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ABSTRACT

Background: Pre-and post-traumatic hypothalamic—pituitary—adrenal (HPA) axis markers have
been studied to predict posttraumatic stress disorder (PTSD) risk, but its acute reactivity cannot
be measured in real-life settings. Experimental paradigms can depict the cortisol response to
stimuli that simulate traumatic events.

Objective: To review experimental studies on the cortisol response to traumatic stimuli and
the correlation between cortisol and PTSD symptoms.

Method: Experimental, (un-)published studies in German or English from any year were
eligible if they confronted non-traumatized humans with traumatic stimuli, assessed cortisol
before, during or after stimulus presentation and subsequent PTSD symptoms. The literature
was searched via PubMed, PubPsych, PsychINFO, PsycArticle, Web of Science, EMBASE,
ProQuest and ClinicalTrials.gov up to 16th February 2021. Risk of bias was assessed with the
Cortisol Assessment List. Multilevel-meta-analyses were conducted under the random effects
model. The standardized mean change (dsyc) indicated the cortisol response. Coefficient r
indicated the correlations between cortisol and PTSD symptoms.

Results: 14 studies, investigating 1004 individuals, were included. A cortisol response was
successfully induced between 21 and 40 min post-presentation onset (Kopservations= 25,
dspc=0.15 [.03; .26]). Cortisol was not associated with overall or cluster-level PTSD
symptoms. On a symptom-level, higher pre-presentation onset cortisol was correlated with
lower state tension (k=8, r=—-.18 [-.35; —.01]), higher state happiness (k=8, r=—.34 [-.59;
—.03], variable inverted) and lower state anger (k=9, r=—.14 [-.26; —.01]). Higher post-
presentation onset cortisol was correlated with higher state happiness (k=16, r=—.20 [-.33;
—.06]) and lower state sadness (k=17, r=-.16 [—.25; —.05]), whereas cortisol response was
positively correlated with state anxiety (k=9, r=.16 [0.04; 0.27]).

Conclusions: Experimental paradigms effectively induce a cortisol response. Higher basal
cortisol, higher cortisol, as measured after traumatic stimulus presentation, and a lower
cortisol response were associated with more adaptive emotional reactions. These markers
did not predict longer-term PTSD symptoms.

Respuesta del cortisol al estrés traumatico para predecir el desarrollo de
sintomas de TEPT: una revisidon sistematica y metanalisis de estudios
experimentales

Antecedentes: Se han estudiado los marcadores del eje hipotadlamo-pituitario-suprarrenal
(HPA) pretraumatico y postraumatico para predecir el riesgo de trastorno de estrés
postraumatico (TEPT), pero su reactividad aguda no puede ser medida en escenarios de la
vida real. Los paradigmas experimentales pueden representar la respuesta del cortisol a los
estimulos que simulan eventos traumaticos.

Objetivo: Revisar los estudios experimentales sobre la respuesta del cortisol a los estimulos
traumaticos y la correlacién entre el cortisol y los sintomas del TEPT.

Método: Los estudios experimentales (no) publicados en alemén o inglés de cualquier afio
fueron elegibles si confrontaron a humanos no traumatizados con estimulos traumaticos,
evaluaron el cortisol antes, durante o después de la presentacion del estimulo y los
sintomas de TEPT subsecuentes. Se realizaron busquedas en la literatura a través de
PubMed, PubPsych, PsychINFO, PsycArticle, Web of Science, EMBASE, ProQuest y
ClinicalTrials.gov hasta el 16 de febrero de 2021. El riesgo de sesgo se evalué con la Lista de
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HIGHLIGHTS

Experimental trauma
paradigms successfully
induced a cortisol
response.

Cortisol was predictive for
single state, emotion-
related symptoms, but not
overall PTSD symptoms.
Trauma paradigms shed
light into the immediate
post-trauma period that is
hard to capture in real life,
but the gap between
experimental and
naturalistic settings is
difficult to overcome.
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evaluacion de cortisol. Se realizaron metaandlisis multinivel bajo el modelo de efectos
aleatorios. EI cambio medio estandarizado (dSMC) indicé la respuesta del cortisol. El
coeficiente r indicé las correlaciones entre el cortisol y los sintomas de TEPT.

Resultados: Se incluyeron 14 estudios que investigaron a 1004 personas. Se indujo con éxito
una respuesta de cortisol entre 21 y 40 minutos después del inicio de la presentacién
(Kobservaciones = 25, dspc = 0,15 [0,03; 0,26]). El cortisol no se asocié con sintomas generales o a
nivel de grupos sintométicos de TEPT. A nivel de sintomas, un nivel mas alto de cortisol
antes de la presentacion se correlacioné con un estado de tensién mas bajo (k=8, r=-0,18
[-0,35; —0,01]), estado de felicidad mas alto (k=8, r=— .34 [-.59; —.03], variable invertida) y
menor estado de ira (k=9, r=—.14 [-.26; —.01]). Un nivel mas alto de cortisol posterior a la
presentaciéon se correlacioné con un estado de felicidad mas alto (k=16, r=-0,20 [-0,33;
—0,06]) y un estado de tristeza mas bajo (k=17, r=-0,16 [-0,25]; —0,05]), mientras que la
respuesta de cortisol se correlacioné positivamente con el estado de ansiedad (k=9, r=0,16
[0,04; 0,271]).

Conclusiones: Los paradigmas experimentales inducen efectivamente una respuesta de
cortisol. El cortisol basal mas alto, el cortisol mas alto, medido después de la presentacion
del estimulo traumdtico, y una respuesta de cortisol mas baja se asociaron con reacciones
emocionales mas adaptativas. Estos marcadores no predijeron los sintomas del TEPT a largo
plazo.
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1. Theoretical background

After exposure to a traumatic event, that is, actual or
threatened death, serious injury or sexual violence
(American Psychiatric Association, 2013), most indi-
viduals suffer from acute, but transient distress. This
can be considered a normal response to an extraordi-
nary stressor (Bonanno & Loss, 2004). While many
individuals are resilient to traumatic stress (Galatzer-
Levy et al. 2018), some develop mental disorders.
The most prominent disorders are acute stress dis-
order, with prevalence rates between 14.1% and
36.0% within the first month post-trauma (Geoffrion
et al, 2020), and posttraumatic stress disorder
(PTSD), with an estimated lifetime prevalence rate of
5.6% among trauma-exposed individuals (Koenen
et al.,, 2017). In order to provide targeted preventive
interventions for individuals who are at increased

risk for PTSD, it is necessary to understand how
they differ from resilient individuals.

