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Abstract

The exposure to trauma is highly prevalent. Importantly, traumatic events vary in terms of type
and severity (e.g., man-made versus accidental trauma), duration and frequency of exposure.
Following trauma exposure, it is evident that trauma survivors exhibit a wide range of
posttraumatic responses, from minimal or transient symptoms to persistent and severe
psychopathology, including posttraumatic stress disorder (PTSD). Contemporary models
assume that these trajectories reflect a complex interplay of risk and protective factors shaping
posttraumatic processing, particularly the encoding, consolidation and retrieval of trauma
memories. Memory processes constitute a core mechanism in prominent aetiological accounts
of PTSD and have directly informed the development of trauma-focused psychotherapies
(TFP), as well as secondary preventive approaches targeting early post-trauma memory
processing. Similarly, standardised PTSD assessment tools primarily operationalise core
symptom dimensions that are hypothesised to result from maladaptive trauma memory
processing. Both diagnostic assessment tools and TFP are supported by robust empirical
evidence and are therefore widely recommended in various global contexts. However, much of
the evidence base reflects average effects and may not capture clinically relevant variability in
cross-context feasibility, diagnostic equivalence and treatment response adequately. This
suggests that one-size-fits-all approaches focused on symptoms and disorders are unlikely to be
adequate or valid for all individuals, contexts, and posttraumatic stages. These limitations
become more urgent in the context of global crises (e.g., global pandemics, economic insecurity
and geopolitical instability), which increase displacement and migration, and which may further
elevate trauma exposure and PTSD risk, while also increasing contextual heterogeneity within
service settings. Accordingly, two priorities emerge: (i) strengthening the cross-context
equivalence of PTSD assessment (e.g., across language and culture), and (ii) improving
prevention and treatment for individuals who differ in terms of their linguistic, cultural, and
structural contexts. The present dissertation addresses these gaps by integrating findings from
four studies on the prevention of PTSD, its diagnostic assessment, and its treatment within a

novel framework of context-sensitive trauma care mapped onto a posttraumatic continuum.

In Study 1, we conducted a systematic review of experimental studies investigating whether
sleep or wakefulness following analogue trauma reduces intrusive re-experiencing. Both
conventional and individual participant data (IPD) meta-analyses were used, taking into
account methodological and contextual moderators. The findings provided evidence for a small

effect favouring sleep over wakefulness (log-ROM = 0.25, p < .001), suggesting that sleep is
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associated with fewer intrusions, but not with the occurrence of intrusions versus no intrusions.
No evidence was found for an effect of sleep on intrusion distress (log-ROM = 0.09, p = .522).
The findings from Study I suggest that sleep following analogue trauma could be protective, as
it reduces the frequency of intrusions. Further research is required to determine its impact
following real-world trauma and establish its clinical significance. In order to apply these
findings to real post-traumatic contexts, it is crucial that individuals are able to sleep after
experiencing trauma. Therefore, contextual factors such as safety, stability, and opportunities
for rest must also be considered prerequisites for sleep-focused prevention strategies in future

clinical research.

Study 2 examined the cross-linguistic and cross-cultural comparability of the German and
Arabic versions of the PTSD checklist for DSM-5 (PCL-5) using measurement invariance
testing. In a heterogeneous sample (n = 283 German; n = 295 Arabic), Arabic-speaking
participants reported nearly twice as many (predominantly man-made) traumatic events and
showed higher PCL-5 scores than the German subsample, which reported fewer, mainly
accidental, events. Internal consistency was excellent (Cronbach’s a = .96), and confirmatory
factor analyses (CFA) showed good model fit, favouring the Anhedonia and Hybrid models.
Multi-group confirmatory factor analyses (MGCFA) supported configural, metric and threshold
invariance, underscoring the conceptual robustness across both language versions. However,
scalar invariance could not be established, indicating differential item functioning between the
Arabic and German versions of the PCL-5. Differences in item intercepts could lead to
divergent PCL-5 sum scores even when latent PTSD severity is equivalent. This limits the
comparability of PCL-5 sum scores between the Arabic and German versions and highlights

the need for context-sensitive diagnostics.

Studies 3 and 4 investigated moderate-intensity aerobic exercise training (MAET) as an adjunct
to narrative exposure therapy (NET) for traumatised refugees and asylum seekers in Germany.
Study 3 describes the randomised controlled trial (RCT) protocol, including the rational, design,
randomisation, intervention arms, and outcomes. Study 4 reports preliminary pre-post data (to—
t1) on general psychological distress, PTSD symptom severity, depressive symptoms, and sleep
quality. This data was analysed using multilevel and Bayesian models as well as exploratory
moderator analyses, to account for variability in treatment response. A significant improvement
in symptom severity was observed following NET across all outcomes, whereas MAET did not
enhance primary symptom reduction beyond NET. Preliminary findings indicated reduced

dropout rates in the NET+ group, thereby suggesting the potential benefits of MAET for therapy
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implementation. The moderator analyses indicate context-dependence of the adjunct effects,
which is particularly evident in less improvement in PTSD severity among subjects with a
temporary residence permit (<3 years) in the NET" group (f = —17.10, t = —2.77, p = .011).
Thus, Study 4 suggests that TFP, particularly NET, which targets memory-related mechanisms
in PTSD, remains the preferred treatment for refugees with PTSD. The incremental benefit of
MAET is uncertain and appears to be context-dependent. Accordingly, Studies 3 and 4 support
an integrative approach that retains TFP as the baseline treatment for PTSD, with adjuncts

considered only if context-sensitive.

In response to concerns that one-size-fits-all approaches inadequately capture the heterogeneity
of posttraumatic trajectories / PTSD and the individual needs of patients, this dissertation
emphasises that optimising post-trauma care requires an integrative, context-sensitive
approach. The findings from present studies on early secondary prevention, diagnostic
assessment and treatment converge on the view that improving clinical precision and
effectiveness requires a joint consideration of mechanism-relevant processes, especially
trauma-memory processing, and the linguistic, cultural and structural context conditions.
Notably, the included studies do not experimentally isolate mechanisms of action; rather, they
provide a coherent empirical basis that will inform future research investigating how
posttraumatic mechanisms and contextual determinants interact to shape outcomes. Although
the studies examined prevention, assessment and treatment separately, their findings can be
integrated along the post-traumatic timeline and consolidated into a stage-based perspective on
the course of post-traumatic symptoms and adaptation processes. Accordingly, the dissertation
lays the groundwork for longitudinal research approaches by systematically mapping risk
profiles, symptom trajectories, and treatment responses over time. These will ultimately enable
more precise answers to be found to the question of which intervention works best for whom
and when. To facilitate translation into routine care, future research should combine
heterogeneity-sensitive designs (e.g., adaptive multi-arm trials) with clinically feasible,
repeated monitoring of dynamic risk and protective profiles. In clinical practice, staging
frameworks can provide a pragmatic analogue to such experimental monitoring, thereby
supporting adaptive and individualised treatment decisions. Overall, the dissertation highlights
practical and empirical considerations for context-sensitive post-trauma care and points to ways

of better connecting clinical research with clinical practice.



Zusammenfassung

Traumatische Ereignisse sind hochprivalent. Gleichwohl variieren traumatische Ereignisse
substanziell in Bezug auf deren Art und Schweregrad (z. B. ,,man-made” versus akzidentelle
Traumata), deren zeitliche Ausdehnung sowie der Haufigkeit und Wiederholung der Exposition.
Entsprechend variieren auch posttraumatische Verldufe. Die Symptome reichen von einer
minimalen, voriibergehenden traumabezogenen Belastung bis hin zu anhaltenden, schweren
psychischen Erkrankungen wie der Posttraumatischen Belastungsstorung (PTBS).
Gegenwirtige Modelle gehen davon aus, dass posttraumatische Verldufe durch ein komplexes
Zusammenspiel von Risiko- und Schutzfaktoren bedingt sind, die die posttraumatische
Verarbeitung, insbesondere die Kodierung, Konsolidierung und den Abruf traumatischer
Erinnerungen, beeinflussen. Diese Gedadchtnisprozesse stellen einen zentralen Mechanismus in
prominenten Atiologiemodellen von PTBS dar. Sie bilden die Grundlage fiir die Entwicklung
der traumafokussierten Psychotherapie (TFP) sowie flir sekundéire Praventionsansétze, die auf
die Verarbeitung von Erinnerungen unmittelbar nach einem Trauma abzielen. Ebenso
operationalisieren standardisierte Testverfahren zur diagnostischen Beurteilung von PTBS in
erster Linie zentrale Symptomdimensionen, von denen angenommen wird, dass sie
unteranderem aus der maladaptiven Gedéchtnisverarbeitung der traumatischen Erfahrung
resultieren. Sowohl diagnostische Testverfahren als auch TFP werden durch solide empirische
Belege gestiitzt und werden daher weltweit fiir die Anwendung in verschiedenen Kontexten
empfohlen. Jedoch basieren viele der vorliegenden Erkenntnisse auf durchschnittlichen
Effekten und spiegeln moglicherweise klinisch relevante Unterschiede in Bezug auf die
kontextiibergreifende Durchfiihrbarkeit, diagnostische Aquivalenz und das Ansprechen auf die
Behandlung nicht angemessen wider. Demnach sind symptom- oder storungsfokussierte ,,One-
Size-Fits-All“-Ansdtze moglicherweise nicht fiir alle Betroffenen, Kontexte und
posttraumatischen Phasen gleichermafen adéquat oder valide. Diese Einschrankungen werden
im Kontext globaler Krisen (z. B. globale Pandemien, wirtschaftliche Unsicherheit und
geopolitische Instabilitidt) umso dringlicher zu adressieren, da diese Krisen mit vermehrten
Fliichtlingsbewegungen und Migration einhergehen. Hierdurch werden das Risiko fiir Traumata
und PTBS zusdtzlich erhoht, wihrend gleichzeitig die Diversitit innerhalb selektiver
Versorgungsstrukturen steigt. Daraus ergeben sich zwei Handlungsschwerpunkte: (i) die
Stiarkung der kontextiibergreifenden Gleichwertigkeit bei der diagnostischen Beurteilung von
PTBS (z. B. iiber Sprach- und Kulturgrenzen hinweg) und (ii) die Verbesserung der Privention
und Behandlung von Betroffenen, wobei sprachliche, kulturelle und strukturelle Kontexte

berticksichtigt werden. Die vorliegende Dissertation begegnet diesen Optimierungsbedarfen,
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indem sie Ergebnisse aus vier Studien zur Pravention von PTBS, ihrer diagnostischen
Beurteilung und ihrer Behandlung in einen innovativen Rahmen Kkontextsensitiver

Traumaversorgung entlang eines posttraumatischen Kontinuums integriert.

Die Studie 1 ist eine systematische Ubersichtsarbeit, die experimentelle Studien integriert, in
denen gepriift wurde, ob Schlaf oder Wachheit nach einem analogen Trauma das intrusive
Wiedererleben reduziert. Es wurden sowohl eine klassische als auch eine Metaanalyse auf Basis
der individuellen Patientendaten (IPD) relevanter Primérstudien durchgefiihrt, wobei
methodische und kontextuelle Moderatoren der Studien beriicksichtigt wurden. Die Ergebnisse
lieferten Hinweise auf einen geringen Effekt zugunsten des Schlafes gegeniiber
posttraumatischer Wachheit (log-ROM = 0.25, p < .001). Demnach ist Schlaf mit weniger
Intrusionen verbunden. Es gibt jedoch keinen Hinweis darauf, dass Schlaf mit dem Auftreten
von Intrusionen im Vergleich zu keinem Auftreten von Intrusionen assoziiert ist. AuBBerdem
zeigte sich kein Zusammenhang zwischen dem posttraumatischen Schlaf und der
intrusionsbedingten Belastung (log-ROM = 0.09, p = .522). Insgesamt deuten die Ergebnisse
von Studie 1 darauf hin, dass posttraumatischer Schlaf eine schiitzende Wirkung haben konnte,
da er die Héaufigkeit von Intrusionen nach analogem Trauma verringert. Weiterfilhrende
Forschungsarbeiten sind erforderlich, um die Bedeutung dieser Erkenntnisse fiir die klinische
Praxis zu ermitteln und ihre Auswirkungen nach einem realen Trauma zu bestimmen. Um diese
Erkenntnisse auf reale posttraumatische Kontexte anzuwenden, ist es entscheidend, dass die
Betroffenen nach einem Trauma in der Lage sind zu schlafen. Daher miissen kontextuelle
Faktoren wie Sicherheit, Stabilitdt und Ruhemdglichkeiten ebenfalls als Grundvoraussetzungen
fiir schlafbezogene Priventionsstrategien in zukiinftiger klinischer Forschung beriicksichtigt

werden.

Studie 2 untersuchte die sprach- und kulturiibergreifende Kompatibilitidt der deutschen und
arabischen Version der ,,PTSD-Checklist for DSM-5“ (PCL-5) unter Verwendung von
Messinvarianz-Analysen. Aus der untersuchten Stichprobe (n = 283 Deutsch; n =295 Arabisch)
berichteten die arabischsprachigen Teilnehmenden fast doppelt so viele, vorwiegend ,,man-
made* traumatische Ereignisse erlebt zu haben im Vergleich zu den deutschsprachigen, die von
weniger und eher akzidentellen Traumata berichteten. Die arabischsprachigen Teilnehmenden
wiesen auBlerdem hohere Summenwerte im PCL-5 auf. Die interne Konsistenz war
ausgezeichnet (Cronbachs o = 0.96), und die Konfirmatorische Faktorenanalysen (CFA)
belegten eine gute Modellanpassung aller getesteter Modelle, wobei das Anhedonie- und das

Hybridmodell die Daten am besten abbildeten. Die Multi-Gruppen-Konfirmatorische
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Faktorenanalysen (MGCFA) bestdtigten die konfigurale, metrische und
Schwellenwertmessinvarianz und unterstreichen damit die konzeptionelle Robustheit beider
Versionen der PCL-5. Die Skalare Messinvarianz konnte jedoch nicht bestétigt werden, was auf
unterschiedliche Item-Funktionen zwischen der arabischen und der deutschen Version des
PCL-5 hindeutet. Unterschiede in den ,Item-Intercepts konnten zu divergierenden
PCL-5-Summenwerten fiihren, selbst wenn der latente Schweregrad der PTBS vergleichbar ist.
Dadurch wird die Vergleichbarkeit der PCL-5-Summenwerte zwischen der arabischen und der
deutschen Version eingeschrinkt und die Bedeutsamkeit sprach-, kultur- und damit insgesamt

kontextsensitiver Diagnostik hervorgehoben.

Die Studien 3 und 4 untersuchten die Durchfiihrbarkeit und Wirksamkeit eines moderaten
Ausdauertrainings (MAET) als adjuvante Intervention zur Narrativen Expositionstherapie
(NET) bei traumatisierten Gefliichteten und Asylsuchenden in Deutschland. Studie 3 umfasst
das Studienprotokoll der randomisierten kontrollierten Studie (RCT) und berichtet das
zugrundeliegende Rational, das Studiendesign, das Randomisierungsverfahren, die
Interventionsarme sowie die vorgesehenen priméren und sekundidren Endpunkte. In Studie 4
werden vorldufige Daten in einem Prd-Post Vergleich (to—ti1) der allgemeinen psychischen
Belastung, der Schwere der PTBS-Symptome, der depressiven Symptome und der
Schlafqualitdt mithilfe von Mehrebenen- und Bayes-Analysen sowie explorativen
Moderatoranalysen unter Beriicksichtigung der Variabilitit in der Behandlungsreaktion
ausgewertet. Nach Abschluss der NET zeigte sich iiber alle Endpunkte hinweg eine signifikante
Reduktion der Symptomschwere. Ein zusétzlicher Effekt von MAET auf die primére
Symptomreduktion durch NET hinaus lieB sich hingegen nicht nachweisen. Die explorativen
Analysen ergaben eine geringere Abbruchquote in der NET* Gruppe, woraus sich potenzielle
Vorteile von MAET fiir die Implementierung der Therapie ableiten lassen. Die
Moderatoranalysen weisen dariiber hinaus auf eine Kontextabhingigkeit des adjuvanten Effekts
hin, was sich insbesondere in einer geringeren Verbesserung der PTBS-Symptomschwere bei
Teilnehmenden mit einer befristeten Aufenthaltsgenehmigung von < 3 Jahren in der NET"*
Gruppe zeigt (f = —17.10, t = =2.77, p = .011). Damit deutet Studie 4 darauf hin, dass
traumafokussierte, Mechanismen orientierte Psychotherapie, insbesondere die NET, fiir
Gefliichtete mit PTBS weiterhin als bevorzugter Behandlungsansatz anzusehen ist. Ein
inkrementeller Zusatznutzen von MAET bleibt hingegen unklar und scheint von kontextuellen

Bedingungen abzuhingen. Folglich stiitzen die Studien 3 und 4 einen integrativen Ansatz, der
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traumafokussierte Psychotherapie als Basisbehandlung der PTBS beibehdlt und adjuvante

Interventionen nur dann vorsieht, wenn diese kontextsensitiv konzipiert sind.

