con-
dition because saliva sampling was  not possible during the 45 min
demonstration lesson.

To further explore the ecological validity of the TSST in the
present study, we  chose a brief oral exam as naturalistic stres-

sor. The advantage of the current approach was the similarity to
the TSST in duration (10 min) and content (speaking in front of
an audience with the perceived risk of being negatively evalu-
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ted (Dickerson and Kemeny, 2004; Kudielka and Wüst, 2010)).
e hypothesized that we would observe a significant association

etween the oral exam and the TSST with respect to cortisol and
ubjective stress responses.

. Materials and methods

In a sample of 31 apparently healthy students of the Univer-
ity of Regensburg (24 women, 7 men; age: 19–32 years, M = 22.48,
D = 4.32) we assessed salivary cortisol and self-reported psycho-
ogical stress responses to the TSST and to an oral pass-fail exam
hat was part of a university course for bachelor students in psy-
hology. This test was the first oral exam in the study course. While
he panel consisted of two examiners in the TSST, only the stu-
ent and the lecturer, inquiring about main topics of the psychology
ourse, were present in the room during the oral exam. Both stress
xposures took place on weekdays between 1:00 and 5:00 pm
nd subjects were instructed to refrain from physical exercise and
arge meals at least 90 min  before the onset of the assessment. The
xposures followed identical protocols including repeated saliva
ampling with cortisol salivettes (Sarstedt, Nümbrecht, Germany)
nd affect ratings using the Positive and Negative Affect Scales
PANAS; (Watson et al., 1988)). Participants were asked to collect
amples and to rate their affect at minute −30, −20, −10, 0, +10,
20, +30 and +40 relative to stress onset. During the brief stress
xposures, no saliva samples or affect ratings have been collected.
ll participants provided their written informed consent and were
aid 20 D or received participant hours for taking part in the study.
n average 26.7 (±12.47) days after TSST exposure subjects com-
leted the oral exam as part of their bachelor’s degree. As assessed
ith an in house questionnaire, all subjects reported good health

nd no psychological treatment for the past 24 months prior to
tudy entry or scored below the cut-off value (<14) of the WHO-5

orld Health Organization Well-Being Index (WHO-5; (Topp et al.,
015)). Thirty participants reported to be non-smokers and one
articipant reported to smoke less than five cigarettes per day.
ourteen of the 24 females reported to use oral contraceptives.
t was made clear to the subjects that participating in this study

ould in no way affect the outcome of the oral exam, and that the
xaminer was not involved in the study.

. Results

An ANOVA for repeated measures with salivary cortisol as
ependent measure yielded a significant main effect time for the
SST (F(2.21, 66.33) = 5.73, p = 0.004, �2 = 0.160) and the oral exam
F(1.98, 59.28) = 4.38, p = 0.017, �2 = 0.127) (Fig. 1 A). We  applied
reenhouse-Geisser corrections because the sphericity assump-

ions were violated. While mean pre-stress levels in both conditions
ere virtually identical, cortisol responses to the TSST were
arginally higher than responses to the oral exam (main effect con-

ition:  F(1.0, 29.0) = 3.56, p = 0.069, �2 = 0.109). This trend effect can
e explained by higher TSST- compared to exam-responses in males
s documented by a significant interaction effect of time x condition

 sex (F(2.88, 83.47) = 3.46, p = 0.021, �2 = 0.107). Responder rates
ccording to the recently suggested criterion by Miller et al. (2013)
ere similar in the two stress exposures, with 22 subjects show-

ng a cortisol response to the TSST and 18 subjects responding to
he oral exam. We  then used Pearson correlations to investigate
he association of TSST cortisol responses and cortisol responses to

ur naturalistic stressor. We  found that both, cortisol increases (i.e.

ndividual peak levels minus individual pre-stress levels) as well as
reas under the response curves (AUC) as measure of total cortisol
utput were significantly correlated between TSST and exam con-
ocrinology 75 (2017) 52–55 53

dition (increase: r = 0.67, �2 = 0.212; AUC: r =. 56, �2 = 0.314; both
p ≤ 0.01; Fig. 1B and C).

Furthermore, changes in positive and negative affect in response
to the TSST and the oral exam were also significantly associated
(increase: positive affect: r = 0.36, �2 = 0.13; negative affect: r = 0.50,
�2 = 0.25; both: p ≤ 0.05; AUC: positive affect: r = 0.81, �2 = 0.66;
negative affect: r = 0.70, �2 = 0.49; both p ≤ 0.01). Nevertheless,
and in contrast to cortisol responses, mean time course dynam-
ics in positive and negative affect did significantly differ between
conditions (Fig. 2). An ANOVA for repeated measures revealed a
significant time x condition interaction for positive affect (F(2.55,
76.60) = 10.15, p = 0.001, �2 = 0.25) as well as for negative affect
changes (F(1.56, 46.82) = 23.32, p = 0.001, �2 = 0.44). Positive affect
levels prior to the oral exam where lower than prior to the TSST.
They increased substantially after the oral exam while they did
not show a rise after the TSST. Consistently, negative affect rat-
ings where rather high prior to the oral exam followed by a distinct
decline after stress. In contrast, the negative affect peak levels in the
TSST condition were observed immediately after stress exposure
has ended.