To address this question, many studies analysed
pre-, peri-, and post-traumatic factors and their
association with later PTSD development. Studies on
brain-derived prognostic markers focused particularly
on post-traumatic factors collected in emergency
departments or other facilities for acute post-trauma
health care (Schultebraucks et al., 2020). These studies
highlighted that a smaller hippocampal volume (Gil-
bertson et al., 2002), decreased functional cortico-lim-
bic connectivity (Harnett et al., 2021), as well as
hyperreactivity of limbic brain regions might contrib-
ute to later PTSD development (Stevens et al., 2017).
The importance of enhanced limbic activity was
confirmed by studies focusing on pre-traumatic bio-
logical risk factors (Admon et al., 2009; McLaughlin
et al, 2014). Information on such pre-traumatic



factors can best be collected by following up on
cohorts with increased risk for trauma exposure,
such as first responders or military personnel (Berger
et al., 2012; Hoge et al., 2004).

Besides structural and functional neuroimaging
approaches, PTSD risk can be informed by other
prognostic biomarkers, including (epi-)genetic mar-
kers, neuromodulators, autonomic markers or hor-
mones (as reviewed in Pitman et al. (2012)).
Among  these,  hypothalamic-pituitary—adrenal
(HPA) axis markers, as derived from tissues such as
blood or saliva which capture the immediate cortisol
response within minutes after a stressor, as well as
from as hair, fingernails, or urine, which reflect
cumulative cortisol output from several hours
(urine) to months (hair, fingernails), have most com-
monly been studied (Olff & van Zuiden, 2017), albeit
often with inconsistent results (Engel et al., 2022). In
order to address these inconsistencies and correctly
interpret previous evidence, it seems necessary to dis-
tinguish between long- and short-term markers of
HPA axis regulation, as well as to disentangle the
respective impact of trauma exposure and PTSD
symptoms. An integrative, theoretical model suggests
that trauma exposure causes a short-term increase,
but a subsequent decrease of cortisol output. That
way, following a dose-response-relationship, cumu-
lative trauma is suggested to lead to a chronic HPA
axis downregulation, in line with a biological ‘build-
ing block’ effect, which increases PTSD risk
(Steudte-Schmiedgen et al, 2016). Consequently,
lower pre-traumatic cortisol, a higher cortisol
response and lower post-traumatic cortisol are
hypothesized as prognostic biomarkers for an
increased PTSD risk. However, although the ‘biologi-
cal building block model’ suggests increased cortisol
output in the immediate aftermath of a trauma in
individuals at risk, the model has so far mainly
been tested with data on hair cortisol, which is not
a suitable marker to depict HPA axis reactivity.

A meta-analysis of seven studies conducted in acute
post-trauma healthcare settings failed to show that cor-
tisol in blood, saliva or urine measured within 72 h
post-trauma are predictive for PTSD symptoms from
one up to six months later (Morris et al, 2016).
While assessing humans in such settings within hours
post-trauma is the closest timepoint to capture
immediate responses to the event, this comes with
two relevant limitations. First, such settings restrict
the assessment of pre-trauma cortisol levels and thus,
researchers are unable to assess individual baseline
levels. Second, aftereffects of a strong immediate HPA
axis reactivity might still be reflected in cortisol output
some hours after the traumatic stressor, but immediate
HPA axis reactivity cannot exactly be captured. In
other words, fine-grained investigations of their corti-
sol responses during trauma are simply not feasible in
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real-life settings. Fortunately, experimental paradigms
offer at least an approximate solution to this problem.
Exposing individuals to stimuli with traumatic content
(e.g. violent films or pictures), these paradigms allow
for psychological and biological measurements before,
after, and - extending the limitations of real-life
investigations — even during stimulus presentation.
Thereby, they enable a clear distinction between pre-,
peri- and posttraumatic risk factors for PTSD and are
suitable to precisely depict what happens when
humans are exposed to traumatic stimuli, on a
psychological and biological level. Previous evaluations
of experimental trauma paradigms showed that they
are effective in inducing PTSD symptoms (Holmes &
Bourne, 2008; James et al., 2016). Thus, these para-
digms seem suitable to investigate HPA axis reactivity
to traumatic stress as a prognostic biomarker for
PTSD symptoms.

This study aimed to systematically review all
empirical studies that related cortisol concentrations
before, during or after exposure to traumatic stimuli
(i.e. related to actual or threatened death, serios injury
or sexual violence) to subsequent PTSD symptoms.
Our main research questions were defined along the
PFO framework for prognostic systematic reviews
(Munn et al., 2018): Our population of interest were
humans without prior trauma exposure who did not
suffer from PTSD symptoms. We investigated cortisol
concentrations measured before and after the presen-
tation of traumatic stimuli, as well as the cortisol
response to the traumatic stimuli - as reflected in
summary parameters reflecting multiple measure-
ments — as prognostic factor to predict subsequent
PTSD symptoms as outcome.

We investigated the following research questions:

(1) Are there differences between cortisol concen-
trations measured before and after onset of the
traumatic stimuli presentation?

(2) Are cortisol concentrations before the presen-
tation of traumatic stimuli correlated with sub-
sequent PTSD symptoms?

(3) Are cortisol concentrations after the presentation
of traumatic stimuli correlated with subsequent
PTSD symptoms?

(4) Is the cortisol response to traumatic stimuli corre-
lated with subsequent PTSD symptoms?

2. Methods

This systematic review was conducted in accordance
with the PRISMA 2020 guidelines (Page et al., 2021).
Adherence to the guidelines is documented in sup-
plementary material 1. The systematic review was pre-
registered: https://osf.io/9yb7s. Deviations from the
preregistration are documented in supplementary
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Table 1. Inclusion and exclusion criteria.

Domain

Inclusion criteria

Exclusion criteria

Participants

Intervention®/

Humans without prior trauma exposure who do not suffer from
PTSD symptoms

Experimental studies that used visual or auditory stimuli (e.g.