In Anbetracht der vorgebrachten Kritik, dass ,,One-Size-Fits-All“-Ansédtze die Heterogenitit
posttraumatischer Verldufe bzw. der PTBS und die individuellen Bediirfnisse der Betroffenen
nur unzureichend abbilden, gelangt diese Dissertation zu dem Schluss, dass eine Optimierung
der posttraumatischen Versorgung einen integrativen, kontextsensitiven Ansatz erfordert. Die
Befunde der vorliegenden Studien zur frithen Sekundérpravention, Diagnostik und Behandlung
konvergieren in der Auffassung, dass eine Optimierung der klinischen Prdzision und
Effektivitdt einer simultanen Beriicksichtigung von Mechanismus relevanten Prozessen,
insbesondere der Verarbeitung traumabezogener Erinnerungen, sowie sprachlicher, kultureller
und struktureller Kontextbedingungen bedarf. Es ist zu betonen, dass die eingeschlossenen
Studien keine Wirkmechanismen untersuchen. Vielmehr liefern sie eine kohédrente empirische
Grundlage, die kiinftige Forschung dazu anregen kann, zu untersuchen, wie posttraumatische
Prozesse und kontextuelle Determinanten interagieren und posttraumatische Verldufe
beeinflussen. Trotz der selektiven Ausrichtung der Studien auf Prdvention, Diagnostik und
Behandlung lassen sich ihre Befunde entlang der posttraumatischen Zeitachse integrieren und
zu einer stadienbezogenen Perspektive auf den Verlauf posttraumatischer Symptome und
Anpassungsprozesse verdichten. Damit legt die Dissertation eine Grundlage fiir longitudinale
Forschungsansitze, indem sie Risikoprofile, Symptomverldufe und Behandlungsreaktionen
iiber die Zeit hinweg systematisch abbildet. Dies ermoglicht eine prizisere Beantwortung der
Frage, welche Intervention fiir wen und zu welchem Zeitpunkt am effektivsten ist. Zukiinftige
Forschung sollte sich daher darauf konzentrieren, die Translation in die Routineversorgung zu
erleichtern, indem sie heterogenitétssensitive Studiendesigns (z.B. adaptive Multi-Arm-
Studien) mit klinisch implementierbarem, kontinuierlichem Monitoring dynamischer Risiko-
und Schutzprofile kombiniert. In der klinischen Praxis bieten sich ,,Staging-Frameworks* als
pragmatisches Analogon zu einem solchen experimentellen Symptommonitoring an, mit dem
adaptive sowie individualisierte Therapieentscheidungen unterstiitzt werden kdnnen. Insgesamt
hebt die Dissertation praxisrelevante und empirisch fundierte Aspekte einer kontextsensitiven
posttraumatischen Versorgung hervor und diskutiert Moglichkeiten, die klinische Forschung

starker mit der klinischen Praxis zu verzahnen.
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“The good physician [therapist] treats the disease;

the great physician [therapist] treats the patient who has the disease.”

— Sir William Osler 1849-1919
(as cited in Luz, 2019)



1. Introduction

In contrast to most psychiatric diagnoses, posttraumatic stress disorder (PTSD) is
explicitly anchored to exposure to a qualifying traumatic event (Criterion A; American
Psychiatric Association [APA], 2022), thereby linking the symptom syndrome to an identifiable
external precipitant. Leading cognitive and information-processing models propose that PTSD
symptoms persist when the traumatic experience is insufficiently integrated into
autobiographical memory and instead remains represented in vivid, sensory, easily cue-
triggered form (e.g., Brewin et al., 2010; Ehlers & Clark, 2000; Foa & Kozak, 1986).
Prospective and experimental findings support the relevance of trauma-memory processing and
characteristics for subsequent PTSD symptoms (e.g., Halligan et al., 2003), which has
contributed to the conceptualisation of PTSD as a memory-related disorder (van Marle, 2015).
At the same time, trauma-memory processing is strongly shaped by contextual factors,
including characteristics of the traumatic exposure itself. Traumatic events vary substantially in
type, duration, and repetition, reflecting trauma complexity (Cloitre et al., 2009).
Correspondingly, trauma type is closely linked to subsequent symptom profiles and PTSD risk
(Kessler et al., 2017). Beyond event characteristics, additional contextual risk and protective
factors are thought to interact with peri- and posttraumatic memory processes, thereby
influencing posttraumatic trajectories and, in particular, PTSD risk and symptom complexity
(e.g., Cloitre et al., 2009; Vallieres, Hyland, & Murphy, 2021). However, this complex interplay
is not yet fully understood (Tortella-Feliu et al. 2019; Valli¢res, Hyland & Murphy, 2021). Over
the past decades, substantial evidence has emerged regarding the assessment and
psychotherapeutic treatment of PTSD, leading to substantial advances in trauma-related mental
health care (see Burback et al., 2024 for a “state-of-the-art review”). Standardised diagnostic
instruments, that reliably capture the core symptom dimensions of PTSD showed good
psychometric properties (e.g., Blevins et al., 2015; Weathers et al., 2018). Moreover, trauma-
focused psychotherapy (TFP) that directly targets memory-related mechanisms of trauma
processing has been shown to achieve clinically meaningful reductions in symptoms on average
in controlled trials (Lewis et al., 2020). Thus, it is recommended as a first-line treatment for
PTSD (APA, 2024). However, considerable inter-individual variability has been observed in
both measurement accuracy (e.g., McDonald & Calhoun, 2010) and treatment response (Herzog
& Kaiser, 2022). This heterogeneity calls into question the appropriateness of one-size-fits-all
approaches to PTSD assessment, prevention, and treatment (e.g., Cloitre et al., 2015).

Consequently, the key question is no longer whether assessments and interventions work on



average, but rather for whom and under which contextual conditions. Current debates on
context-sensitive, precision-focused, and personalised mental health care (Moggia et al., 2024)
reflect this conceptual shift. This has led to the creation of integrative frameworks that recognise
and explicitly incorporate heterogeneity into the design and evaluation of posttraumatic care
(Bryan et al., 2021; Herzog & Kaiser, 2022). In particular, a systematic investigation of risk and
protective factors, as well as a needs assessment, is required to inform the context- sensitive
adaptation of diagnostic assessment and prevention and treatment approaches, and their
subsequent implementation and integration into routine clinical practice. This dissertation
builds on these implications, contributing to a research agenda aimed at improving the accuracy
of PTSD assessment, as well as the efficacy and real-world effectiveness of prevention and
treatment. The subsequent chapter offers a comprehensive overview of the theoretical and
empirical background to this research. The first section introduces the concepts of trauma and
PTSD, illustrating their relevance using key prevalence findings. The subsequent section
outlines aetiological frameworks, paying particular attention to contextual risk and protective
factors and trauma-related memory processes in the development and trajectory of PTSD.
Current approaches to diagnostics, treatment and (secondary) prevention are then reviewed and
evaluated in terms of diagnostic accuracy, efficacy in prevention and treatment, and clinical
effectiveness across different populations and settings. The chapter concludes by identifying

key research gaps and setting out the aims of the present dissertation.

1.1. General Theoretical Background on Trauma and Posttraumatic Stress Disorder

1.1.1. Traumatic Events

The term ‘trauma’ is derived from the Greek word “tpadpa”’, meaning wound (Liddell &
Scott, 1968). Thus, in a medical context, trauma refers specifically to intensive physical harm
to the organism caused by an injurious event. Within everyday discourse, the term trauma is
broadly used to describe a wide range of exposure to distressing events, including experiences
such as separations and bullying (Ehring & Kunze, 2021), which often elicit a general stress
response. However, in the field of psychology and psychotherapy, the definition of trauma is
more narrowly specified. According to the Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-5; APA, 2022), trauma is defined as exposure to actual or

threatened death, serious injury, or sexual violence, which may occur through direct experience,



witnessing such events, or being informed that they have occurred to close others. In accordance
with this, traumatic events can range widely in terms of their type. The classification of
traumatic events developed by Terr (1991; 2003) and Herman (1992) is a comprehensive
framework that considers this variance in traumatic events by using quantitative (frequency and
duration: type I vs. type II) and qualitative criteria (cause: interpersonal/ “man-made” vs.
accidental). On the quantitative scale, type I trauma is defined as a single, brief traumatic event,
while type II trauma is characterised by multiple or prolonged traumatic event(s) (Herman,
1992). On the qualitative scale, trauma can be categorised as accidental or interpersonal.
According to the literature, accidental trauma is attributed to unintentional or natural causes,
including severe traffic accidents, occupational hazards in high-risk professions (e.g.,
firefighting, police, emergency medical services) and natural disasters such as fires,
earthquakes, and floods. In contrast, interpersonal trauma is characterised by deliberate human
actions intended to cause harm to others, including physical or sexual violence, abuse, war
crimes, torture, and other forms of intentional victimisation (Terr, 2003; see also Maerker &

Michael, 2013).

1.1.2. Posttraumatic Stress Disorder

PTSD is classified in the DSM-5 as a trauma- and stressor-related disorder characterised
by persistent disturbances in cognitive, emotional, and behavioural functioning that last for
more than one month following exposure to a traumatic event (APA, 2022). Thus, experiencing
a traumatic event is the essential prerequisite for developing PTSD and is the primary criterion
that distinguishes it from other stress-related and anxiety disorders (APA, 2022). At the
symptom level, PTSD is most prominently characterised by re-experiencing the traumatic
event, which can manifest in various forms. Intrusive re-experience of the traumatic event
usually manifests as brief, involuntary memories of the traumatic event (Brewin, 2014; Michael
et al., 2005) and is typically accompanied by intense physiological and emotional stress
reactions (Iyadurai et al., 2019). Posttraumatic intrusions may occur multimodally, with visual
forms being the most prevalent (Hackmann et al., 2004). Furthermore, nightmares represent a
form of re-experiencing that occurs at a more subliminal level (Germain, 2013; Nappi et al.,
2016). The re-experiencing of trauma with a pronounced “here-and-now” quality, in which
individuals perceive or behave as if the event were happening again, is referred to as
dissociative re-experiencing or “flashbacks”. Such episodes can range from a partial disruption

of thoughts and perceptions to, in severe cases, a near-complete loss of awareness (APA, 2022).



In essence, trauma-related stimuli (whether internal or external) function as triggers for the
manifestation of re-experiencing. Moreover, due to a compromised ability to temporally and
spatially contextualize traumatic memories, re-experiencing cannot be attributed to these
trauma-related triggers (Brewin et al., 2010; Michael et al., 2005). Consequently, re-
experiencing symptoms are perceived as a real and immediate threat. (Brewin, 2001; Ehlers &
Clark, 2000; Ehlers et al., 2002). Thus, the confrontation with internal and external trauma-
related stimuli lead to intense and persistent psychological and physical stress reactions. Against
this background, avoidance is a central, albeit maladaptive, way of managing the perceived
threat and is thus a characteristic symptom of PTSD in itself. Individuals diagnosed with PTSD
typically avoid stimuli that are associated with the trauma or trigger a strong stress response
(APA, 2022). These stimuli may include situations, activities, places, objects, memories,
cognitions, and emotions that are either directly associated with the trauma or resemble trauma-
related cues through processes of stimulus generalisation. According to Ehlers and Clark
(2000), avoidance (behaviour) is a particularly central symptom of PTSD, as it prevents the
disconfirmation of threat-related appraisals, reinforces the cycle of distress, and thereby
contributes substantially to the persistence of the disorder (see Chapter 1.1.5). Negative
alterations in cognition and affect play a pivotal role in the maintenance of PTSD. These
symptoms encompass difficulties in consciously recalling aspects of the traumatic event, as
well as pervasive negative cognitions that extend beyond the trauma itself and promote a
persistently negative view of the self, others, and the world. Such distorted cognitions
frequently concern the causes and consequences of the trauma, particularly issues of
responsibility, and are commonly accompanied by pronounced feelings of guilt and shame (e.g.,
Ehlers & Clark, 2000). Together, these cognitive and emotional disturbances contribute to
negative affect (Liu et al., 2014; Tsai et al., 2014). At the same time, a persistent inability to
experience positive emotions, often referred to as anhedonia, constitutes another symptom of
PTSD (Liuetal., 2014; Tsai et al., 2014). It is typically characterised by a marked loss of interest
in previously rewarding activities, social withdrawal, and a pronounced sense of detachment or
estrangement from others. A heightened attention to potential threat further reinforces a
persistent sense of danger and exacerbates symptoms of chronic hyperarousal, which can
manifest as hypervigilance and exaggerated startle responses (anxious arousal; Liu et al., 2014;
Tsai et al., 2014). This is often accompanied by symptoms of dysphoric arousal, including
concentration problems and sleep disturbances (Liu et al., 2014; Tsai et al., 2014). Finally,
externalising symptoms, such as irritability, risk-taking behaviour, and aggressive behaviour,

are frequently observed in PTSD (Tsai et al., 2014).



1.1.3. Prevalences of Trauma and Posttraumatic Stress Disorder

Trauma exposure is highly prevalent worldwide, with approximately 70 % of the
population experiencing at least one potentially traumatic event during their lifetime (Benjet et
al., 2016; Kessler et al., 2017), with particularly high prevalence over 80% observed among
first responders (e.g., Patterson, 2001) and even more elevated in populations in conflict-
affected regions' (e.g., Blackmore et al., 2020; Kessler et al., 2017, Koenen et al., 2017;
Nesterko et al., 2019). In this context the prevalence of trauma exposure is shown to be
consistent across men and women (e.g., Tolin & Foa, 2006). On average, individuals report
having experienced 4.6 traumatic events and 2.9 different trauma types across their lifetime
(Benjet et al., 2016). In general population samples, the most prevalent trauma types are
affecting or witnessed in loved ones (35.7%), accidents (34.3%), and unexpected death of a
loved one (31.4%). Interpersonally related traumas, such as physical violence (22.9%), intimate
partner sexual violence (14.0%), and war-related traumas (13.1%), are reported less commonly
(Kessler et al., 2017). The number and type of traumatic events vary across men and women
(Langeland & OIff, 2024), with men, generally, reporting a higher prevalence and broader
variety of trauma exposure than women (OIff, 2017; Tolin & Foa, 2006). A recent meta-analysis
showed that women are significantly more likely than men to be exposed to sexual assault (odds
ratio [OR] = 5.99, 95% CI [4.42, 8.93]). In contrast, men are more likely to report accidents
(OR =10.67, 95% CI1[0.57, 0.79]), nonsexual assault (OR = 0.62, 95% CI [0.56, 0.69]), combat
or war exposure (OR =0.28, 95% CI [0.18, 0.43]), life-threatening illness or injury (OR = 0.68,
95% CI[0.54, 0.86]), and witnessing death or injury (OR = 0.80, 95% CI [0.72, 0.90]). While
30.5% of the general population report exposure to four or more different traumatic events
(Benjet et al., 2016), cumulative exposure to multiple trauma types is particularly common in
high-risk occupational groups, such as first responders (Geronazzo et al., 2017) and military
personnel (Trautmann et al., 2017). However, the patterns of trauma exposure also differ by
profession. Medical personnel are primarily exposed to medically induced trauma, whereas
police officers and soldiers are more frequently exposed to interpersonal violence or combat-
related trauma. The prevalence of cumulative trauma exposure is particularly pronounced
among populations residing in conflict-affected regions. For instance, 86.3% of individuals in
these settings report exposure to three or more trauma types (Mahmood et al., 2019). Among
displaced populations, particularly those from North Africa and the Middle East, up to 75.7%

report histories of interpersonal trauma (Fazel et al., 2005; Nesterko et al., 2019; Quosh et al.,

! In this dissertation, the term conflict-affected regions refers to countries and regions affected by armed conflict or protracted political
instability, primarily including, Syria, Iraq, Afghanistan, Eritrea, and Ukraine.