4. Discussion

The aim of the present study was to explore the ecological valid-
ity of the TSST, by comparing it with a real-life and meaningful
acute psychological stressor. In a sample of 31 young healthy sub-
jects, we found that salivary cortisol as well as affect responses to
the TSST and to an oral university exam were significantly associ-
ated. These findings support the view that TSST responses indeed
are significantly associated with acute stress responses in real
life. Mean salivary cortisol response curves where very similar in
both conditions suggesting a similar initial intensity of the over-
all perceived stress resulting in a subsequent HPA axis activation
including a release of cortisol from the adrenals. However, mean
affect response curves did significantly differ between conditions.
While subjects reported to be rather nervous, anxious or distressed
prior to the oral exam, their positive affect levels increased and
their negative affect levels decreased immediately after it, a pattern
that can perhaps be interpreted as significant relief. This assump-
tion appears plausible as the subjects were immediately informed
about their performance and as all subjects passed the ungraded
exam. Remarkably, mean affect ratings clearly differed between
conditions already at our first measurement point (−30 min). These
pre-stress differences could indicate that the upcoming exam was
appraised as being more relevant than the participation in a psycho-
logical study resulting in a more distinct anticipation response prior
to the oral exam. Moreover, affect ratings prior to the TSST exposure
may  indicate that the subjects had no clear expectations regard-
ing the TSST and that they thus underrated the stress induced by
this “artificial” scenario (although the subjects certainly received a
detailed written information describing the TSST-procedure before
they signed the consent form). Affect ratings after the TSST did
not suggest that the subjects felt relieved, perhaps as a conse-
quence of forced failures and perceived social-evaluative threat.
Due to the partial mismatch between expectations prior to expo-
sure and actual situational characteristics of the TSST (e.g. two
examiners not giving any (non-)verbal supportive feedback etc.)
subjects may  also have perceived more uncontrollability during the
TSST than in the oral exam. This pattern can perhaps be described
as ‘worse than anticipated’. Although endocrine and psychologi-
cal stress responses theoretically represent indicators of the same

construct, an apparent inconsistency between these domains is a
well-known phenomenon that, at least in part, can be explained by
different response dynamics (Andrews et al., 2013; Schlotz et al.,
2008).



54 G.-I. Henze et al. / Psychoneuroendocrinology 75 (2017) 52–55

TSST
-5 0 5 10 15 20 25

or
al

 e
xa

m

-5

0

5

10

15

20 r = .67

increase

time [minutes]

-30 -20 -10 0 10 20 30 40

sa
liv

ar
y 

co
rti

so
l [

nm
ol

/l]

0

5

6

7

8

9

10

TSST 
oral exam 

stress

A B

C

TSS T
0 500 1000 1500 2000 2500

or
al

 e
xa

m

0

200

400

600

800

1000

1200

1400
r = .56

AUC

Fig. 1. (A) Mean salivary cortisol responses (nmo/l ± SEM) to the TSST and the oral exam and correlations of cortisol (B) increases and (C) areas under the response curve
(AUC)  between the TSST and the oral exam.
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Fig. 2. Mean responses (score ± SEM) of (A) positive and (B) n

Our study has several limitations. First of all, the duration of our
aturalistic stressor as well as its psychological elements (acute
hallenge, uncontrollability, pressure to perform, social-evaluative
hreat, fear of failure) were rather similar to those of the TSST. While
his is not a limitation per se – in fact, we specifically searched for

 naturalistic stressor with sufficient intensity that shows these
haracteristics – it limits the generalizability of our findings. Our
ndings do not demonstrate comprehensive ecological validity of

he TSST for stress responses in general. Further obvious and inter-
elated limitations are the small sample size, particularly the small
umber of male subjects as well as the lack of control for oral
ontraceptive usage (OC), of potential specific effects of different
Cs (Pletzer and Kerschbaum, 2014) and of menstrual cycle phase

ncluding ovulation in female subjects. These shortcomings were
aused by the fact that exams showing the above mentioned char-
cteristics are rare at our institute and that only highly motivated
tudents agree to participate in a study while taking an exam that

s relevant for their bachelor’s degree. However, in a supplemen-
ary analysis we did not find significant differences in mean cortisol
esponses to the TSST or the oral exam in females using versus not
sing oral contraceptives (all p > 0.4 for main effects OC and time x
time [minutes]

e affect (PANAS scores ± SEM) to the TSST and the oral exam.

OC interactions). On a descriptive level, OC using females showed
on average marginally lower cortisol levels prior to stress exposure
while cortisol levels after stress exposure where almost identical.

In summary, the TSST has proven its usefulness in numerous
studies. So far, however, our knowledge on the real-life validity of
the TSST was scarce. In our view, the current study made an impor-
tant contribution to the validation of this paradigm. Results of the
present study suggest that salivary cortisol and affect responses to
the TSST are significantly associated with corresponding responses
to a brief acute stressor in real life.
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