Animal studies

Studies that explicitly state that they investigated
individuals with prior trauma exposure

Studies that explicitly state that they investigated
PTSD patients

Experimental studies that used exclusively olfactory or

Experiment words, texts, pictures or movies) with traumatic content to simulate haptic stimuli
traumatic events Experimental studies that used stimuli without
traumatic content
Comparison Studies that compared groups of individuals, experimental No exclusion criterion regarding comparisons
conditions® or timepoints
Outcomes Differences between ... Studies that did not measure any parameters that are
o cortisol concentrations before® ... necessary to assess the differences or correlations of
o cortisol concentrations after® ... interest
o ... presentation of stimuli with traumatic content
m Correlations between cortisol parameters ...
cortisol concentrations before® ...
cortisol concentrations after® ...
o ... presentation of stimuli with traumatic content
cortisol reactivity to the stimuli with traumatic content
o ... and PTSD symptoms that were measured after presentation of
the stimuli with traumatic content:
intrusion symptoms
avoidance symptoms
negative alterations in cognition and mood
marked alterations in arousal and reactivity
Study designs o Empirical studies with an experimental design o Systematic reviews and meta-analyses
o Studies that measured one of the above-mentioned cortisol ¢ Empirical studies without an experimental design
parameters before measuring PTSD symptoms (any follow-up o Studies that did not measure one of the above-
length) mentioned cortisol parameters before measuring
PTSD symptoms
Report e Published and unpublished reports (e.g. journal articles, preprints, e No exclusion criterion regarding the report format

characteristics
providing the necessary information)
e German or English
e Reports from any year

conference abstracts, dissertations, or any other document ¢ Any other language than German or English

» No exclusion criterion regarding the year of
dissemination

2Studies were only be eligible if the cortisol samples were collected at the day of the experiment.
BIf cortisol concentrations or outcome values were influenced by an intervention that was administered or by the potential effects of different experimental
conditions, the study was not excluded, but the potential impact factor was extracted and data were extracted separately for different interventions or

experimental conditions.

material 2. All data and analysis scripts are available at:
https://osf.io/tbgch/.

2.1. Eligibility criteria

The inclusion and exclusion criteria are listed in
Table 1.

2.2. Literature search

We conducted a systematic literature search in accord-
ance with the recommendations by Lipsey and Wilson
(2001). We searched the following electronic data-
bases: PubMed, PubPsych, PsychINFO, PsycArticle,
Web of Science and EMBASE up to December, 21st
2020. We additionally searched ProQuest for disser-
tations (15 February 2021) and ClinicalTrials.gov for
unpublished studies (16 February 2021). We also

searched the grey literature by examining conference
abstracts and by contacting experts in the field.
Additionally, we applied snowball search methods by
examining reference lists of review articles and pri-
mary studies that were already considered eligible
for inclusion. Our electronic search strategy is pre-
sented in supplementary material 3. The literature
search was conducted by two trained researchers (SK
and SE).

To select eligible studies, in a first step, SK screened
titles and abstracts of all records identified by the lit-
erature search and decided if they met the inclusion
criteria. SE checked the quality of this first screening
step by independently screening titles and abstracts
of a randomly selected subpool of 30% of all records.
We manually calculated the degree of agreement,
which was very high (99%). In case of discrepancies,
the respective record was transferred to the next
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step: the full-text screening. This step was conducted
in duplo (SK and SE). The reports of those studies
that meet all inclusion criteria were included in the
qualitative part of the systematic review and, if
sufficient data were available, they were also included
in the meta-analyses.

2.3. Data extraction

Two trained researchers (SK and SE) independently
extracted the data of interest, using a standardized
form. In case of discrepancies, a third trained
researcher (SL) made an independent decision.

We extracted the following data for the qualitative
analyses: bibliographic details of the report; partici-
pants description; number and age of participants;
percentage of women; description of the traumatic
stimuli; duration of the stimulus presentation; time
of day of the experiment; type of cortisol sample;
unit of cortisol concentrations; description of par-
ameters used to reflect the cortisol response (formula,
M, SD or SEM).

For the meta-analyses on the cortisol response, we
extracted: M and SD or SEM of cortisol, as well as
the timing of collection in relation to the onset of
the traumatic stimuli presentation (pre, peri or post-
presentation cortisol). For post-presentation cortisol,
we also extracted the number of minutes since onset
of the presentation. If several pre-presentation cortisol
values were reported, we chose those assessed shortest
before presentation onset.

For the meta-analyses on the correlation between
cortisol and PTSD symptoms, we additionally
extracted the respective r values.

If relevant data was only depicted in a figure, we
extracted them using a plot digitizer (Rohatgi, 2015).
The average deviations between the values extracted
with the plot digitizer by SK and SE were low
(2.04%). If data was neither reported in the text, nor
depicted in a figure, we contacted the corresponding
authors.

The risk of bias related to HPA axis reactivity
assessment was rated independently by two trained
researchers (SL and SE), using the Cortisol Assess-
ment List (CoAL; Laufer et al., 2022). The list evaluates
the quality of cortisol assessments based on: sampling
protocol, consideration of state covariates, consider-
ation of trait covariates and exclusion criteria. If rat-
ings were discrepant, the decision was re-evaluated
and discussed until agreement was achieved.

2.4. Meta-analyses

2.4.1. Cortisol response to experimentally-

induced traumatic stress

To examine potential differences between cortisol
levels before and after traumatic stimuli presentation
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(research question 1), we conducted a multilevel-
meta-analysis, which enabled us to consider several
observations from the same sample. There was con-
siderable variance in the number of minutes between
traumatic stimuli presentation onset and post-pres-
entation cortisol assessment, which suggested the
necessity to conduct a time-sensitive analysis of the
cortisol response. We thus conducted four separate
meta-analyses for the timeframes: 0-20, 21-40, 41-
60 and >60 min since presentation onset. Studies
on standardized stress tests, such as the Trier Social
Stress Test (TSST), showed that cortisol peaks
between 10 and 30 min after stress cessation (Foley
& Kirschbaum, 2010). The active component of the
TSST takes about 20 min (Labuschagne et al,
2019). Therefore, the cortisol response could
especially be expected in the second (21-40 min),
and possibly still in the third time window (41-
60 min). We used the standardized mean change
(dspc) to indicate differences between pre- and
post-presentation onset cortisol, applying a raw
score standardization with heteroscedastic population
variances (Bonett, 2008).