2013). Following a traumatic event, approximately 50-80% of survivors develop stress-related
symptoms, such as intrusive re-experiencing, negative mood, dissociation, avoidance,
hyperarousal, and sleep disturbances, that typically remit over time (Bonanno, 2004; Diamond
et al., 2022). Only about 3.9% of the general population, corresponding to 5.6% of trauma-
exposed individuals, meet criteria for PTSD (Kessler et al., 2017; Morina et al., 2014).
However, prevalence estimates vary substantially as a function of trauma type and population
characteristics. The highest PTSD rates are found among individuals exposed to interpersonal
trauma, with meta-analytic evidence indicating that around 25% develop PTSD after
interpersonal events (e.g., assault or abuse), whereas approximately 10% of those exposed to
non-interpersonal or accidental trauma develop PTSD. Women show a higher lifetime
prevalence of PTSD (around 10-12%) than men (around 5-6%; OIff, 2017). Moreover,
prevalences range from 4.4% to 28% among medical professionals (Sendler et al., 2016), 6.4%
to 57% in firefighters (Salleh et al., 2020), and 8.0% to 14.2% in police officers (Brewin et al.,
2022; Syed et al., 2020), reaching 1.1% to 34.8% for combat-related PTSD in military personnel
(Xue et al., 2015). Individuals residing in conflict-affected regions show almost tenfold higher
prevalence rates than the general population, with around 26% of civilian war survivors meeting
criteria for PTSD (Morina et al., 2018). Recent studies further indicate that refugees and asylum
seekers display similarly elevated PTSD rates, ranging from approximately 31% to 40%
(Blackmore et al., 2020; Gébel et al., 2006; Nesterko et al., 2020). More recently, Bilewicz et
al. (2024) reported that 47.5% of forcibly displaced Ukrainian migrants exhibited symptoms
consistent with PTSD. These populations with elevated PTSD rate such as individuals in
conflict-affected regions, refugees, and high-risk occupational groups not only exhibit a higher
prevalence of PTSD itself but are also particularly more vulnerable to complex comorbidity
profiles and chronic PTSD courses. In general, PTSD is highly associated with co-occurring
psychiatric disorders, including mood, anxiety, and personality disorders, as well as sleep
disturbances (Milanak et al., 2019), with comorbid depression being present in more than half
of affected individuals (Hoppen et al., 2021). Moreover, PTSD is linked to an increased risk of
cardiovascular, metabolic, and musculoskeletal conditions (Ryder et al., 2018) and to markedly
elevated suicide risk, particularly when left untreated (Davidson et al., 1991). Women not only
show higher PTSD prevalence but also higher rates of comorbid disorders than men
(Christiansen & Hansen, 2015). Overall, these patterns underline that trauma exposure, trauma
type, and PTSD do not occur in isolation but are embedded in broader constellations of mental
and physical health problems. However, the reported estimates are not exhaustive and may not

fully capture current trends, as they are influenced by factors such as study design, sampling



strategies, and temporal context. Consequently, prevalence rates should be interpreted as

approximate ranges rather than definitive values.

1.1.4. Risk and Protective Factors on Trauma and Posttraumatic Stress Disorder

The wide variation in prevalence rates and posttraumatic trajectories indicates that
individuals differ significantly in their vulnerability to, and recovery from, trauma exposure
This has directed increasing attention to risk and protective factors that are hypothesised to
essentially shape posttraumatic trajectories (Olff, 2017; Schnyder et al., 2015). As illustrated
schematically in Figure 1.1, the conditional risk of developing PTSD is primarily determined
by trauma type. Particularly, Figure 1.1 illustrates that PTSD is less likely to develop following
single-incident or accidental trauma, such as natural disasters or traffic accidents (Kessler et al.,
2017; traumatic events depicted in the light green quadrants in Figure 1.1). In contrast,
cumulative or prolonged interpersonal trauma is associated with the highest risk of developing
PTSD (Kessler et al., 2017; see traumatic events depicted in the blue quadrant in Figure 1.1).
Furthermore, there is a robust correlation between prolonged exposure to trauma, such as
repeated abuse or sustained victimisation, and the development of more chronic and severe

courses of PTSD (see Figure 1.1).
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Note. Each data point represents a specific traumatic event, coloured grey, green, or blue according to its allocation
to one of four trauma-type quadrants. Data points and label terms are adapted from Kessler et al. (2017, Table 3;
https://doi.org/10.1080/20008198.2017.1353383). Traumatic events were classified within a four-field framework
adapted from Maercker and Augsburger (2019, Table 2.1, p. 16). Two independent raters located each event on
two 11-point scales (0—10): one ranging from accidental to interpersonal trauma, and the other from single-incident
(Type I) to prolonged or repeated (Type II) trauma. The vertical position of each data point reflects the conditional
risk of PTSD associated with that event (in %), with higher positions indicating greater risk. Overall, events located
in the blue quadrant are associated with the highest conditional risk of PTSD, followed by events in the two green
quadrants (except for “rape”; Kessler et al., 2017), whereas events in the grey quadrant show the lowest risk. The
legend on the right indicates that point colour darkens with increasing PTSD risk within each quadrant.

Empirical evidence indicates a dynamic and multifaceted interplay of pre-, peri-, and
posttraumatic factors in processing and integrating the traumatic experiences (e.g., Ozer et al.,
2003). Pre-traumatic factors encompass predisposing vulnerabilities, including prior adversity,
genetic liability, and personality traits. These factors have been shown to influence the
likelihood of exposure to trauma and impact subsequent processing of the event. Consequently,
these factors have also been demonstrated to impact the risk of developing PTSD (e.g., Breslau
et al.,, 2006). Peri-traumatic factors, defined as occurring during or immediately after a
traumatic event, influence how the experience is encoded and interpreted. This has been
demonstrated to influence initial stress responses and early adaptation, which are crucial in the
development of PTSD. Posttraumatic factors are defined to manifest in the aftermath of a
traumatic event, influencing the development of PTSD. Indeed, these factors have been shown
to shape vulnerability to PTSD by influencing processes such as information processing and
memory consolidation, cognitive reappraisal, coping mechanisms, social support, exposure to

ongoing stressors, and access to mental health care. Together, pre-, peri-, and posttraumatic



factors have a significant substantial impact on long-term outcomes, contributing to trajectories
that range from recovery to the persistence of psychopathology. To provide a structured
overview of these influences, Table 1.1 summarises major risk and protective factors examined
in current research, conceptually organised into three domains: biological and
neurophysiological factors, environmental and social factors, and psychological and cognitive—
emotional factors. Symbols indicate each factor’s stage-specific salience (® = primary/most
proximal relevance; © = secondary/variable relevance). Stage assignment is intended as a

heuristic, as many factors can operate across stages.

The following sections prioritise biological and neurophysiological, as well as environmental
and social risk and protective factors, because these domains capture context-dependent
constraints and resources that systematically contribute to heterogeneity across populations and
settings. They therefore offer particularly informative leverage points for context-sensitive
adaptation in the prevention, diagnostics, and treatment of PTSD. Psychological and cognitive-
emotional risk and protective factors (such as self-efficacy [e.g., Benight & Bandura, 2004],
resilience-related constructs [e.g., Bonanno et al., 2004; Fletcher & Sarkar, 2013; Ozer et al.,
2003], cognitive flexibility and emotion regulation [e.g., Martin & Rubin, 1995; Bonanno et
al., 2013; Sopp et al., 2025]) remain clinically central. In the present framework, however, this
domain is conceptualised primarily as a proximal pathway through which biological,
neurophysiological and environmental, social risk and protective factors affect posttraumatic
outcomes (e.g., Beierl et al., 2019). This domain is included in Table 1.1 to provide a
comprehensive overview. Furthermore, psychological and cognitive-emotional risk and
protective factors are selectively addressed in the following sections and in the section on

aetiological mechanisms and memory processing (Chapter 1.1.5).
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Table 1.1 Risk and Protective Factors for Posttraumatic Stress Disorder

References Pre Peri  Post
Biological and neurophysiological factors
Genetic and epigenetic vulnerability Koenen et al., 2017 ° o
Sex (assigned at birth) Langeland & OIff, 2024 o o o
Age at trauma exposure Koenen et al., 2017
Physical health status and somatic comorbidity =~ Garfin et al., 2018;
Silverman et al., 2014; ° o o
Avdibegovic et al., 2010
Neurobiological sensitivity and physiological ~ Yehuda, 2002;
stress response Heim & Nemeroff, 2009 © ° °
Neuroendocrine alterations Yehuda, 2002;
(e.g., HPA-axis alterations) Fischer et al., 2021 © © ¢
Neurobiological sensitisation Shin et al., 2006;
(e.g., amygdala, hippocampal alterations) Kremen et al., 2012 © ¢
Sleep (e.g., early post-trauma sleep and Diekelmann & Born, 2010;
consolidation) Sopp et al., 2019 © © °
Trauma memory processing and integration Berntsen & Rubin, 2007 ° °
Psychological and cognitive-emotional factors
Mental health status and psychiatric Brewin et al., 2000; Koenen
comorbidity etal., 2017 ¢ © ¢
Cognitive appraisal & maladaptive beliefs Ehlers & Clark, 2000;
o o °
Foa et al., 2006
Coping style (e.g., avoidance, rumination) Brewin et al., 2000; ° o
Ozer et al., 2003
Resilience (e.g., locus of control, coherence) Bonanno, 2004;
Fletcher & Sarkar, 2013; ° °
Schéfer et al., 2019
Self-concept and identity-related beliefs Ehlers & Clark, 2000; o o
Ozer et al., 2003
Self-efficacy Bandura, 1997; ° o
Samuelson, 2017
Cognitive flexibility Martin & Rubin, 1995; o o
Troy et al., 2011
Emotion regulation capacity Bonanno et al., 2012; o ° o
Troy et al., 2011
Perceived threat and loss of control Ozer et al., 2003;
Brewin et al., 2000 ° ©
Dissociation Lanius et al., 2010 ° o)
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Table 1.1 (continued.)

References Pre  Peri Post
Environmental and social factors
Socioeconomic disadvantage and material OlIff, 2017
hardship ° ©
Trauma exposure characteristics Kessler et al., 2017; o o
Brewin et al., 2000
Ongoing threat and adversity (secondary Silove et al., 1997; o o o
stressors) Georgiadou et al., 2018
Access to trauma-informed health care Fazel et al., 2012 o o °
Gender-related aspects Langeland & OIff, 2024 ° °
Cultural context and stigma Schnyder et al., 2016 ° °
Discrimination and structural barriers Sibrava et al., 2019 ° o °
Social support / family support Wang et al., 2021 o o °
Social acknowledgment and social recognition Maercker & Miiller, 2004 o °

Note. This table provides a non-exhaustive selection of major risk and protective factors for PTSD and organised
into three domains: biological and neurophysiological factors, psychological and cognitive—emotional factors, and
environmental and social factors. References are provided as illustrative examples of empirical support and are
not intended to be exhaustive. Symbols indicate the stage in which each factor is typically most salient (e =
primary/most proximal relevance; o = secondary/variable relevance). Stage assignment (pre, peri and post trauma)
is intended as a heuristic and does not imply strict temporal boundaries.

1.1.4.1. Biological and Neurophysiological Risk and Protective Factors on Trauma and

Posttraumatic Stress Disorder

As posited by Garfin et al. (2018), physical and mental health can buffer against
prolonged stress reactions and mitigate acute trauma symptoms. Research indicates that
physical fitness is crucial for maintaining body awareness and a well-regulated stress response
system, both of which act as protective factors against acute stress (Silverman & Deuster, 2014).
At a neurobiological level, physical activity has been demonstrated to be associated with
increased neurotrophic signalling, including elevated levels of brain-derived neurotrophic
factor (BDNF). This may, in turn, support plasticity in fronto-limbic networks that are
implicated in stress regulation and extinction learning (see e.g., Crombie et al., 2021).
Consistent with this, physical fitness has been linked to emotional stability and resilience-
related states and traits, thereby serving as a protective factor against maladaptive stress
responses and PTSD (e.g., Childs & de Wit, 2014; Rosenbaum et al., 2015). In contrast, low
physical fitness is associated with increased vulnerability to traumatic stress exposure and

PTSD, an association partly mediated by anxiety sensitivity, that is defined as the tendency to
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interpret bodily anxiety symptoms as threatening (e.g., Marshall et al., 2010). Moreover,
physical pain is another factor that mediates the relationship between poor physical fitness and
PTSD risk. Recent research has indicated that particularly intense pain during or shortly after
trauma exposure is associated with a higher likelihood of subsequent PTSD (e.g., Connor et al.,
2020). In a similar vein, chronic pain has been demonstrated to be closely associated with
PTSD, with evidence indicating bidirectional influences (e.g., Asmundson et al., 2002).
Furthermore, symptoms of posttraumatic stress and, in some cases, PTSD have also been
reported in reciprocal relationship to serious and chronic medical conditions, including
cardiovascular and cerebrovascular disease (Edmondson et al., 2013; Edmondson & von Kénel,
2017), respiratory disorders (e.g., asthma, ; Allgire et al., 2021; chronic obstructive pulmonary
disease; Abrams et al., 2015), endocrine disease (e.g., diabetes; Lunkenheimer et al., 2023;
Vancampfort et al., 2016), and cancer (Brown et al., 2020; Cordova et al., 2017), particularly
when illness onset or acute exacerbations are experienced as life-threatening events. An
increased risk of PTSD due to severe and chronic illnesses likely reflects the effects of both
disease-related (Edmondson, 2014) and additional treatment-related stressors, such as invasive
procedures, repeated hospitalisations, and intensive care (Cyr et al., 2021). Taken together, these
findings emphasise that somatic health status and disease burden play a crucial role in shaping
both the context of trauma exposure and the physiological substrate on which the psychological

trauma response unfold.

Beyond physical health, mental health encompasses risk and protective factors that
influence how people perceive, process and recover from traumatic experiences. Accordingly,
pre-existing psychiatric conditions, such as anxiety disorders and somatoform disorders, can
serve as predictors of an elevated risk of developing PTSD (e.g., Hapke et al., 2005). Moreover,
depressive symptoms have been demonstrated to induce sensitisation of the stress response
system (cf. Gold, 2014) and may occur prior to and following the onset of PTSD (e.g., Brady
et al., 2000; King et al., 2009; Shalev et al., 1998). The co-occurrence of PTSD and depression
has been demonstrated to impede the diagnostic process and is associated with a more chronic
course of PTSD (Brady et al., 2000). Moreover, pretreatment depression has been shown to
reduce treatment efficacy of TFP (e.g., Kline et al., 2021). Beyond depressive disorders, several
psychiatric disorders are characterised by heightened stress reactivity, which predisposes
individuals to maladaptive responses during and after trauma. This amplifies psychopathology
(cf. see the vulnerability-stress models in Ingram & Luxton; 2005) and may impede effective

recovery. In line with this, current research shows that acute stress disorder (ASD), a
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psychopathological stress response that emerges shortly after trauma, increases the risk of

developing PTSD by approximately twenty-fold (Holeva et al., 2001).