2.4.2. Correlation between cortisol and
subsequent PTSD symptoms

To examine the correlations between pre-presen-
tation cortisol (research question 2), post-presen-
tation cortisol (research question 3) or the cortisol
response (research question 4) and PTSD symptoms,
we again conducted multilevel-meta-analyses. Corre-
lations were indicated by the coefficient r. PTSD
symptoms were first grouped according to the
DSM-5 symptom cluster level (e.g. intrusion symp-
toms) and then on a single-symptom level (e.g.
dissociation).

2.4.3. Heterogeneity of effects and risk of bias
assessment

In order to determine heterogeneity of effects, Q and I?
were used (Borenstein et al., 2011). Given a non-sig-
nificant Q (p >.05), effects were interpreted as signifi-
cant if p <.05. Given a significant Q statistic (p <.05)
and P values of 25, 50, and 75, effects were interpreted
as lowly, moderately and highly heterogeneous,
respectively. In these cases, moderator analyses were
applied. As moderators, we considered participants’
sex, CoAL ratings and impact of the experimental con-
dition (dampening, not influencing or increasing the
cortisol response). If a homogeneous and significant
effect was based on n> 6 primary studies, we tested
risk of publication bias using Egger’s regression test
(Egger et al, 1997) and the trim-and-fill procedure
(Duval & Tweedie, 2000). All meta-analyses were con-
ducted under the random effects model, using the soft-
ware R (RStudio Team, 2022) and the meta-analysis
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packages metafor (Viechtbauer, 2010), dmetar (Harrer
et al., 2019) metaviz (Kossmeier et al., 2020).

3. Results
3.1. Qualitative analyses

3.1.1. Description of included studies

The results of the study selection process are shown
in Figure 1. 15 reports of 14 independent studies,
summarizing data of 1004 individuals, were
included. Supplementary material 4 includes a full
list of the reports. Details of the participants and
experimental setups are shown in Table 2. Partici-
pants were mostly recruited in university contexts
and therefore relatively young, healthy and highly
educated. Women were overrepresented (732 indi-
viduals, 72.91%). Most studies used a trauma film
(n=12) as stimulus. Among trauma films, a scene
from the film Irréversible, directed by Gaspar Noé
which depicts sexual and physical violence, was
most frequently used (n=9). Stimulus presentation
times ranged between 2 and 15 min. All studies eval-
uated the effects of psychological and/or biological
variables on subsequent PTSD symptoms. In n=9
studies, these variables were experimentally manipu-
lated: Hilberdink et al. (2021) investigated the
impact of exposure to a socially-evaluated cold
pressor test (CPT), as compared to a warm water
control condition, before the trauma film. Cheung
et al. (2015) applied the socially-evaluated CPT, as
well, but two days after the trauma film. In one
group, the socially-evaluated CPT was combined
with a reactivation induction of the traumatic mem-
ory, in another group, a warm water control con-
dition was combined with the reactivation and a
third group was exposed to the socially-evaluated
CPT without reactivation. Schultebraucks et al.
(2019) investigated the impact of the biological
responses to participation in the TSST, versus an
active control condition (placebo TSST) on proces-
sing of the traumatic stimuli. In the study conducted
by Lass-Hennemann et al. (2018), three groups
watched a trauma film but engaged in different
activities afterwards. One group actively engaged
with therapy dogs, a second group watched a film
depicting dogs and a third group spent the time
alone, instructed to relax. Marks (2018) evaluated
the effects of different memory reconsolidation strat-
egies (negative, neutral or scrambled cues, as pre-
sented before, or neutral cues, presented after an
extinction session that took place 48 h after the par-
ticipants watched the trauma film). Rombold et al.
(2016a) compared the effects of clonidine
(0.15 mg), yohimbine (10 mg) and placebo and in
another study (Rombold et al., 2016b) they evaluated
the effects of hydrocortisone (20 mg) versus placebo,

all administered before the trauma film. Scheele
et al. (2019) compared the effects of repeated intra-
nasal oxytocin (6 daily doses of 24 IU) versus pla-
cebo administration, as applied after the trauma
film. Lastly, Kamboj et al. (2020) compared the
effects of single doses of hydrocortisone (30 mg),
propranolol (80 mg) and placebo administration,
also administered directly after the trauma film. If
possible, subsamples assigned to different exper-
imental conditions or interventions within one
study were entered separately in the meta-analyses.
Some of these experimental conditions or interven-
tions have an impact on the cortisol response. We
categorized them into (a) dampening the cortisol
response (clonidine, oxytocin), (b) not influencing
the cortisol response (any experimental conditions
or interventions applied after presentation of the
traumatic stimuli; control and placebo conditions)
or (c) increasing the cortisol response (socially-eval-
uated CPT, yohimbine, hydrocortisone, TSST). We
used this categorization for moderator analyses.

3.1.2. Description of cortisol assessments

Figure 2 gives an overview of the timing of cortisol
assessments with respect to the experimental setup.
Supplementary material 5 provides more detailed
information about the cortisol assessments. Cortisol
was mostly measured in saliva. The CoAL ratings for
each study and domain are depicted in supplementary
material 6. The CoAL global scores indicated sufficient
cortisol data quality (M=67.79, SD=17.75). All
studies had a baseline cortisol assessment. Only n =1
study investigated cortisol during stimulus presen-
tation. As the maximal duration of stimulus presen-
tation was 15min, it can be assumed that the
cortisol response is reflected in some of the post-pres-
entation concentrations. The number of cortisol
assessments ranged between 2 and 6.