Taken together, these findings point to elevated physiological stress reactivity as a key
mechanism linking pre-existing physical and mental health conditions to PTSD risk. Empirical
findings suggest that chronic stress progressively sensitises the stress-response system, thereby
lowering the threshold for exaggerated responses even to minor stressors and increasing
baseline vulnerability to PTSD (cf. Lupien et al., 2009). Specifically, the duration and intensity
of the physiological stress response during and after trauma have been demonstrated to
predominantly influence trauma processing, thereby playing a pivotal role in the development
of PTSD (cf. Lupien et al., 2009). Although the acute physiological stress response is generally
considered adaptive for immediate survival, evidence indicates that, when excessive or
prolonged, it can result in long-term neuroendocrine dysregulation. This, in turn, leads to
heightened reactivity to stress and an increased vulnerability to developing PTSD (see Heim &
Nemeroff, 2009; Yehuda, 2004). At a neuroendocrine level, heightened cortisol secretion in
response to acute or chronic stress has been demonstrated to trigger dysregulation of the
hypothalamic—pituitary—adrenal (HPA) axis (Fischer et al., 2021). Acute increases in cortisol
have been observed to enhance the HPA axis negative feedback loop, initially enhancing
glucocorticoid receptor sensitivity and subsequently leading to lower basal cortisol levels over
time. Lower basal cortisol levels have been repeatedly associated with greater PTSD symptom
severity across key symptom domains (see Fischer et al., 2021). Furthermore, current findings
indicate dysregulation in other neuroendocrine systems as additional contributors to
vulnerability to and maintenance of PTSD (e.g., Ravi et al., 2019). These stress-associated
neuroendocrine dysregulations frequently manifest at the neurostructural level. Dysregulation
of the HPA axis, the most extensively studied neuroendocrine system in the context of PTSD,
has been associated with heightened sensitivity and increased activity of the amygdala (see
Cacciaglia et al., 2017). These neurobiological alterations have been linked to range of PTSD
symptoms (cf. Admon, Milad, & Hendler, 2013), such as hyperarousal, irritability, sleep
disturbances, heightened vigilance, and exaggerated fear responses. Moreover, reduced
hippocampal volume and a decreased connectivity to the ventromedial prefrontal cortex have
been shown in patients with PTSD, and have been linked to impairments in executive and
memory functions (cf. Admon et al., 2013; Kremen et al., 2012). Genetically informed twin-
and prospective studies suggest that individual neurobiological characteristics (e.g., structural

differences such as a smaller hippocampal volume) are present prior to trauma and may
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influence PTSD vulnerability after trauma exposure (see Gilbertson et al., 2002; Kremen et al.,
2012). At the same time, stress and trauma can trigger synaptic reorganisation in the
hippocampus, the amygdala and the prefrontal networks, promoting heightened stress reactivity
and trauma memory (cf. McEwen et al., 2016; Pitman et al., 2012). However, the interaction
between premorbid characteristics and trauma-associated neuroendocrine and neurostructural
modifications over time has not yet been fully clarified (Gilbertson et al., 2002; Pitman et al.,
2012; Yehuda, 2002). Thus, conceptual models often assume reciprocal, potentially self-
reinforcing feedback processes that may contribute to and maintain maladaptive trauma
processing (McEwen, 1998; Pitman et al., 2012). Building on this, it is important to note that
trauma- and PTSD-related neurophysiological and neurofunctional changes consistently affect
brain regions that are central to memory processing (Elzinga & Bremner, 2002; Pitman et al.,
2012; Rauch et al., 2006). Deficits in autobiographical, verbal, and working memory, together
with reduced executive control, may bias information processing towards bottom-up
responding and facilitate more automatic, cue-driven retrieval of trauma-related memories. This
amplifies intrusive re-experiencing (see Brewin, 2011; Harvey et al., 1998; Streb et al., 2016;
Stindermann et al., 2013). Dissociation has been demonstrated to disrupt memory integration
and has been shown to be strongly associated with intrusive re-experiencing (see Ehlers et al.,
2008; Lanius et al., 2010). Beyond the frequency of intrusions, their qualitative characteristics,
particularly emotional distress (e.g., Hackmann et al., 2004) and the “here-and-now” quality
(Michael et al., 2005), are stronger predictors of PTSD. Intrusive re-experiencing may
perpetuate distress, thereby reinforcing neurofunctional dysregulation in a self-sustaining cycle
that underlies and maintains maladaptive trauma processing (cf. McNally et al., 2011). Building
on this, emerging evidence suggests that sleep may play a crucial role in posttraumatic memory
consolidation and emotional regulation. During systems consolidation, memory traces are
gradually redistributed from the hippocampus to neocortical networks, with these processes
occurring predominantly during slow-wave and rapid-eye-movement (REM) sleep
(Diekelmann & Born, 2010; Kleim et al., 2016). While sleep generally facilitates adaptive
memory integration, its immediate effects after trauma remain a subject of debate (Diekelmann
& Born, 2010, Kleim et al., 2016; Sopp et al., 2019). Some findings suggest that sleep
deprivation may reduce implicit fear memory formation (Kuriyama et al., 2010), whereas others
indicate that sleep strengthens contextual representations that inhibit intrusive re-experiencing
(Bisby & Burgess, 2017; Sopp et al., 2019; Zeng et al., 2021). Experimental studies have
corroborated this finding, demonstrating that sleep exerts a modestly positive effect on intrusive

re-experiencing (e.g., Kleim et al., 2016). However, there are also contrary findings (e.g.,
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Porcheret et al., 2015). Despite the varying evidence base, overall, posttraumatic sleep appears
to play a crucial moderating role in the development of PTSD by influencing
neurophysiological processes of memory consolidation and emotional regulation. This
underscores the importance of examining the risk and protective factors in relation to the

various dimensions of PTSD symptoms in a differentiated manner.

Beyond the impact of memory processing and sleep-dependent consolidation on trauma-
related symptomatology, individual differences in genetic and epigenetic factors may further
modulate susceptibility to PTSD, shaping the neural and cognitive mechanisms underlying risk
and resilience. Genetic predispositions modulate neurobiological stress sensitivity, indirectly
affecting PTSD vulnerability. Furthermore, epigenetic modifications have been demonstrated
to render environmental influences susceptible to altered gene expression, modulating the risk
of developing PTSD (Mehta and Binder, 2012, Khan et al., 2025). Transgenerational trauma
has been identified as a relevant risk factor on trauma and PTSD with a considerable epigenetic
component (e.g., Youssef et al., 2018). Evidence suggests that epigenetic modifications,
resulting from psychological and social processes such as family dynamics, parenting styles,
and coping strategies play a pivotal role in transmitting the traumatic experiences and their
consequences from one generation to the next. Consequently, subsequent generations of
individuals with a history of traumatic experiences exhibit increased vulnerability to trauma
and PTSD (see Lehrner & Yehuda, 2018). Thus, epigenetic mechanisms operate as a central
interface between neurobiological and environmental factors that contribute to the development

of PTSD.

1.1.4.2. Environmental and Social Risk and Protective Factors on Trauma and Posttraumatic

Stress Disorder

Public health research highlights that environmental and contextual conditions may
engender structural vulnerabilities that influence the risk for psychopathology by affecting
trauma exposure, access to health care, and broader social and demographic circumstances (e.g.,
Tol et al., 2013). In this context, sociodemographic determinants such as age, gender, education,
occupation, and associated socioeconomic status (SES) are of particular relevance. Individuals
at both the younger and the very old ages frequently demonstrate heightened vulnerability to
PTSD, as developmental factors exert a significant influence on cognitive and emotional

regulatory capacities: Adolescents demonstrate heightened sensitivity to stress (Spear, 2009)

16



and a relative paucity of effective coping strategies (Compas et al., 2001), whereas older adults
may experience age-related declines in memory and emotion regulation (Salthouse, 2010), both
of which are recognised as risk factors for PTSD (e.g., Barlis et al., 2025). Gender can be
considered a proxy risk factor for PTSD, as women are more likely to experience certain types
of traumata (e.g., pre-, peri-, or postnatal complications, sexualised violence) and tend to
employ more internalising coping strategies (Vogt et al., 2007). These factors increase
vulnerability to trauma exposure and PTSD. Furthermore, the impact of gender on the risk for
PTSD is mediated by social factors related to gender roles. Consequently, women demonstrate
a two- to threefold higher risk of developing PTSD in comparison to men (Christiansen & Elklit,
2012; OIff, 2017; Tolin & Foa, 2006). Furthermore, education has been shown to be a
significant predictor of socioeconomic resources and coping capacity. Higher levels of
educational attainment and professional success have been consistently linked to better mental
health outcomes (see Benjet et al., 2016). Conversely, lower levels of education have been
demonstrated to increase vulnerability to trauma exposure and PTSD (Folayan et al., 2024) and
are moreover associated with reduced access to social and healthcare support. In addition, low
socioeconomic status has been found to be associated with secondary risk factors, including
social isolation and limited social support (Alhaffar & Janos, 2021; Ben Salah et al., 2023). This

suggests a predisposition for individuals to experience trauma exposure and PTSD.

From a more external perspective, environmental factors encompass an interplay of
political, cultural and social factors associated with the risk or resilience to trauma and PTSD.
Within this context, safe environments with low trauma potential confer protection by
promoting physical and mental well-being, acting as pre-traumatic protective factors. Such
environments have been shown to promote stability and are associated with a heightened sense
of control prior to trauma, thereby providing a buffer against the development of PTSD (cf.
Benight & Bandura, 2004). Conversely, environments frequently impacted by natural disasters
have been linked to elevated rates of trauma exposure (Bromet et al., 2017). However, this
observation does not inherently imply an increase in the risk of PTSD, as natural disasters can
be classified as accidental trauma. Conversely, elevated poverty and crime rates, which are
almost manifestations of man-made trauma, have been associated with an increased risk of
developing PTSD (e.g., Ravi et al., 2023). The most severe exposure to man-made trauma
occurs in conflict zones characterised by political instability, human rights violations, and
ongoing threats such as persecution, torture, and interpersonal violence (Steel et al., 2009).

Consequently, populations originating from regions including parts of North Africa and the
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Middle East have been found to be at an increased risk of developing PTSD (Fazel et al., 2005;
Nesterko et al., 2020). The confrontation with such aversive, persistent, and life-threatening
environments prompts many of the affected individuals seeking refuge. This form of
displacement and forced migration has been shown to compound the risk of cumulative
interpersonal trauma. Forcibly displaced individuals, including refugees and asylum seekers,
have been found to report a significantly higher prevalence of traumatic interpersonal
experiences in comparison to individuals residing within the conflict zone (see Fazel et al.,
2012). In addition to prolonged exposure to several traumatic events in conflict zones, persistent
threats, and uncertainty during flight, as well as poor living conditions in refugee camps have
been shown to be directly associated with increased PTSD severity (de Jong et al., 2001).
Research in this field has identified delays in the asylum process, experiences of discrimination,
social stigma, and social isolation as key factors that exacerbate psychological distress, foster
social disintegration, and limit access to mental health care (cf. Fazel et al., 2012; Silove et al.,
1997). Among these populations, structural deficits, including restricted access to trauma-
informed and culturally sensitive mental health services, contribute to diagnostic inaccuracies
and insufficient treatment, thereby reinforcing vulnerability to chronic and persistent PTSD
symptomatology (see Fazel et al., 2012; Kleber et al., 2016). In this context, cultural sensitivity
extends beyond clinical practice, emphasising that cultural norms and practices themselves
shape both vulnerability and resilience (Oakley et al., 2021). Cultural frameworks have been
demonstrated to influence the perception, expression, and integration of trauma, thereby
affecting coping mechanisms, help-seeking behaviours, and recovery trajectories. Cultural
norms and practices have been demonstrated to influence coping mechanisms at both the
individual and social levels, thereby impacting the perception and management of trauma (see
Bovey et al., 2025). Religion and spirituality, as integral components of culture, have the
capacity to engender resilience by offering coherence, meaning, and a framework for adaptive
coping mechanisms (Park, 2013; Weber & Pargament, 2014.). The affiliation of individuals
with religious communities has been demonstrated to have a positive effect on their sense of
belonging and social integration (VanderWeele, 2017). This, in turn, facilitates access to
supportive networks and social recognition. Concurrently, cultural and religious norms have the
capacity to amplify feelings of shame and guilt (Shi et al., 2021), or to disseminate moral
conflict in the aftermath of traumatic events, thereby increasing the risk of developing PTSD
(see Kip et al., 2022). The positive impact of social connections on resilience and protection
against trauma-related stress has been demonstrated in a number of studies (see Bonanno, 2004

and see Wang et al., 2021 for meta-analysis). Supportive family relationship has been shown to
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enhance coping mechanisms and mitigate the risk of developing PTSD (see Allen et al., 2021),
but effects are usually small and depend on context. Acknowledgement and validation from
others are of particular importance, as they stabilise recovery and promote adaptive coping after
trauma (Maerker & Miiller, 2004). Insufficient social support and acknowledgement have been
demonstrated to result in withdrawal and social isolation, thereby worsening PTSD symptoms
(Brewin et al., 2000; Kaniasty & Norris, 1993; Maerker & Miiller, 2004). Parental blame,
emotional unavailability, and dysfunctional family dynamics have been demonstrated to
increase vulnerability to the development of PTSD (Afzal et al., 2023). Social marginalisation,
discrimination, or a lack of recognition has been demonstrated to increase trauma vulnerability
and limit access to protective resources (e.g., Matheson et al., 2019; Williams & Mohammed,
2009). In the context of transgenerational trauma, such relational patterns may influence stress

regulation and trauma susceptibility through epigenetic pathways (Youssef et al., 2018).

As outlined above, a broad range of risk and protective factors for trauma exposure and
PTSD has been identified in the last decade of research. The dynamic interplay among the risk
and protective factors is particularly evident in shaping an individual's vulnerability to PTSD
(see Brewin et al., 2000; Koenen et al., 2017; Ozer et al., 2003). These vulnerability patterns
can be conceptualised as multidimensional profiles characterised by specific constellations of
biological, psychological, and environmental risk and protective factors. Examining such
profiles across populations allows recurring constellations to be empirically delineated and
high-risk groups for PTSD to be identified (Kessler et al., 2014). These high-risk groups, in
turn, form the basis for individualised diagnostics, targeted prevention, and personalised
treatment planning. A substantial body of research has identified several high-risk groups. Thus,
individuals exposed to traumatic events during sensitive developmental periods, including
childhood abuse, neglect, or parental loss, demonstrate significantly increased vulnerability,
particularly when such exposures occur during childhood or older age (Brewin et al., 2000;
Koenen et al.,, 2017). Furthermore, individuals suffering from severe physical disease,
particularly those who develop the disease at a young age and undergo invasive treatments or
repeated hospitalisations, often exhibit increased physiological arousal and higher levels of
distress, which is associated with an increased risk of trauma-related mental health issues (see
Chapter 1.1.4.1. for more details). Specific occupational groups, including first responders and
military personnel are repeatedly exposed to potentially life-threatening events and therefore
constitute another population with an elevated risk of developing PTSD (e.g., Arena et al., 2025;

Gates et al., 2012). Meta-analytic findings indicate that adult civilian populations residing in
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war-affected regions are among those at highest risk for PTSD, consistent with the combination
of cumulative trauma exposure and persistently threatening living conditions associated with
armed conflict settings (Morina et al., 2018). Furthermore, refugees and migrants are considered
to be at particularly high risk, especially when confronted with additional adversities such as
social isolation, unemployment, and insecure legal status in the host country (e.g., Blackmore
et al., 2020; Johnson & Thompson, 2008). In a similar vein, ethnic minority groups have been
demonstrated to exhibit an elevated degree of vulnerability, a phenomenon that is presumably
attributable to the interplay of social disadvantage, marginalisation, and cumulative stress
exposure (e.g., Polanco-Roman et al., 2024). Empirical findings further suggest that, within
these high-risk populations, individuals with PTSD differ systematically from trauma-exposed
individuals without PTSD in how they encode, appraise, and remember traumatic experiences
(Petzold & Bunzeck, 2022). This offers insight into mechanisms that contribute to both the
onset and the maintenance of the disorder. Taken together, these observations emphasise the
importance of identifying high-risk groups and vulnerability profiles as a foundation for
developing context-sensitive prevention strategies, early intervention approaches, and
personalised treatment programmes in posttraumatic mental health care. At the same time, these
findings emphasise the necessity to examine the underlying etiological mechanisms,
particularly those related to memory processing, and contextual influences on it, in order to
comprehend why some individuals develop PTSD following trauma, while others demonstrate

resilience.