3.1.3. Description of PTSD symptom assessments

The most frequently measured PTSD symptoms are
shown in Figure 3. Details about the PTSD symptom
assessments are shown in supplementary material
7. Intrusion frequency, distress and vividness, repre-
senting the DSM-5 symptom cluster B, were the
most frequently investigated outcomes (investigated
in n=12, n =9 and n = 6 studies, respectively). Cluster
C (avoidance) was not directly investigated, only as
part of overall PTSD symptom questionnaires (n=6
studies). Cluster D (negative alterations in cognitions
and mood) was mostly measured via the assessment
of emotional states before and after presentation of
the traumatic stimuli (e.g. state anxiety, n=6) or via
tests that assessed the ability to remember the trau-
matic stimuli (e.g. cued memory recall, n=3, this,
just as some other parameters, was inverted for the
meta-analyses, as more recalled items represent a
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Identification of studies via databases and registers

) |

Identification of studies via other methods

‘.I

Reports not retrieved (n=0)

Reports assessed for eligibility

—»l

Reports excluded (n=0)

Figure 1. Literature search and flow of study selection.

better memory performance and thus lower
expression of the symptom ‘inability to remember an
important aspect of the traumatic event’). Cluster E
(marked alterations in arousal and reactivity) was
also measured comparatively seldom, by assessments
of state anger (n=2), state arousal or sleep (n=1,
respectively). Time points of outcome assessments
ranged from immediately after the traumatic stimulus
presentation — mostly for the assessment of emotional
states — up to 4 weeks after the experimental session -
for the assessment of overall PTSD symptoms related
to the stimuli.

3.2. Meta-analyses

Altogether, thanks to the efforts of the primary studies’
corresponding authors, data from 12 out of 14 inde-
pendent studies could be used for meta-analyses.

3.2.1. Quantifying the cortisol response to
experimentally-induced traumatic stress
Concerning research question 1, the difference
between pre-presentation cortisol and cortisol
measured within the first time window (0-
20 min post-presentation onset) was not significant
(k=17 observations, dspc=0.03, SEM=0.06, p
=.60). Significantly higher cortisol values were
observed within the second time window (21-
40 min post-presentation onset), indicating a sig-
nificant cortisol response to the traumatic stimuli
(k=25, dspc=0.15, SEM =0.06 p=.01). Regarding
the third and fourth time windows (41-60 and

—
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Language (n=1)
¢ Medical condition (e.g. head trauma
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Titles and abstracts screened > Review (n=153)
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Intervention study (n=96)
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No PTSD symptom assessment (n=45)
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g Trauma-exposed individuals (n=7)
g
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(n=23) Review (n=3) +
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PTSD patients (n=1)
Trauma-exposed individuals (n=2)
—
v
—
b Reports of included studies
5 (n=15)
% Independent studies included in
ic review
(n=14)
| S

>60 min post-presentation onset), the differences
were non-significant, again (k=20, dsyc=0.12,
SEM=0.06 p=.05 and k=19, dsyc=0.02, SEM
=0.10 p=.81).

The significant effect size that indicated differ-
ences between cortisol measured before and within
21-40 min after onset of the presentation was mod-
erately heterogeneous (Q =59.57, p<.01, I>=64.63).
We thus applied moderator analyses to explore het-
erogeneity. Specifically, we tested the impact of par-
ticipants’ sex, CoAL ratings and impact of the
experimental condition on the cortisol response.
None of the moderators significantly reduced het-
erogeneity (sex: Q=57.60, p<.0l; I’= 69.89;
CoAL: Q=47.83, p<.01, I’=49.98; experimental
condition: Q=56.88, p<.01, I’= 69.54). Only the
CoAL score was identified as a significant moderator
(dspc=0.01, SEM =0.00 p =.01), indicating a higher
effect size, i.e. greater differences between pre- and
post-presentation onset cortisol, in studies with
higher cortisol assessment quality.

In addition to testing the impact of the exper-
imental condition as a moderator (which had limited
value, as in k=21 observations, no impact was
assumed whereas an increasing or decreasing impact
was only assumed in k=4 and k=1 observations,
respectively), we repeated our analyses only within
those observations which were not influenced by
any experimental manipulation. This subgroup
analysis showed the same pattern of results: No sig-
nificant effects for the first, third and fourth time
windows (k =13, dgyc=—0.04, SEM =0.06, p=.51;



Table 2. Participants and experimental setup.

Duration of Begin of
presentation (in experimental
Study Participants n % Women Age M (SD) Experimental stimuli min) session
Cheung et al. Undergraduate psychology 21 (socially-evaluated 52.38 (socially-evaluated CPT + reactivation)®  19.43 (1.75) (socially- Trauma film (real life car 10.00 1:00 pm - 6:00 pm
(2015) students CPT + reactivation)® evaluated CPT + accidents with serious injury
reactivation)® and death)
21 (warm water control 52.38 (warm water control + reactivation)® 20.33 (2.89) (warm water
+ reactivation)b control + reactivation)b
21 (socially-evaluated 57.14 (socially-evaluated CPT only)® 19.90 (2.14) (socially-
CPT onIy)b evaluated CPT onIy)b
Chou et al. (2014)  Healthy students and 58 44.83 24.16 (4.22) Trauma film (real life car 13.67 1:30 pm - 6:00 pm
individuals from the accidents with serious injury
general public and death)
Hilberdink et al. Healthy, university 29 (socially-evaluated 0.00 22.52 (4.83) (socially- Trauma film (Irréversible, sexual 15.00 Afternoon
(2022) educated participants CPT)® evaluated CPT)® and physical violence)
34 (warm water control 22.90 (3.89) (warm water
condition)® control condition)®
Holz et al. (2017) Healthy students 60 50.00 23.17 (2.76) Trauma film (Irréversible) 11.00 1:00 pm - 6:00 pm
Kamboj et al. (2020)  Healthy individuals from a 88 100.00 23.76 (3.65) (placebo)® Trauma film (Irréversible) 15.00 2:00 pm - 5:00 pm
university locale 23.20 (3.46) (propranoIoI)b
23.65 (3.12)
(hydrocortisone)
Lass-Hennemann Healthy university students 20 (dog interaction)® 100.00 22.95 (2.87) (dog Trauma film (Irréversible) 11.00 2:00 pm - 6:00 pm
et al. (2018) interaction)®
20 (dog film)° 22.25 (3.32) (dog film)®
20 (relaxation)® 22.65 (2.39) (relaxation)®
Liberzon et al. Healthy non-veteran 14 0.00 45.4 (6.1) Combat sounds 3.00 9:00 am
(1999) controls
Marks (2018) Students 173 56.60 19.27 (1.66) Trauma film (The Last King of 10.00 N/Av
Scotland, mutilation and
death)
Nicholson et al. Non-trauma exposed 20 60.00 21.80 (5.72) 20 negative emotional pictures 2.00 12:00 pm - 6:00
(2014) controls from the International pm
Affective Picture System?
Rombold et al. Healthy university students 38 (clonidine)® 100.00 23.30 (3.60) (clonidine)® Trauma film (Irréversible) 14.67 N/Av
(2016a)
38 (placebo)® 23.10 (3.20) (placebo)®
38 (yohimbine)® 23.40 (4.50) (yohimbine)®
Rombold et al. Healthy university students 30 (hydrocortisone)® 100.00 23.00 (3.32) Trauma film (Irréversible) 14.67 1:30 pm
(2016b) (hydrocortisone)b
30 (placebo)® 22.70 (3.41) (placebo)®
Scheele et al. (2019)  Healthy individuals from 16 (oxytocin, strong 100.00 23.31 (4.20) Trauma film (Irréversible) 15.00 N/Av

the general public

trauma disclosure)®

16 (oxytocin, weak
trauma disclosure) °

15 (placebo, strong
trauma disclosure)

15 (placebo, weak
trauma disclosure)®

b

IV 13739N3's () 8



2:00 pm

Trauma film (Irreversible) 14.67

22.88 (2.78) (TSST)®

100.00

60 (TSST)®

Healthy university students

Schultebraucks

et al. (2019)

23.89 (3.42) (placebo TSST)°

24.50 (4.20)

62 (placebo TSST)®

1:00 pm - 8:00 pm

15.00

Trauma film (Irreversible)

55.30

Healthy individuals from a 47

Trautmann et al.

university environment

(2018)
“Lang et al. (2008) beortisol concentrations and outcome values were potentially influenced by allocation of participants to different experimental conditions. Therefore, the values are reported separately for each condition N/Av

=not

not applicable; CPT = cold pressor test; TSST = Trier social stress test.

available; N/Ap

EUROPEAN JOURNAL OF PSYCHOTRAUMATOLOGY e 9

k=14, dgyc=0.11, SEM=0.08, p=.16 and k=11,
dspc=0.07, SEM =0.12, p =.56, respectively), but a
significant difference in cortisol from pre- to 21-
40 min post-presentation onset (k=19, dsyc=0.13,
SEM = 0.06, p =.03) — an effect size with low hetero-
geneity (Q=40.61, p<.01, I*=53.27).

Finally, we calculated an exploratory quadratic
model to predict differences between pre-presentation
cortisol and current cortisol levels by using minutes
after presentation onset as a predictor. The quadratic
term of this model was significant (k =81, z=—4.46,
p <.01). We estimated the peak of the quadratic distri-
bution, which showed that cortisol levels differed the
most from baseline levels 37 min after presentation
onset.

3.2.2. Correlation between cortisol and
subsequent PTSD symptoms

3.2.2.1. Correlation between pre-presentation cortisol
and subsequent PTSD symptoms. Concerning
research question 2, results showed that pre-presen-
tation cortisol concentrations were not significantly
correlated with cluster B (k=60, r=-.04 [-.10;
.02], p=.21), cluster D (k=73, r=-.08 [-.19; .02],
p=.12), cluster E (k=10, r=-.10 [-.17; .04], p
=.17) or overall PTSD symptoms (k=9, r=-.02
[-.11; .07], p=.64). The correlation with cluster C
symptoms could not be tested, lacking sufficient
data. On a single symptom level, higher pre-presen-
tation cortisol was significantly correlated with lower
state tension (k=8, r=-.18 [-.36; —.01], p=.04),
with a homogeneous effect estimate (Q=8.37, p
=.30). Another homogeneous, significant association
was found for state happiness (k=38, r=—-.36 [—.68;
—.03], p=.03; Q=11.08, p =.14): higher pre-presen-
tation cortisol was correlated with higher happiness
after the experiment (the variable happiness was
inverted, as higher happiness represents a lower
expression of the symptom ‘inability to experience
positive emotions’). A significant association was
found for state anger (k=9, r=-.14 [-.26; —.01],
p =.03), indicating that higher pre-presentation cor-
tisol was correlated with lower anger after stimulus
presentation. This effect was homogeneous (Q=
3.21, p=.92). For these three effects, publication
bias could not be tested, as the number of indepen-
dent studies (n) was below our predefined criteria of
n>6. We detected no further significant correlations
between pre-presentation cortisol and single PTSD
symptoms.

3.2.2.2. Correlation between post-presentation cortisol
and subsequent PTSD symptoms. With regard to
research question 3, post-presentation cortisol con-
centrations were also not significantly correlated
with cluster B (k=241, r=.01 [-.05; .06], p=.81),
cluster D (k = 147, r = —.03 [-.10; .05], p = .50), cluster
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Figure 2. Overview of the timing of the traumatic stimulus presentation and cortisol assessments.
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Figure 3. PTSD symptoms, as assessed as outcomes in the primary studies. The size of the words indicates the frequency of their
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E (k=18,r=—-.03 [-.12;.07], p=.57) or overall PTSD
symptoms (k=52, r=.05 [-.01; .11], p=.10). Again,
lacking sufficient data, the correlation with cluster C
symptoms could not be tested. On a single symptom
level, higher post-presentation cortisol was signifi-
cantly correlated with higher state happiness (k = 16,
r=—20 [-.34; —.06], p=.01). The effect estimate
was homogeneous (Q =5.07, p =.99). Further, higher
post-presentation cortisol was significantly correlated
with lower state sadness (k=17, r=-.16 [-.26;
—.05], p<.01), with a homogeneous effect estimate
(Q=4.51, p>.99). Again, with n <6, publication bias
was not tested for these effects, and no further signifi-
cant correlations between post-presentation cortisol
and single PTSD symptoms were detected.

3.2.2.3. Correlation between the cortisol response and
subsequent PTSD symptoms. Concerning research
question 4, the cortisol response to the traumatic
stimuli was also neither significantly correlated with
overall PTSD symptoms (k =15, r=.05 [—-.02; .12], p
=.17), nor with PTSD symptom clusters (cluster B:
k=73, r=.04 [-.03; .11], p = .25; cluster C: not tested
due to lack of data; cluster D: k =53, r=.07 [—.01; .14],
p=.07; cluster E: k=11, r=.03 [-.01; .16], p=.59).
On a symptom level, a significant association was
only found for state anxiety (k=9, r=.16 [.04; .28],
p=.01), indicating that a higher cortisol response
was correlated with higher anxiety after stimulus pres-
entation. This effect was homogeneous (Q=4.61, p
=.80). With n < 6, publication bias was not tested.