1.1.5. Aectiological Mechanisms and the Role of Memory in the Pathogenesis of Posttraumatic

Stress Disorder

Together the risk and protective factors determine both the vulnerability to and severity
of PTSD by influencing in part memory processing. Memory processing unfolds across
encoding, where experiences are initially perceived and stored; consolidation, which stabilizes
initial fragile memories; and retrieval, the process of accessing stored information. The
following sections provide a brief introduction to key memory processes and emphasise their
importance during and after trauma, drawing on selected aetiological models that have been

described as viewing PTSD as, at least in part, a memory-related disorder.
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1.1.5.1. Fundamental Mechanisms of Memory Processing

Memory consolidation is a dynamic process that is essential for transforming fragile,
newly encoded memories into stable representations stored in long-term memory system
(Squire et al., 2015). Reconsolidation further stabilizes these memories, making them more
resistant to forgetting. Research suggests that while system consolidation occurs during both
wakefulness and sleep, sleep provides an optimal state, supporting effective neural
reorganization in emotional memory consolidation (Dudai et al., 2015; Rasch & Born, 2013).
From a neurophysiological perspective, emotional memory consolidation relies on the
coordinated activity of the amygdala, hippocampus and neocortical structures to reorganize and
strengthen emotional memories into long-term storage (Dudai et al., 2015). A widely accepted
nomenclature of long-term memory separates declarative from non-declarative memory
systems (Squire, 1992). The declarative memory system, also referred to as explicit memory,
includes knowledge that can be consciously accessed and recalled (Eichenbaum et al., 2000).
Declarative memory is further subdivided into two distinct categories: semantic memory and
episodic memory. Semantic memory encompasses general knowledge and concepts (Quillan,
1966), whereas episodic memory is concerned with specific autobiographical experiences
(Conway, 2001). Accordingly, the spatial and temporal contextualization of autobiographical
content is regarded as an inherent component of episodic memory (Tulving, 1983). Conversely,
the non-declarative memory, referred to as implicit memory, operates unconsciously. It
encompasses procedural memories, which include skills and habits, as well as implicit
processes such as associative learning (e.g., fear conditioning) and perceptual priming (Squire,
1992). Associative learning and perceptual priming are of paramount importance, as they make
the world more deterministic and facilitate appropriate adaptive responses, while minimizing
cognitive load (Henson et al., 2014). Associative learning encompasses the formation of
stimulus-stimulus and stimulus-response bindings, which reliably enable rapid, context-
dependent physiological, emotional, cognitive, or behavioural responses to associated stimuli
(Henson et al., 2014). Fear conditioning, as a specific form of associative learning, is of the
utmost importance as it enables individuals to recognize threats based on specific threat-
associated stimuli and automatically initiate responses to mitigate the threat. Perceptual priming
is characterized by increased and reinforced processing and recognition of the perceptual
properties of stimuli based on their prior exposure. By lowering the perceptual threshold for
previously exposed stimuli, stimulus response is unconsciously facilitated, making perceptual
priming an adaptive way to interact efficiently with the environment (Wiggs et al., 1998).

Overall, perceptual priming can be conceptualized within the framework of transfer-appropriate
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processing (Morris et al., 1977; Roediger et al., 1989), as it facilitates processing, recognition,
and stimulus response through the congruence of perceptual encoding and recognition
processes. Transfer-appropriate processing posits that memory performance is enhanced when
the conditions presented during encoding, such as context and cognitive processes, correspond
to those presented during retrieval. Transfer-appropriate processing distinguishes data-driven
processing and conceptually driven processing. Data-driven processing primarily involves
implicit memory processes, such as encoding perceptual features of stimuli, independent of
higher-order cognitive systems. As a result, data-driven encoding primarily supports automatic,
stimulus-driven memory retrieval, often lacking deeper contextual integration. In contrast,
conceptually driven processing engages elaborative, attention-driven encoding that integrates
information within a broader context, fostering meaningfulness and autobiographical
coherence. This type of processing enhances the capacity for intentional memory retrieval

within the framework of the explicit memory system (Roediger et al., 1989).

1.1.5.2. The Role of Memory Processing in Posttraumatic Stress Disorder

PTSD is commonly conceptualized as a memory disorder, in which stress-related
modifications in encoding, consolidation, and retrieval processes lead to a pathological
imbalance between declarative (explicit) and non-declarative (implicit) memory systems
(Brewin et al., 2010; Ehlers & Clark, 2000; Elzinga & Bremner, 2002; Foa & Kozak, 1986;
McNally, 2006). In particular, explicit memory is markedly impaired in individuals with PTSD
(see Samuelson, 2011), as evidenced by the disorganized and fragmented nature of trauma
memory when compared to trauma-exposed individuals without PTSD (Jelinek et al., 2009).
Conversely, it is suggested that the implicit memory for trauma-related stimuli is improved in
PTSD (Halligan et al., 2002). This is demonstrated through the improved subliminal processing
of trauma-related stimuli, which often manifests as heightened perceptual priming (see
Stindermann et al., 2013). In addition, people with PTSD often show stronger stress reactions
to trauma-related cues than to neutral cues (Pitman et al., 2012). These reactions are commonly
explained as a maladaptive conditioned fear response, such that trauma-related cues can trigger
intense arousal even when no current threat is present (McNally, 1998; Michael et al., 2005;
Milad et al., 2009). One proposed mechanism is that high arousal during the traumatic event
promotes a sensory-driven and fragmented encoding of the experience, making later intrusions

more likely and more easily triggered by perceptual cues (Brewin et al., 2010).

22



The assumption of an imbalance in the processing of memory concerning traumatic
events (Brewin, 2001) has substantially informed several influential aetiological models of
PTSD. Foa and Kozak's (1986) Emotional Processing Theory emphasizes the role of
maladaptive fear networks in the development of PTSD. While fear networks initially serve
adaptive survival functions, maladaptive processing of traumatic events can lead to pathological
fear network. Within the theoretical framework of the Emotional Processing Theory, intrusive
trauma memories are conceptualised as the expression of a maladaptive fear network. This
network is composed of complex, highly interconnected representations of trauma-related
stimuli, responses and interpretations, whose associative strength is further amplified by
sensory—perceptual elements. The cognitive model of Ehlers and Clark (2000) is based on the
transfer appropriate processing theory by Roediger (1989). It highlights the predominance of
data-driven, perceptually focused processing during trauma, which impairs contextual
integration and autobiographical memory and thereby perpetuates intrusive re-experiencing and
a persistent sense of present threat. In a similar vein, Brewin’s Dual Representation Theory
(Brewin et al., 2010) extends earlier cognitive models by explicitly incorporating
neurophysiological correlates of trauma memory. The model distinguishes between two
complementary memory systems: sensory-bound (situationally accessible) representations (S-
reps), which are linked to early sensory cortices, the amygdala, and the insula; and
contextualized (verbally accessible) representations (C-reps), which engage the hippocampus,
medial temporal cortex, and ventromedial prefrontal cortex. When S-reps dominate and C-reps
fail to be integrated following trauma, trauma memories become intrusive, vivid, and
contextually fragmented. Neuroimaging evidence supports this assumption, showing amygdala
hyperactivity, reduced hippocampal volume, and decreased connectivity with the ventromedial

prefrontal cortex in PTSD patients with intrusions (see Brewin et al., 2010).

Taken together, the aetiological models reviewed above converge on the view that
maladaptive trauma-memory processing during and following trauma exposure is a key
mechanism in the development and maintenance of PTSD. Accordingly, traumatic memory
representations are positioned at the core of symptom development and persistence, as reflected
in the disorder’s memory-based hallmark symptoms, including intrusive re-experiencing,
avoidance, and hyperarousal (Brewin et al., 1996; Ehlers & Clark, 2000; Michael et al., 2018;
Pitman et al., 2012). However, these models cannot be understood in isolation. As outlined in
Chapter 1.1.4, a substantial body of evidence suggests that memory-related processes play a

mediating role concerning the impact of contextual risk and protective factors on PTSD. This
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indicates that memory processes may serve as a plausible pathway through which contextual
conditions, before, during and after trauma, are translated into divergent posttraumatic
trajectories. In particular, risk and protective factors are hypothesised to predominantly exert
their effect through the modulation of encoding, consolidation, and retrieval processes across
the peri- and posttraumatic stages. In summary recent theoretical frameworks posit that risk and
protective factors determine whether traumatic experiences are adaptively integrated into

memory or persist as intrusive, distressing re-experiences in the context of a PTSD.

1.1.6. Implications for Diagnostic, Prevention and Treatment Approaches in Posttraumatic

Stress Disorder

This theoretical framework provides a recent aetiological perspective on PTSD, situating
trauma memory processes at the core of the disorder's pathogenesis and simultaneously
acknowledging the modulatory effects of contextual risk and protective factors on the onset and
persistence of PTSD. This perspective is of significant clinical importance. Thus, the following
sections synthesise contemporary approaches to prevention, diagnostics, and treatment,
providing a comprehensive overview of current clinical practice and appraising the

effectiveness of these contemporary approaches across various contexts.

There is an extensive empirical evidence base for PTSD assessment. A wide range of
diagnostic instruments is available and widely used, showing good to excellent internal
consistency (e.g., Cronbach’s o (CAPS-5 and PCL-5) = .83—-.97; Wojujutari et al., 2024; Forkus
et al., 2023) and strong convergent validity with other established PTSD screening measures
and clinician-administered interviews, underscoring their suitability for assessing core PTSD
symptoms (e.g., Blevins et al., 2015; Weathers et al., 2018). Diagnostic instruments based on
the DSM-5 are particularly prevalent in clinical practice and research, including the Clinician-
Administered PTSD Scale for DSM-5 (CAPS-5; Weathers et al., 2018) and the PTSD Checklist
for DSM-5 (PCL-5; Blevins et al., 2015). These two assessment tools primarily operationalise
PTSD by evaluating DSM-5 symptom clusters. International clinical guidelines recommend the
use of these standardised, validated tools for diagnostic evaluation and symptom monitoring
(e.g., National Institute for Health and Care Excellence [NICE], 2018). Nevertheless, recent
psychometric research continues to raise questions regarding generalisability of the latent factor
structure of the PCL-5 across various populations. The findings of factor-analytic research

suggest that aspects of construct validity may vary across populations, with particularly notable
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cultural and linguistic differences being observed (e.g., Ibrahim et al., 2019; Pettrich et al.,
2024). In line with this, sensitivity and specificity analyses indicate that established PCL-5 cut-
off scores may need to be adapted to the population examined to optimise diagnostic accuracy
(e.g., Ibrahim et al., 2018a). Furthermore, there is evidence that the discriminant validity of
PTSD assessment tools can be constrained by substantial symptom overlap between PTSD and
common comorbid conditions, such as depressive and anxiety disorders (cf. Al Barathie &
Karam, 2025; Flory & Yehuda, 2015). This overlap complicates differential diagnosis and may
increase the risk of false-positive classification (cf. Forkus et al., 2023). Taken together, these
findings indicate that PTSD assessment tools reliably capture core symptom dimensions of the
disorder, however their diagnostic performance is not uniform across various populations.
Consequently, recent research has increasingly emphasised measurement invariance testing and
the evaluation of diagnostic performance. For clinical decision-making in heterogeneous
samples, one pragmatic option is to derive population-appropriate cut-off scores that balance
sensitivity and specificity based on receiver operating characteristic (ROC) analyses (e.g.,

Pettrich et al., 2025).

While valid assessment tools facilitate the identification and monitoring of posttraumatic
symptoms, the clinical benefit ultimately depends on linking assessment results to evidence-
based interventions. In this regard, an extensive evidence base exists for the treatment of PTSD.
In accordance with this, clinical guidelines consistently recommend trauma-focused
psychotherapy (TFP) as the first-line intervention, with pharmacotherapy considered in selected
cases (e.g., limited feasibility of TFP or as an adjunct in severe trajectories) (APA, 2024; NICE,
2018; U.S. Department of Veterans Affairs & U.S. Department of Defense [VA/DoD], 2023).
These recommendations reflect the current evidence base indicating TFP as among the most
effective interventions for PTSD, including Prolonged exposure (Foa et al., 2007), Cognitive
processing therapy (Resick et al., 2024), Eye movement desensitisation and reprocessing
(Shapiro, 1989), and Narrative exposure therapy (NET; Schauer et al., 2011). The therapeutic
principle underlying TFP is the systematic activation of trauma-related memories and the
integration of sensory—affective (“hot””) memory elements with contextual, temporally ordered
(“cold”) information into a coherent autobiographical narrative (e.g., Schauer et al., 2011). This
integration is intended to reduce the involuntary re-experience of trauma memories and thereby
alleviate core PTSD symptoms. Although there is a generally robust evidence base for TFP,
considerable inter-individual differences in response to treatment and treatment retention are

observed. Thus, it has been shown that approximately one third of patients receiving TFP
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continue to experience clinically relevant PTSD symptoms after treatment, even if they no
longer meet the full diagnostic criteria (see Bradley et al., 2005). Furthermore, a meta-analysis
by Lewis et al. (2020) found evidence that the pooled dropout rate from RCTs of TFP is
associated with an 18% (95%CI [15, 21) dropout rate, which is significantly greater (5 = 0.069;
p = .021) than dropout rates (14%; 95%CI [10, 18]) from RCTs of non-trauma-focused
psychotherapies. This meta-analysis considered primary studies on different samples. In a
sample-specific meta-analysis, TFP in severely traumatised populations such as military
personnel and veterans was associated with higher dropout rates of 27.1% (Edwards-Stewart et
al., 2021). Moreover, Lely et al. (2019) show in their meta-analysis that NET (Schauer et al.,
2011) is associated with a dropout rate ranging from 0.00% to 25.49% (M = 5.85%,
SD = 8.51%). It should be noted that primary studies of TFP in refugees and asylum-seekers
have reported the highest dropout rates above 20% (Hensel-Dittmann et al., 2011; Morath et
al., 2014; Stenmark et al., 2013). Thus, although NET was developed for individuals exposed
to complex and cumulative trauma (Robjant & Fazel, 2010; Schauer et al., 2011) and is
frequently described as appropriate for heterogeneous and constrained services (e.g., Neuner et
al., 2008; Siehl et al., 2020), its integration into routine care seems to be impeded by contextual
barriers. Unstable living conditions, such as ongoing stressors for example following migration,
and cultural or linguistic limitations can hinder the access and the adherence to treatment,
thereby increasing the dropout risk (Schick et al., 2018). Conversely, preliminary evidence
indicates that NET delivered under more supportive contextual conditions is associated with
higher retention and adherence, which may be linked to better clinical outcomes (Lely et al.,
2019; de la Rie et al., 2020). To sum it up, recent studies suggest that treatment response and
retention in TFP vary across different populations and contexts. However, the evidence on the
factors that influence treatment retention and dropout remains limited. Consequently, in future
research context-related moderators and their impact on treatment response and retention

should be more considered (Carlsson et al., 2025; Wright et al., 2025).