4. Discussion

This systematic review and meta-analysis summarized
14 independent studies which evaluated the effects of
traumatic stimuli, mostly trauma films such as Irré-
versible, on the cortisol response and subsequent
PTSD symptoms. Our results show that presentation
of traumatic stimuli to mostly female, young, healthy
and highly educated individuals successfully induced
a cortisol response. Cortisol concentrations peaked
within 21-40 min post-presentation onset, albeit the
effects varied considerably between studies. This het-
erogeneity was partly related to the quality of cortisol
assessments: A greater effect size was detected in
studies with higher quality of cortisol assessment, i.e.
better control of confounding variables. Concerning
the association between cortisol and subsequent
PTSD symptoms, no significant effects were found
on the overall symptom or symptom cluster levels.
Yet, more refined single-symptom analyses showed
that cortisol affected some psychological state vari-
ables after stimulus presentation: Higher cortisol con-
centrations pre- and post-presentation onset were
associated with lower state PTSD symptoms (pre:
lower state tension; higher state happiness; lower
state anger; post: higher state happiness; lower state
sadness). In turn, a higher cortisol response to the
traumatic stimuli was associated with higher state
anxiety.

4.1. Interpretation of results

The qualitative analyses showed that most included
studies investigated HPA axis reactivity to vivid trau-
matic stimuli, especially trauma films. They built upon
previous evidence showing that trauma film para-
digms have psychological effects, evoking transient
PTSD symptoms (Holmes & Bourne, 2008). Our
meta-analysis additionally showed that these para-
digms have biological effects, stimulating the HPA
axis and increasing cortisol concentrations between
21 and 40 min after traumatic stressor onset with
peaking concentrations around 37 min afterwards.
This answers the question about the comparability
between naturalistic (e.g. emergency departments)
and experimental settings: Realistically, the time win-
dow between 21 and 40 min after traumatic stress is
extremely difficult to capture in actual trauma survi-
vors. At the same time, cortisol concentrations
measured within hours afterwards, as they have been
evaluated in the meta-analysis by Morris et al.
(2016) are indicators of HPA axis recovery, rather
than reactivity. This confirms that the gap between
real-life and experimental trauma research is extre-
mely difficult to overcome.

Our results further showed that, in order to depict a
cortisol response, it is crucial to control for variables
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that influence cortisol measurements, such as time of
day, food, caffeine and medication intake, just to
name a few examples. For a full list of variables that
should be considered in HPA axis reactivity studies,
interested researchers might be referred to Laufer
et al. (2022). The necessity to apply strict inclusion cri-
teria is reflected in the included studies’ sample selec-
tions. Our qualitative analyses showed that
participants were mostly recruited at universities.
Thus, the investigated samples were presumably
younger, healthier and higher educated than both,
the average population and average trauma survivor
populations. Therefore, the samples should not be
considered as representative. The generalizability of
our findings to more diverse populations still needs
evaluation. This is especially challenging regarding
the participants’ health status. Responses to traumatic
stimuli might be different in participants with pre-
vious PTSD or other psychiatric disorders, many of
which have been shown to modulate HPA axis reactiv-
ity (e.g. PTSD (Morris et al., 2012; Schumacher et al.,
2019)) or depression (Brand et al., 2015; Strawbridge
et al,, 2017). It can, however, be ethically challenging
to expose individuals with preexisting disorders to
burdensome traumatic stimuli such as the trauma
film, as discussed by James et al. (2016). Furthermore,
including exclusively healthy participants increases
internal consistency through reducing unsystematic
influencing factors on the experiment, such as higher
arousal through preexisting PTSD.

Concerning the correlation between cortisol and
PTSD symptoms, a predictive value was only found
on a single symptom level. Here, emotion-related
symptoms were affected by cortisol, whereas cogni-
tion-related symptoms remained unaffected. This is
surprising, as there is strong evidence from basic
research towards a modulating effect of cortisol on
memory (de Quervain et al, 2017). Further, intru-
sions, the hallmark symptom of PTSD that most
clearly distinguishes this disorder from other adverse
consequences of trauma, such as depression or anxiety
disorders, were the most frequently investigated out-
come and therefore, the meta-analysis on the effect
of cortisol on intrusions had the largest power. Never-
theless, no significant correlation was detected. How-
ever, instead of concluding that emotion-related
symptoms are generally more strongly modulated by
the HPA axis, the mode of assessment should be con-
sidered as an alternative explanation: While cognition-
related symptoms and intrusions were most frequently
investigated within days after the experiment,
emotions were mostly assessed as state variables, min-
utes up to hours afterwards. Thus, our meta-analyses
provide evidence towards a modulating influence of
cortisol on temporary emotional states, but not on
PTSD symptoms, as measured more long-term.
There is a neurobiological rationale behind the
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different assessment timepoints of emotional versus
cognitive symptoms. The primary studies’ focus on
immediate emotional states could be explained by
the amygdaloid efferents to the paraventricular
nucleus (PVN) of the hypothalamus (Feldman et al.,
1995). More specifically, the visceral emotional
response to the traumatic stimuli most likely triggered
an immediate stimulation of the PVN resulting in the
described correspondence between the cortisol
response and emotion-related symptoms in the
short-term assessments. An effect on cognitive symp-
toms would require the involvement of higher-order
prefrontal mechanisms, which have been shown to
be affected in PTSD (Hayes et al, 2012) and are
most likely to manifest in the days to weeks following
the acute post-trauma period.

Cortisol’s influence on the emotional symptoms
might be explained by the anticipation of a stressful
event, which affects HPA axis reactivity (Gaab et al,,
2005; Pulopulos et al., 2020). Possibly, the observed
predictive value of participants’ cortisol concen-
trations and responses on emotional PTSD symptoms
is a function of their respective anticipatory capacity.
If participants anticipated not to have sufficient
resources to adequately process the traumatic stress,
this could result in homeostatic overload (Romero
et al., 2009), which would be in line with the observed
decreased pre-presentation onset cortisol concen-
trations followed by the subsequent hyper-response
in those individuals later showing higher emotional
PTSD-related symptoms (Boucher & Plusquellec,
2019).

It should be noted that the emotional symptoms
identified in the current analysis (i.e. lack of happiness,
tension and anxiety), are not unique to PTSD, but
comprise the basic symptomatology of other psycho-
logical disorders like depression and anxiety disorders.
This again points to a rather general mechanism of
processing external and internal stressors to maintain
homeostasis. Additionally, although we decided to
consider such state measurements as outcome, per
definition, PTSD is not characterized by negative
emotions in general, but by persistent negative altera-
tions in mood. These changes are supposed to occur
over a period of at least one month. However, such
long-term effects were not empirically supported by
our study.

At first glance, the direction of the effects that were
detected on a single symptom level seems to be in line
with the ‘biological building block model’ (Steudte-
Schmiedgen et al., 2016): Pre-presentation cortisol
was associated with lower PTSD symptoms, but higher
reactivity was associated with higher PTSD symptoms.
Also seemingly supporting the model, post-presen-
tation cortisol was associated with lower PTSD symp-
toms. However, according to the model, lower cortisol
concentrations post-trauma represent a consequence

of maladaptive adjustment, possible after the over-
whelming experience of cumulative trauma, and
thereby increase subsequent PTSD risk. However, we
only considered cortisol concentrations that were
measured within minutes up to hours after the exper-
iment. We did not investigate long-term adaptation of
the HPA axis. As noted before, due to the short dur-
ation of the traumatic stimulus presentation and the
delay of the cortisol peak after stressor onset (Gaab
et al., 2002), most of the post-presentation cortisol
concentrations that we considered still indicate HPA
axis reactivity. Interpreting them this way, our
findings do not completely match with the suggested
‘biological building block model’. However, as dis-
cussed before, this model is based on cumulative cor-
tisol measures. It provides a well-founded theoretical
assumption on HPA axis reactivity and recovery,
but, lacking access to the immediate post-trauma
period, these assumptions can hardly be empirically
tested in acutely traumatized individuals. Again, the
gap between experimental and naturalistic settings
cannot fully be overcome, which limits the possibilities
to directly compare our findings to such from real-life
settings.

4.2. Limitations and future directions

Concerning our finding that intrusions were the most
frequently investigated outcome, it needs to be criti-
cally discussed that cluster B symptoms were the
only ones specifically addressed by our search strategy.
When defining search terms, researchers need to bal-
ance two requirements: identifying as many relevant
reports as possible while obtaining as few irrelevant
reports as possible. In order to meet the first require-
ment, we decided to include the intrusion-related
terms (‘intrusi®’, ‘nightmare*’, ‘flashback* as these
are the hallmark symptoms of PTSD. In order to
meet the second requirement, we decided not to
include terms related to other symptoms, such as
‘mood’, ‘anxiety’ or ‘avoidance’, as they occur in a
broad range of mental disorders and are therefore
unspecific for PTSD. Due to our additional search
methods - particularly the snowball search and the
information exchange with experts - it is unlikely,
however, it cannot be ruled out that due to our search
terms, no studies were found that examined avoidance
as an outcome. Further, we did not consider any psy-
chophysiological measurements as outcomes. Instead,
we exclusively focused on self-report symptom
measures. However, this might explain why relatively
few cluster symptoms E symptoms (only self-reported
arousal, sleep and anger) were considered, limiting the
power of the related meta-analysis.

Another limitation of our study needs to be
addressed, namely, the definition of experimental
stimuli as traumatic, which we left to the primary



study authors. Most included studies used trauma
films, but one used combat sounds (Liberzon et al.,
1999) and another one used pictures (Nicholson
etal., 2014), explicitly stating that they have the poten-
tial to induce intrusive memories, thereby explicitly
defining them as potentially traumatic. However, it
is possible that other studies exist, which also showed
pictures related to death, injury or sexual violence and
evaluated their impact to PTSD-unspecific symptoms,
such as positive or negative affect, but did not expli-
citly define them as traumatic and therefore did not
meet our inclusion criteria. In order not to change
our pre-defined inclusion criteria, we decided to not
restrict our study to trauma film paradigms.

Future research might extend the pool of exper-
imental trauma paradigms by such that require even
more involvement by the participants, such as simu-
lation of military events or accidents in military or sur-
gical stress trainings (Goldberg et al., 2018). It is also
possible that expressive writing about traumatic events
(Tamagawa et al., 2013) might increase participants’
involvement and thereby produce strong biological
responses. Lastly, aside from HPA axis reactivity,
other acute neurobiological markers most likely
respond to traumatic stimuli and might play an
additional role in the development of PTSD symptoms
(Pitman et al., 2012). Such neurobiological markers,
for example, heart rate (variability) or skin conduc-
tance, hold high potential for knowledge through
further experimental studies. To gain access to the
stress response immediately post-trauma aftermath,
technology-based assessments via wearables might be
used. Such technologies do not allow for cortisol
measurements, but indicators of the autonomic ner-
vous system, such as heart rate (variability) or electro-
dermal activity, can be assessed and thereby
complement our understanding of the role of the bio-
logical stress response systems in trauma processing.

4.3 Conclusion

Experimental paradigms have been proven successful
to induce traumatic stress and related symptoms, par-
ticularly intrusions (Holmes & Bourne, 2008; James
et al., 2016). This study showed that they also success-
fully induce a cortisol response. However, just as pre-
vious research on pre - and post-traumatic HPA axis
regulation in real-life settings could not detect a clear
prospective effect of cortisol on subsequent PTSD
symptoms (Engel et al., 2022; Morris et al., 2016),
our meta-analysis did not detect such an effect on
experimentally induced symptoms. Comparing our
findings on cortisol’s impact on temporary emotional
states with previous research in real-life settings shows
that it remains a challenge to bridge the gap between
experimental and naturalistic research. Particularly,
knowledge about the immediate post-trauma period
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is still in the dark. To date, it can only be approached
by experimental approaches, but in the future, techno-
logical advances might enable us to track the body’s
stress system responses to actual trauma in real time.
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