In contrast to the robust empirical evidence supporting diagnostic assessments and
established treatments, empirical evidence for secondary preventive interventions following
trauma exposure is less consolidated. Research on early preventive approaches varies widely in
terms of study design (including analogue paradigms and clinical trials), intervention protocol,
timing relative to the index trauma (prevention vs. early treatment), outcomes and target
populations. Consequently, the findings are at times inconsistent. A range of secondary

preventive approaches that have been examined include pharmacological strategies (e.g.,
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Shalev et al., 2012; Stein et al., 2018), sleep-based interventions (e.g., Kleim et al., 2016), and
cognitive interference tasks targeting memory consolidation (e.g., Holmes et al., 2019). The
results of these studies have been found to be overall variable and inconsistently replicated.
Moreover, the prevention literature further indicates that trauma-focused protocols are not
uniformly beneficial. Routine single-session psychological debriefing delivered shortly after
trauma exposure has not demonstrated preventive benefit and has raised concerns about
potential adverse effects (Bisson & Andrew, 2007; Rose et al., 2002). By contrast, early multi-
session trauma-focused interventions, most notably trauma-focused (cognitive) behavioural
therapy delivered to individuals with acute stress symptoms or early PTSD, have shown modest
benefits when applied in indicated, high-risk samples (e.g., Roberts et al., 2019; Schneider et
al., 2025). Taken together, the prevention literature is characterised by substantial heterogeneity
across intervention protocols and methodological features, which complicates cross-study

comparability and likely contributes to variability in observed effects.

Although there is robust evidence on the diagnostic validity of PTSD assessments and the
efficacy of PTSD treatment, the engagement and outcomes often vary markedly between
individuals (Herzog & Kaiser, 2022). This lack of convergence between average evidence and
person-specific responses is not unique to PTSD, as it is a widely discussed phenomenon across
medicine and psychology when complex health conditions are treated via one-size-fits-all
approaches (broadly discussed in Angus & Chang, 2021, Fisher et al., 2018). This has prompted
attention to be paid to the impact of individual differences on assessment and treatment.
Moreover, it has facilitated the development and evaluation of personalised and precision-care
frameworks (Hamburg & Collins, 2010), with early exemplars being drawn from the field of
cancer prevention and treatment. Moreover, in the last decades, there has been an increasing
emphasis on individualised approaches in the domain of psychotherapy research and practice
(Lutz, 2002; Zipfel et al.,, 2024). Indeed, there is growing evidence that suggests that
personalised treatment is an effective strategy for enhancing outcomes in psychotherapy. It has
been shown that incorporating patients’ treatment preferences into shared decision-making,
particularly by matching patients to their preferred intervention when feasible, is associated
with lower dropout rates and slight improvements in therapeutic outcomes (Markowitz et al.,
2016; Swift et al., 2011). A recent meta-analysis across diverse personalised psychological
interventions reported a small but significant advantage of personalised psychotherapy over
standardised treatment approaches (d = 0.14, 95% CI [.08, .20]; p < .001; Nye et al., 2023).

Overall, these developments reflect a gradual move away from strictly disorder-focused,
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categorical one-size-fits-all approaches toward more dimensional and integrative frameworks
for prevention, diagnosis, and treatment of psychological disorders. Across research traditions,
these frameworks are variously conceptualised and labelled as “individualised”, “personalised”,
“precision” psychotherapy. While these labels slightly differ in emphasis and terminology, they
converge on the shared goal of integrating evidence across mechanisms, patient characteristics,
preferences, and context, to optimise diagnostics, clinical decision-making and intervention. In
the context of PTSD, such an integrative approach preserves insights from mechanism-based
research, most prominently on memory-related core mechanism PTSD while systematically
incorporating patient-specific internal factors (e.g., biological and neurophysiological factors,
and psychological and cognitive—emotional factors) and external contextual factors (e.g.,
environmental and social factors, and psychological and cognitive—emotional factors) into a
holistic framework (cf. Cohen, Delgadillo & DeRubeis, 2021). A growing body of research
supports that integrating memory-based aetiological models with empirical evidence on
contextual risk and protective factors represents a promising avenue for improving diagnostics
and treatment in PTSD (Herzog & Kaiser, 2022). In the present thesis, this integrative
framework is referred to as “context-sensitive psychotherapy” (adapted to “culture-sensitive

psychotraumatology”; Schnyder et al., 2016).

Contemporary revisions of diagnostic classification systems, most notably the
introduction of the International Classification of Diseases, 11th edition (ICD-11; World Health
Organization [WHO], 2018) continue to emphasise the core symptoms of PTSD (i.e., re-
experiencing, avoidance, and a persistent sense of current threat), while similarly placing
greater conceptual weight on the nature and context of trauma exposure (WHO, 2018). A key
innovation of the ICD-11 is the formal distinction between PTSD and Complex PTSD
(CPTSD), thereby explicitly acknowledging differences in trauma type (e.g., single-incident
versus prolonged or repeated interpersonal trauma), symptom profiles, and clinical presentation
(Brewin et al., 2017, WHO, 2018). The transition from ICD-10 to ICD-11 can thus be
understood as reflecting a more context-informed diagnostic framework that accounts for
heterogeneity in traumatic experiences and their psychological sequelae. At the psychometric
level, this development is accompanied by an increasing focus on contextual and ecological
validity in diagnostic research. Recent studies have examined the measurement invariance of
widely used PTSD instruments (e.g., PCL-5, CAPS-5) across populations, trauma types, and
cultural-linguistic contexts (see Armour et al., 2016; Forkus et al., 2023 for overview). Thus

the primary aim of this line of work is to ensure that diagnostic tools capture the latent construct
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of PTSD comparably across contexts, thereby improving diagnostic accuracy in heterogeneous

populations.

Moreover, this integrative framework is increasingly reflected in contemporary
approaches to treatment development and implementation. Early efforts to operationalise
contextual sensitivity in PTSD care were often pursued through stratified (subgroup-based)
psychotherapy, aiming to match established evidence-based interventions to patients with
shared characteristics such as age, gender, comorbidity profiles, or occupation, hypothesised to
influence treatment response. However, the evidence for prescriptive effects remains mixed (cf.
Chapter 1.1.4). Particularly prominent in research are stratified approaches on occupational
subgroups (e.g., Mackoff, Lennox, & Torchalla, 2025), such as among first responders,
healthcare workers and military personnel (e.g., Kanstrup et al., 2024; Litz et al., 2018;
Skeffington et al., 2016). In these cases, explicit consideration is given to trauma type, exposure
patterns, organisational culture, and service-related delivery constraints delivering
interventions (cf. Torchalla & Lennox, 2025). Tailoring PTSD treatment to individual strengths,
resources, and contextual constraints appears particularly relevant for severely affected and
hard-to-reach populations, such as refugees with PTSD (see Hook et al., 2021). More recent
approaches extend this line of work by explicitly recognising that patients’ needs and contextual
constraints that may change during treatment. Accordingly, adaptive and data-informed
strategies have been currently developed that draw on patient-specific trajectories to optimise

treatment sequencing, intensity, or modality in a flexible manner (e.g., Sripada et al., 2023).

Furthermore, adjunct interventions are conceptualised to enhance the context-sensitivity
in trauma-focused care. Based on positive clinical experience in inpatient settings German S3
guideline for PTSD recommends for example occupational therapy, art therapy, music therapy,
body- and movement-based therapies, and physiotherapy as adjuncts to trauma care (Schéfer,
Becker et al., 2019) In parallel, a broad range of adjuncts is being evaluated alongside TFP or
pharmacotherapies, including aerobic exercise, mindfulness-based interventions,
neurofeedback, non-invasive brain stimulation, and pharmacological agents intended to
facilitate learning or memory processes during exposure-based treatment (“cognitive
enhancers”) (e.g., Bryant et al. 2023; Craske et al., 2014). However, the available evidence on
these adjuncts remains heterogeneous (Michael et al., 2019; Michael et al., 2020) and, overall,
does not yet allow clear conclusions about which adjuncts provide clinically meaningful

incremental benefit for which patients, under which contextual conditions.
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Finally, there is limited research on individualised PTSD prevention. While there is some
evidence that individualised prevention measures in certain high-risk situations (e.g., among
first responders) can facilitate recovery, there is insufficient robust data to recommend these
prevention strategies for the general population (Qi et al., 2016). Similarly, although adjunct
preventive interventions such as mindfulness or yoga have favourable safety profiles, the
evidence for their effectiveness as preventive strategies remains sparse and inconclusive (Niles
et al., 2018). Unlike the comparatively robust evidence base for PTSD diagnosis and treatment,
the current data are insufficient to support context-sensitive, individualised post-trauma
prevention. This highlights the fact that prevention is a relatively underdeveloped component

of context-sensitive mental health care.

2. Classification of the Dissertation in the Current Research Context

Taken together, the preceding chapters suggest that research on PTSD prevention,
diagnostic assessment, and treatment has, for much of the past two decades, primarily
emphasised disorder-focused assessments and interventions. A substantial body of research has
yielded robust average effects, thereby implicitly encouraging the assumption of broad

applicability and supporting one-size-fits-all models of posttraumatic care (Cloitre et al., 2015).

2.1. Gap of Research

As previously outlined, the efficacy of secondary prevention varies considerably, and
systematic syntheses remain limited. In the specific domain of post-trauma sleep, that is often
proposed as a preventive approach, findings are inconsistent. current evidence is largely drawn
from a small set of analogue-trauma studies und existing meta-analyses neglect individual
participant data (IPD). This prevents both a more in-depth analysis of the effects on post trauma
symptoms and moderator analyses. A more comprehensive synthesis comparing post-trauma
sleep with wakefulness across the full analogue evidence base, ideally using IPD, is needed to

clarify early PTSD-relevant mechanisms and inform early secondary prevention.

PTSD assessment instruments, on average, demonstrate robust psychometric properties
and are widely used in various settings. However, the routine use assumes equivalence of the
assessment across cultures and contexts, even though many widely used assessment instruments

were developed primarily in Western contexts. In light of converging global crises (e.g.,
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pandemics, geopolitical instability and economic strain), which increase forced displacement
and trauma exposure, concerns about the comparability of PTSD severity across languages and
cultures have become more salient. Consequently, the cross-cultural validity of conventional
measures should be critically evaluated, and recent work on measurement invariance highlights
the importance of accounting for context-specific differences in PTSD diagnosis. Recent
advances in research on measurement invariance support the argument that context-specific
differences should be taken into account in PTSD diagnostics. Accordingly, observed cross-
context differences in PTSD symptom levels and prevalence estimates may partly reflect
measurement non-equivalence (i.e., lack of measurement invariance across language versions),
which can bias mean comparisons and other between-group inferences, rather than indicating
true differences in latent severity (e.g., Ziegler & Bensch, 2013). However, measurement
invariance testing has not yet been established sufficiently, limiting confidence in the
equivalence of PTSD severity scores across different contexts. Consequently, the validity of

cross-group comparisons remains limited.

Despite the strong evidence for the efficacy of TFP, which are recommended as a first-
line treatment for PTSD, significant limitations persist in highly distressed populations. In
patients characterised by a high comorbidity rate, ongoing psychosocial stress, and unstable
living conditions, the implementation and engagement of TFP is often difficult (Hook et al.,
2021; Schick et al., 2018), because it may contribute to higher dropout and persistent clinically
relevant symptoms in a substantial subgroup (Bradley et al., 2005; Edwards-Stewart et al.,
2021; Lewis et al., 2020). Adjunct interventions have therefore been proposed to enhance
trauma-focused care, but the evidence remains heterogeneous and overall limited (Michael et
al., 2019; Michael et al., 2020). Moreover, adjunct effects are often evaluated using mean
symptom change, which may fail to detect small yet clinically significant benefits and process
outcomes such as acceptability, adherence, and retention are frequently underemphasised
(Lewis et al., 2020). Consequently, final conclusions about the additive value of adjuncts remain
difficult, underscoring the need for studies that jointly evaluate clinical effects and feasibility

of adjuncts to TFP in high-risk populations (Michael et al., 2019; Schick et al., 2018).

Overall, a substantial body of research has been conducted, providing a robust evidence
base for standardised diagnostic assessments and treatments for PTSD, that has initially led to
their widespread implementation. Nevertheless, the evidence is frequently presented as average
effects. Moreover, the variability in the feasibility and accuracy of PTSD assessment and

treatment, as well as in the heterogeneity in treatment response across posttraumatic stages and
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populations indicates that a one-size-fits-all approach remains inadequate (see. Fisher,
Medaglia & Jeronimus, 2018). In a similar vein, this theory is supported by evidence
demonstrating that contextual factors can impact measurement accuracy and treatment effects.
However, research that explicitly integrates mechanism-focused approaches (e.g., trauma-
memory processes) and contextual determinants, while examining how contextual risk and
protective factors shape measurement accuracy and treatment effects, remains comparatively
rare. Consequently, it is currently difficult to establish which diagnostic assessments and
interventions are most valid, feasible and beneficial for whom and under which contextual
conditions. This issue is particularly salient given the rising incidence of trauma exposure
stemming from converging global crises, which has been shown to increase the risk of PTSD
in diverse populations (Smith et al., 2023). Providing more context-sensitive approaches could

address this issue and mitigate the potential increase in prevalence.

2.2. Aims and Research Question

Taking this into consideration, the present dissertation aims to address these research gaps
by applying a context-sensitive framework to derive implications for optimising the prevention,

diagnosis and treatment of PTSD across different settings and populations.

Study 1 is situated within a literature characterised by heterogeneous and partly
contradictory findings on whether sleep in the immediate aftermath of (analogue) trauma
reduces subsequent intrusive re-experiencing. To synthesise this evidence while explicitly
accounting for between-study variability, we combined a conventional meta-analysis with an
IPD meta-analysis and examined moderators capturing differences in experimental paradigms,
sample characteristics, and outcome operationalisations. This approach provides a basis for
identifying contextual and methodological conditions that may shape observed effects and for

refining implications for early post-trauma prevention research in PTSD.

Study 2 examines the validity of a widely used PTSD screening instrument in the context
of linguistic and cultural heterogeneity. Using measurement invariance analyses , the study tests
whether the Arabic and German versions of the PCL-5 capture the same latent construct and to
what extent score interpretations are comparable across groups, thereby informing whether, and
at which level of measurement invariance (configural, metric, threshold, scalar), context-
sensitive adaptations or psychometric safeguards are warranted for valid clinical decision-

making.
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Building on concerns that one-size-fits-all treatments for PTSD do not adequately address
its heterogeneity and complexity, nor the individual needs of patients (Cloitre, 2015), Study 3
is conceptualized as the study protocol of a RCT examining the effect of moderate-intensity
aerobic exercise training (MAET) as an adjunct to NET in traumatised refugees and asylum
seekers, a population that is characterised by substantial contextual and clinical complexity.
Thus Study 3 outlines the rationale, design, randomisation procedure, intervention arms, and
primary and secondary outcomes, thereby providing the methodological foundation for
examining whether MAET can be meaningfully integrated as an adjunct into routine trauma-

focused care for high-risk population.

Study 4 builds on the RCT protocol outlined in Study 3 and analyses preliminary pre—post
(to—t1) outcome data on general psychological distress, PTSD symptom severity, depressive
symptoms, and sleep quality. Retaining the core aim of Study 3, it evaluates whether MAET
confers incremental benefit as an adjunct to NET in traumatised refugees and asylum seekers,
compared with NET delivered as monotherapy. By applying multilevel and Bayesian modelling
alongside exploratory moderator analyses, Study 4 refines the evaluation of the incremental
effect of MAET as an adjunct to NET. This methodological approach aims to account for inter-
individual variability in treatment response. Furthermore, it offers preliminary insights into
patient- and context-related characteristics that may moderate the adjunct effect. Consequently,
the results of Study 4 may be instrumental in the formulation of context-sensitive augmentation

strategies for TFP in severely distressed populations, such as refugees and asylum seekers.
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3. Study 1: To sleep or not to sleep, that is the question: A systematic review and meta-analysis

on the effect of post-trauma sleep on intrusive memories of analog trauma?

Schifer, S. K., Liider, C. C., Porcheret, K., Hu, X., Margraf, J., Michael, T., Holmes, E. A., Werner, G. G.,
Wilhelm, 1., Woud, M. L., Zeng, S., Friesen, E., Haim-Nachum, S., Lass-Hennemann, J., Lieb, K., Kunzler,
A. M., Wirth, B. E. & Sopp, M. R. (2023). To sleep or not to sleep, that is the question: A systematic review
and meta-analysis on the effect of post-trauma sleep on intrusive memories of analog trauma. Behaviour

Research and Therapy, 167, 104359. DOI 10.1016/j.brat.2023.104359

3.1. Abstract

Distressing intrusive memories of a traumatic event are one of the hallmark symptoms of
posttraumatic stress disorder. Thus, it is crucial to identify early interventions that prevent the
occurrence of intrusive memories. Both, sleep and sleep deprivation have been discussed as
such interventions, yet previous studies yielded contradicting effects. Our systematic review
aims at evaluating existing evidence by means of traditional and individual participant data
(IPD) meta-analyses to overcome power issues of sleep research. Until May 16%, 2022, six
databases were searched for experimental analog studies examining the effect of post-trauma
sleep versus wakefulness on intrusive memories. Nine studies were included in our traditional
meta-analysis (8 in the IPD meta-analysis). Our analysis provided evidence for a small effect
favoring sleep over wakefulness, log-ROM = 0.25, p <.001, suggesting that sleep is associated
with a lower number of intrusions but unrelated to the occurrence of any versus no intrusions.
We found no evidence for an effect of sleep on intrusion distress. Heterogeneity was low and
certainty of evidence for our primary analysis was moderate. Our findings suggest that post-
trauma sleep has the potential to be protective by reducing intrusion frequency. More research
is needed to determine the impact following real-world trauma and the potential clinical

significance.

2 Note. Additional information (e.g., analytic code, materials) on this systematic review can be found at the Open
Science Framework: https://osf.io/j2av3/); In this dissertation, the Supplementary Materials for Study 1 are
provided in Appendix A.
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3.2. Background

The majority of the world’s population will experience at least one potentially traumatic
event during their lifetime (e.g., physical or sexual assault, natural disasters, war; Kessler et al.,
2017). Following trauma, up to 59% of survivors experience stress-related symptoms (Kliem
& Kroger, 2013). In most survivors, these symptoms remit naturally over time. However, a
significant subgroup (15-30%) experiences ongoing and chronic stress-related symptoms,
manifesting in the form of posttraumatic stress disorder (PTSD; Kessler, Sonnega, Bromet,
Hughes, & Nelson, 1995). PTSD is characterized by spontaneous, involuntary (intrusive)
memories of the traumatic event, which are highly distressing, vivid, and feature “here and
now” quality (i.e., events seem to be happening in the present). By continuously intruding into
the everyday life of trauma survivors, intrusive memories lead to a sense of continuous threat
and are hypothesized to trigger hyperarousal (e.g., irritability, sleep disturbances) and avoidance
of trauma reminders (i.e., self-isolation; Ehlers & Clark, 2000). This hypothesis is supported by
longitudinal research showing that early intrusion characteristics (e.g., frequency, distress;
Kleim, Graham, Bryant, & Ehlers, 2013; Michael, Ehlers, Halligan, & Clark, 2005) predict
persistent PTSD symptoms making them one of the hallmark symptoms of PTSD (Iyadurai et
al., 2019).

PTSD patients experience on average 17 intrusive memories over one week (Pfaltz,
Michael, Meyer, & Wilhelm, 2013). This high symptom frequency results in severe decrements
of functioning (Alonso et al., 2010), comorbid physical (e.g., cardio-respiratory diseases) and
mental disorders (e.g., depression), and impairments of quality of life (Alonso et al., 2004;
Olatunji, Cisler, & Tolin, 2007). Critically, many patients (48-82%) experience a chronic course
of PTSD, retaining their diagnosis for decades (Perkonigg et al., 2005; Zlotnick et al., 2004).
Research efforts are thus focused on developing effective prevention strategies, which can be

deployed in proximity to the traumatic event.

To divert the path from early intrusive memories to persistent PTSD, intervention
strategies target at their underlying memory processes (Iyadurai et al., 2018, 2019; Pace-Schott,
Seo, & Bottary, 2023). According to the cognitive model of PTSD (Ehlers & Clark, 2000),
intrusive memories arise from the impact of traumatic stress on memory formation. That is,
traumatic stress is proposed to enhance data-driven processing (i.e., bottom-up processing that
relies heavily on perceptual and sensory information) which, in turn, strengthens associative
learning and reduces the elaboration of explicit trauma memories as well as the integration of

the trauma into the autobiographical memory system. As a result, trauma reminders trigger
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implicit - but not explicit - memory recall, facilitating the emergence of spontaneous,
involuntary trauma memories. Moreover - due to the deficient explicit recall - trauma survivors
lack awareness that their current sensory impressions derive from a past event (i.e., autonoetic
awareness). In a similar vein, Brewin, Gregory, Lipton, and Burgess (2010) propose that
traumatic stress reduces the formation of contextual representations of the traumatic event,
which impairs voluntary, explicit memory retrieval. Conversely, they suggest that stress
enhances the formation of sensory representations, which drive intrusive trauma memories.
Intrusion development is assumed to be further facilitated by weak contextual representations,
which fail to exert top-down control over strong sensory representations (Bisby & Burgess,

2017).

Based on these models, prevention strategies have been focused on reducing implicit
(sensory) trauma memories and strengthening explicit (contextual) trauma memories in the
post-encoding stage by targeting either consolidation or reconsolidation processes (Deeprose,
Zhang, DeJong, Dalgleish, & Homes, 2012; Herlyck, Bisby, King, & Burgess, 2019; Krans,
Néring, Holmes, & Becker, 2009). One line of research has specifically focused on a prolonged
stage of consolidation, referred to as ‘systems consolidation’ (Kleim, Wysokowsky, Schmid,
Seifritz, & Rasch, 2016). During systems consolidation, new memory representations are
redistributed from short-term storage in the hippocampus to neocortical long-term stores
(Diekelmann & Born, 2010). This process is assumed to occur during sleep. Accordingly,
research shows that sleep - as opposed to wakefulness - enhances the retention of previously
acquired emotional memories (Sopp, Michael, & Mecklinger, 2018). These effects are evident
across different memory domains but are most pronounced for episodic memories, facilitating
explicit, contextually rich memory recall (Atienza & Cantero, 2008; Drosopoulos, Wagner, &
Born, 2005). However, specific studies also found the opposite pattern, indicating that a lack of
sleep reduces implicit fear memories without affecting explicit memory recall (Kuriyama,

Soshi, & Kim, 2010).

On a neurophysiological level, memory redistribution is assumed to occur during slow
wave sleep (SWS), mediated by the propagation of slow oscillations and sleep spindles
(Diekelmann & Born, 2010). However - in the context of emotional memory consolidation -
empirical findings also suggest an involvement of rapid eye movement (REM) sleep (Hutchison
& Rathore, 2015; Schifer et al., 2020). Consonantly, REM theta activity (4—7 Hz) - the
oscillatory signature of REM sleep - has been shown to correlate with post-sleep emotional

memory performance (Nishida, Pearsall, & Walker, 2008; Sopp, Michael, Weess, &
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Mecklinger, 2017). Beyond sleep’s impact on memory retention, studies have also indicated
that consolidation processes occurring during sleep may affect the emotional tone of memories.
On the one hand, these processes have been suggested to reduce the affective tone of emotional
memories (van der Helm & Walker, 2009). On the other hand, empirical findings have found
sleep to preserve or even intensify the affective charge associated with emotional stimuli (Jones

& Spencer, 2019; Pace-Schott et al., 2011).

Based on these findings, researchers have considered sleep after trauma as a potential
target for reducing intrusive trauma memories (Pace-Schott et al., 2023). However, in light of
the heterogeneity of empirical findings, the underlying assumptions and suggested interventions
differ dramatically. One line of research (Kuriyama et al., 2010; Porcheret, Holmes, Goodwin,
Foster, & Wulff, 2015) hypothesizes that sleep-related consolidation mechanisms strengthen
implicit memory processes, thereby facilitating intrusion development after trauma.
Consequently, sleep deprivation during the night after trauma is proposed as a prevention
strategy (Cohen et al., 2023). Another line of research (e.g., Kleim et al., 2016; Sopp, Brueckner,
Schéfer, Lass-Hennemann, & Michael, 2019; Zeng, Lau, Li, & Hu, 2021) suggests that - by
selectively strengthening explicit rather than implicit trauma memories - sleep may reduce
intrusion development. These effects are assumed to emerge because facilitating explicit,
contextually rich recall should - in turn - inhibit stimulus-driven reactivation of sensory
representations (Bisby & Burgess, 2017). Moreover, explicit contextually rich recall supports
autonoetic awareness, which may prevent the “here and now” quality of any arising intrusions
(Ehlers, 2010). Based on these assumptions, interventions promoting restful post-trauma sleep

are proposed to reduce intrusions, and thereby the development of persistent PTSD symptoms.

So far, experimental research on the effects of post-trauma sleep on PTSD symptoms is
limited to studies from the field of experimental psychopathology that employ different variants
of the analog trauma paradigm. This paradigm involves exposing non-clinical participants to
aversive stimuli (e.g., film clips or aversive pictures; Holmes & Bourne, 2008; James et al.,
2016). These materials contain scenes depicting highly stressful or traumatic events (i.e., actual
or perceived threat and serious injuries; American Psychiatric Association, 2022), which cause
significant distress in most people. Many studies showed that exposure to such materials
reliably elicits PTSD-like symptoms (e.g., intrusive memories, physiological arousal, negative
cognitions; James et al., 2016), which normally reside after a few days. The analog trauma
paradigm provides a tool for studying cognitive, emotional and memory processes involved in

the onset and persistence of PTSD symptoms under controlled laboratory conditions. Moreover,
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it allows examining potential targets of PTSD prevention and treatment (e.g., sleep
manipulations). Beyond the advantage of high experimental control, previous research points
to weaknesses of analog paradigms including ethical issues (Jaffe, DiLillo, Hoffman, Haikalis,
& Dykstra, 2015; but see: Stirling, Nixon, & Takarangi, 2023) and a lack of ecological validity,
preventing a transfer to real-world trauma (James et al., 2016). However, to date, analog trauma
is the most widely used experimental paradigm to study processes involved in PTSD
development and persistence, with a considerable number of successful translations to the
clinical setting (Iyadurai et al., 2019; Woud et al., 2021). Also, in studies on the potential impact
of post-trauma sleep, these studies allow for highest experimental control and are thus able to
provide insights on underlying memory processes when real-world studies using experimental
designs are not yet available. Moreover, real world studies on this topic bring about several
(ethical and practical) issues, most prominently acceptance of acutely traumatized individuals
to wear polysomnography devices and to be randomized to a sleep deprivation intervention
(Repantis et al., 2020). Hence, it is important to finetune such interventions in a non-clinical

setting, prior to attempting replication in the context of real-world trauma.

Two recently published reviews (Davidson & Marcusson-Clavertz, 2023; Larson,
Schapiro, & Gehrmann, 2023) quantitatively summarize available evidence on the effects of
post-trauma sleep on intrusive memories of analog trauma, both finding a small favorable effect
of sleep over wakefulness on the number of intrusive memories (SMD = 0.26 in Davidson &
Marcusson-Clavertz, 2023, based on 367 participant from 6 studies; SMD = 0.29 in Larson et
al., 2023, based on 437 participants from 8 studies), and no effect of sleep for intrusion-related
distress (SMD = —0.14 in Davidson & Marcusson-Clavertz, 2023). However, both reviews
suffered from the small number of primary studies (with small sample sizes per study) and the
unavailability of individual participant data (IPD), which prevented both a more in-depth
analysis of the effects on intrusion frequency and intrusion distress as well as moderator
analyses examining divergent findings from primary studies. The present systematic review
aimed at addressing these gaps to shed further light on the effects of post-trauma sleep compared
to wakefulness on intrusive memory based on the whole body of available evidence from

experimental analog studies.

For this summary, researchers of the field have provided primary datasets of their studies,
which were analyzed on study level (traditional meta-analysis based on aggregated data) and
on participant level (IPD meta-analysis). While most systematic reviews and meta-analysis rely

on aggregated (or summary) data extracted from published primary studies, IPD analyses use
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original data from primary studies, which are re-analyzed in a combined model (Tierney,
Stewart & Clark, 2022). These analyses have the potential to improve the quality of data and
produce more reliable results (Stewart & Tierney, 2002). Among the greatest advantages of IPD
analyses is their potential to examine participant-level moderators. While meta-analyses on
aggregated data only examine the moderating effects of sample averages (e.g., mean sample
age, gender balance per sample), [IPD analyses have the potential to examine the association of
participant-level moderators with individual-level effect estimates (Cuijpers et al., 2022). This
is particularly promising in fields requiring high resources like sleep research, where statistical
power in primary studies is often insufficient for complex statistical models and to examine

participant-level moderators.

In our review, we replicate findings from Davidson and Marcusson-Clavertz (2023) as
well as Larson et al. (2023) by means of traditional meta-analysis. However, beyond these
traditional analyses, we conducted IPD analyses differentiating the involvement of sleep in the
onset of intrusions (any vs. no intrusive memories) and the severity of intrusive memories
among those who experience intrusions. In line with state-of-the-art approaches (Franke et al.,
2021), we modelled two parameters; one estimating the probability of not experiencing
(i.e. zero) vs. experiencing (i.e. non-zero) intrusions/intrusion distress; and the other estimating
intrusion (distress) severity for individuals with intrusions >0 (see Figure 3.1). Thereby, we
provide insights into the question of whether sleep may protect trauma-exposed individuals
from the experience of any intrusive memory and/or might reduce the severity of intrusions
among those who are sensitive to potentially traumatic events. Moreover, we combine our
quantitative analyses with an in-depth qualitative summary focusing on associations of sleep
physiology and intrusive memory as well as on potentially underlying processes in implicit and
explicit memory of (analog) trauma. Thereby, our review aims at summarizing what is known
and what is still unknown on the effects of post-trauma sleep on intrusive memories in order to

path the way for future research in the field.

3.3. Methods

This systematic review was prepared in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Page et al., 2021) and
recommendations for reporting IPD meta-analysis (Stewart et al., 2015). The review was

registered retrospectively on the Open Science Framework (OSF; registration
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https://doi.org/ 10.17605/OSF.I0/4DH2V, link to OSF project: https://osf.io/j2av3/), where we
also provide the protocol, materials and aggregated data relevant to this review. Changes from

registration to final review were only minor and are presented in Supplementary Material (A1).

Figure 3.1

Schematic illustration on the processes involved in the onset of intrusions. Post-trauma sleep
could potentially impact on both, the likelihood of experiencing any versus no intrusion
(process 1) and the severity of intrusions among those experiencing intrusive memories

(process 2)
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Literature search. Relevant search terms were identified by the research team to cover
the most frequently used terms in the literature. Using these terms, a literature search based on
title, abstract, and keywords was performed in six databases: EBSCOhost (PsycINFO and
PsycARTICLES), PTSDpubs, PubMed, Scopus, and Web of Science (see Supplementary
Material [A2] for search strings). Moreover, reference lists of included studies and related
reviews were checked for eligible studies (Azza, Wilhelm, & Kleim, 2020; Davidson &
Marcusson-Clavertz, 2023; Larson et al., 2023). Additionally, authors of studies included in the

IPD analyses were asked if they were aware of other (un)published studies meeting our
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inclusion criteria. A date-of-publication criterion was not defined. The most recent literature

search was run on May 16th, 2022.

Selection criteria. Studies meeting the following criteria were included: 1) The
experimental study reported on a sample that encoded aversive visual stimuli (e.g., trauma film,
aversive pictures). 2) One group of participants subsequently underwent a post-trauma (or post-
aversive stimuli) sleep opportunity, while another group stayed awake during the daytime or
was exposed to (partial) sleep deprivation during the nighttime (e.g., REM sleep deprivation).
3) Following sleep or wakefulness, the frequency of intrusive memories was assessed using an
intrusion diary or a laboratory intrusion assessment (e.g., intrusion triggering task®). 4)
Participants were mentally healthy adults. Samples were excluded if 1) they exclusively
investigated the effect of sleep in the context of specific memory tasks (e.g., think-no-think
paradigm), or 2) the necessary data for effect size calculation were not available by May 16,
2022 (for the meta-analysis on aggregated data) or December 31%, 2021 (for IPD meta-

analysis).

Study selection. Authors CL, EF, and SKS screened titles/abstracts and full texts in
duplicate for inclusion eligibility. The interrater agreement achieved for inclusion/exclusion
decisions was excellent, kappa = 1.0 at both levels. Corresponding authors of all eligible studies
were contacted and asked to provide raw data from their study to perform the IPD meta-

analysis.
Data Extraction.

Meta-analysis on aggregated data. Using a standardized Excel form, data for each study
was extracted by two independent coders (CL, EF). The interrater agreement for extracted data
was excellent, kappa = 1.0 for ns, Ms, and SDs. Data on intrusion distress were coded as a
secondary outcome. For intrusion distress, we adopted the definition used in the original studies
(e.g., Porcheret et al., 2015; participants were asked to rate the level of distress experienced
with the intrusion from 0 = “not at all” to 10 = “extremely”). The only exception was the study

by Werner, Schabus, Blechert, and Wilhelm (2021), for which aversiveness ratings served as an

® The intrusion triggering task (ITT) is a paradigm that simulates intrusive memories triggered by trauma reminders
in everyday life of PTSD patients. During the ITT, auditory fragments of the aversive picture stories are presented
while participants are engaged in an ongoing task (e.g., face rating test unrelated to the aversive material). While
participants performed the rating, task sentence fragments from the picture stories or from an unrelated source are
presented via headphones. Participants are instructed not to pay attention to these sounds. After the task ends,
participants are asked to indicate the number of intrusions that they had experienced during the task. For more
details see: Sopp et al. (2019); Sopp et al. (2021); Streb et al. (2017); Wegerer et al. (2013)
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index of intrusion distress. Other coded variables were related to study characteristics (e.g., type
of wake group) or sample characteristics (e.g., participants’ mean age, percentage of female

participants).

Individual participant data meta-analysis. Two independent team members (CL, student
research assistant) extracted IPD based on generic standardized Excel forms and integrated
single study datasets into one individual participant dataset. All disagreements between coders
were resolved through discussion or consultation of a third reviewer (RS, SKS), and in unclear
cases, study authors were contacted to provide additional information. All data were checked
for integrity by one team member (e.g., data for primary and secondary outcomes within
reasonable range, consistent reporting of covariates), with no evidence for issues with data

quality.
Data Synthesis.

Qualitative synthesis. We performed a narrative synthesis of study findings on intrusion
frequency and intrusion distress. For this purpose, we clustered studies based on different study
designs: 1) sleep versus total sleep deprivation during nighttime; 2) sleep versus wakefulness
during daytime (and nighttime); 3) sleep versus partial sleep deprivation during nighttime; and
4) nap vs. wakefulness. Subsequently, we summarize associations between sleep physiology
and intrusions narratively and report on effects on explicit and implicit trauma memory based
on the differentiation proposed by Kuriyama et al. (2010). The narrative synthesis was

performed by the last author (RS) and was checked by the first author (SKS).

Quantitative synthesis. Combining meta-analysis on aggregated data and IPD, our
analyses compared results from data reported in individual studies (i.e., meta-analysis on
aggregated data) and those obtained from multilevel analyses (i.e., IPD meta-analysis). The
former allowed for the inclusion of all eligible studies, while the latter allowed for modeling
two processes (i.e., occurrence of intrusions and severity of intrusions) and participant-level
moderators (e.g., participants’ age, gender; Mathew & Nordstrom, 2010). All analyses were
performed in R version 4.1.3 (R Core Team, 2020). Analytic code and aggregated data are
available at the OSF (https://osf.io/j2av3/). Due to data privacy reasons, data for the IPD

analyses will be made available upon reasonable request by the study authors.

Manipulation check for negative mood. First, we used IPD to check whether the
exposure to analog trauma resulted in a significant increase in negative mood. This analysis

was performed using the R package Ime4 (Bates, 2010) and employed a multilevel model with
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time and group as fixed effects and a random intercept and slope for study. We expected
negative mood to increase from pre-to-post exposure to the traumatic material, without any

difference between experimental groups (i.e., sleep vs. wake group).

Meta-analysis on aggregated data. Meta-analyses on aggregated data were performed
using the R package metafor (Viechtbauer, 2010). To mirror findings from a meta-analysis
solely based on published findings, these analyses used data reported in published articles (e.g.,
Ms reported in a table of the publication). Ms and SDs were only calculated from IPD in case

no other information was available.

Effect size calculation. For effect size calculation, experimental groups per study
were chosen to be as similar as possible across studies. In case there was more than one
condition relevant to our research question, they were either combined or we selected the one
that is most comparable to other studies. As most of the studies did not comprise more than two
conditions, we decided not to use multilevel meta-analyses (van den Noortgate, Lopez-Lopéz,
Marin-Martinez, & Sénchez-Meca, 2015). The meta-analyses used log-transformed ratio of
means (log-ROMs) and corresponding sampling variances as effect size measures (Friedrich,
Adhikari, & Beyene, 2011), with positive log-ROMs indicating that intrusion frequency or
distress were lower in the sleep as compared to the wake group. For illustrative purpose, we
transformed log-ROMs to ROMs that express the percentage increase in the mean value of
intrusion frequency and distress of the wake group relative to the sleep group. We decided to
use log-ROMs instead of standardized mean differences (SMDs) as our IPD analyses revealed
that raw data for intrusion frequency and intrusion distress followed non-normal distributions
and recent simulation studies found non-normality from primary studies to bias SMD estimates
(Sun & Cheung, 2020). We used 95% confidence intervals (CIs) as indicator of significance.

For all analyses, we used forest plots for visualization.

Main analyses and heterogeneity. All analyses used maximum likelihood
estimations, weighted studies based on an inverse-variance approach, and relied on random-
effects models that allow for true between-study variance (Field & Gillett, 2010). Residual
heterogeneity of study effects was indicated by Cochran’s Q statistic (i.e., weighted sum of
squared differences between the observed effects and the weighted mean effect size, which can
be tested for statistical significance, whereby a significant Q statistics indicates substantial
heterogeneity), and /7, which expresses heterogeneity as percentage (0-100%; Higgins,

Thompson, Deeks, Altman, 2003). P reflects the proportion of variance that reflects true
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variance in effect sizes rather than sampling error (Borenstein, Higgins, Hedges, & Rothstein,
2017), with values of 50% and above indicating substantial between-study heterogeneity

(Deeks, Higgins, & Altman, 2022).

Outliers and influential cases. Outliers and influential cases were identified based
on studentized deleted residuals (SDRs), Cook’s distances (CD), and covariance ratios
(COVRATIO). SDRs below and above + 1.96, CD values > 0.45, and COVRATIOs <1 were
considered as outlier or influential case (Cook & Weisberg, 1982; Viechtbauer & Cheung,
2010).

Moderator analyses. The impact of study-level moderators (i.e., mean age, gender
distribution, number of follow-up assessments in days) was investigated by meta-regressions
for continuous variables, with significance being assessed using QM statistics. Subgroup
analyses for categorical moderators were not performed due to the small number of studies per

subgroup.
Meta-analysis on individual participants data.

Effect size calculation. Analyses followed a one-step approach, that is, analyses
were performed on a merged dataset containing all IPD with participants being clustered in
studies (Mathew & Nordstrom, 2010). [PD meta-analysis was performed using the R packages
GLMMapdative (Rizopoulos, 2019), glmmTMB (Brooks et al., 2017), and DHARMa (Hartig,
2020). We conducted separate multilevel analyses to examine the effect of sleep versus
wakefulness on intrusion frequency (Model 1, primary outcome) and intrusion distress (Model
2, secondary outcome). Intrusion frequency and intrusion distress were used as dependent
variables and group as independent variable. For intrusion frequency, we used the absolute
number of reported intrusions. For intrusion distress, we divided the severity of reported distress
levels by the number of intrusions, whose result was further divided by the range of distress
assessment (i.e., intrusion distress = [total score of reported distress/frequency of
intrusions]/range of distress assessment). This resulted in scores ranging from 0 to 1, with 1
indicating maximum distress for each intrusion on the respective scale. Participants who did

not experience any intrusion were removed from this analysis.

Model selection and diagnostics. All models were examined to fit our data based
on residual distributions (i.e., under- and overdispersion, zero-inflation, normal distribution
[Kolmogorov-Smirnov]; Borhan et al., 2020; Perumean-Chaney, Morgan, McDowall, & Aban,

2013). For intrusion frequency as count variable, our analyses used zero-inflated negative
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binominal models (see Supplementary Materials [A3] for details on model selection). For
intrusion distress as a continuous variable, we employed a hurdle model for semi-continuous
data. Those models allowed to differentiate two processes: First, the occurrence of any vs. no
intrusion/intrusion distress; and second, the number of intrusion or the severity of intrusion
distress (in cases where at least one intrusion/at least some distress was present; see Figure 3.1
for an illustration). All models allowed for random intercepts per study. The inclusion of random
slopes per study was evaluated based on the change in model fit using a likelihood ratio test

(LRT).
Outliers. Outliers were examined as part of the residual diagnostics.

Moderator analyses. We examined the effects of participant-level variables on the
intrusion frequency, intrusion distress and their interaction with the group (moderator effect).
The moderators include age, gender, depressive symptoms at baseline, and increases in negative
mood due to aversive stimuli. Cluster mean centering was applied for all participant-level

moderators.

Quantitative synthesis. Combining meta-analysis on aggregated data and IPD, our
analyses compared results from data reported in individual studies (i.e., meta-analysis on
aggregated data) and those obtained from multilevel analyses (i.e., IPD meta-analysis). The
former allowed for the inclusion of all eligible studies, while the latter allowed for modeling
two processes (i.e., occurrence of intrusions and severity of intrusions) and participant-level
moderators (e.g., participants’ age, gender; Mathew & Nordstrom, 2010). All analyses were
performed in R version 4.1.3 (R Core Team, 2020). Analytic code and aggregated data are
available at the OSF (https://osf.io/j2av3/). Due to data privacy reasons, data for the IPD

analyses will be made available upon reasonable request by the study authors.
Risk of bias assessment.

Publication bias. Results of meta-analyses may overestimate the true population effect
due to publication bias (DeVito & Goldacre, 2019). To reduce its potential impact, our search
also included grey literature (i.e., dissertations, preprints) and study authors were asked for
available unpublished data. Although the number of studies was small (k = 9), publication bias
was assessed on an exploratory basis for the meta-analysis on aggregated data using visual
inspection of funnel plots and rank correlation tests (Kendall’s 1) to examine their symmetry
(Egger, Smith, Schneider, & Minder, 1997). A significant rank correlation test provides

evidence for the presence of a publication bias. In addition, we used contour-enhanced funnel
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plots to examine if “missing” studies would fall into the area of non-significant findings (Peters,

Sutton, Jones, Abrams, & Rushton, 2008).

Internal risk of bias. Meta-analytical findings can be biased by insufficient study quality
such as flaws in study design, analysis, or reporting (Higgins et al., 2011). Since standard
internal-bias assessment checklists were not applicable, we used an adapted version of a quality
checklist developed for a meta-analysis on the impact of sleep on emotional memory (Schéfer
et al., 2020). The 11-item checklist is based on state-of-the-art criteria in sleep research
(e.g., study design, control of wake/sleep deprivation conditions). Study quality as indicator of
internal risk of bias was rated independently by two raters (CL, student research assistant).
Ratings could range between 0 and 1, with higher scores indicating better quality (i.e., lower
risk of bias). Meta-regression was used to statistically examine the impact of internal risk of

bias on the effect estimates.

Certainty of evidence. The certainty of evidence for intrusion frequency and intrusion
distress was assessed in duplicate using an adapted version of GRADE (Grading of
Recommendations, Assessment, Development and Evaluations; Schiinemann et al., 2022). We
used the internal risk of bias assessment described above for the GRADE domain “risk of bias”.
To assess imprecision, we calculated optimal information sizes based on standard
recommendations (Garcia-Alamino, Bankhead, Heneghan, Pidduck, & Perera, 2017). Certainty

of evidence can either be very low, low, moderate, or high.

Sensitivity analyses. To examine the robustness of our findings, we performed sensitivity
analyses investigating the impact of analytic decisions. We decided to use log-ROMs as effect
size measure of our meta-analysis. However, we re-ran our meta-analyses on aggregated data
using SMDs as check for robustness. Moreover, as statistical approaches varied between
primary studies (i.e., Poisson regressions; Porcheret et al., 2015; #-tests; Sopp et al., 2021), we
examined if our results from the IPD meta-analysis depended on modeling decisions. For this
purpose, we recalculated our analyses based on comparable distributions (i.e., intrusion

frequency: negative binominal hurdle model; intrusion distress: zero-inflated gamma model).

3.4. Results

Search results and study characteristics. The study selection procedure is illustrated in
the PRISMA flowchart (see Figure 3.2). Our search in six databases yielded 623 records, of

which 220 were removed as duplicates. Four-hundred-three records were screened at
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title/abstract level and another 184 records were identified via citation searching, with 10 being
assessed at full-text level. Nine studies were included in our review and our meta-analysis on
aggregated data (see Table 3.1); eight in our meta-analysis on IPD. Data of one study (Kleim et
al., 2016) could not be obtained for IPD meta-analysis. All studies were published between
2015 and 2021. Three studies (Porcheret et al., 2015; Porcheret al., 2019; Zeng et al., 2021)
examined the effects of sleep versus total sleep deprivation during nighttime. Two studies
investigated the effect of sleep versus wakefulness during the daytime (or daytime and
nighttime; Kleim et al., 2016; Sopp et al., 2021). Another two trials studied the effects of sleep
versus partial sleep deprivation during nighttime (Sopp et al., 2019; Werner et al., 2021) and
two studies examined the effects of nap sleep versus wakefulness (Wilhelm et al., 2021; Woud

etal., 2018).
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Figure 3.2

PRISMA Flowchart of the Study Selection Process
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Qualitative summary.

Effects on intrusion frequency and intrusion distress. Effects on intrusion frequency and
intrusion distress as reported in primary studies are summarized based on different study

designs.

Sleep versus total sleep deprivation during nighttime. Three studies investigated the
effect of total sleep deprivation versus sleep during the first night after analog trauma on
subsequent intrusive memories (Porcheret et al., 2015, 2019; Zeng et al., 2021). In the first
study on this subject, Porcheret et al. (2015) exposed participants to a traumatic film after which
they either returned home to sleep or underwent a full night of sleep deprivation in the
laboratory (see Table 3.1 for study characteristics). Results demonstrated significantly higher
intrusion frequencies in the sleep group than in the sleep deprivation group. These effects were
evident on the first two days after exposure to the trauma film including the period of acute
sleep deprivation. In addition, distress ratings as assessed by the Impact of Event Scale-Revised
(Weiss, 2007) were significantly higher in the sleep than in the sleep deprivation group. In a
follow-up study to their first experiment, Porcheret et al. (2019) reinvestigated the effects of
sleep as opposed to sleep deprivation on analog intrusions. Their design was largely identical
to their 2015 study with the exception that sleep deprivation was conducted at home rather than
at the lab. Analyses revealed different effects, depending on the inclusion of the high rate of
participants who slept to some extent in the sleep deprivation group. Without excluding these
participants, results did not reveal any consistent differences between groups. After their
exclusion, analyses showed significantly lower intrusion frequencies in the sleep group than in
the sleep deprivation group. No differences emerged for intrusion distress. Finally, using a
similar design, Zeng et al. (2021) reinvestigated the impact of sleep versus full night sleep
deprivation at the lab on intrusive memories of a traumatic film. Results showed fewer
intrusions in the sleep than in the sleep deprivation group but revealed no difference in intrusion

distress.
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Table 3.1 Study and Sample Characteristics of Studies Included in Meta-analysis on Aggregated Data

Stud Participants Hgleep, Mok, Age % Aversive stimuli Outcome Follow- jilerzrt)ion Sleep Sleep Sleep Results as Risk of
Y p (Mintrusion) (Mintrusion) M(SD)  female assessment  up (days) (min) design recording context reported bias’
1. Sleep vs. total sleep deprivation during nighttime
Trauma film (15-
mentally h.ealthy min compilatgon
::S;Igzejlviltgl;ﬁinr?g 1 of traumatic and IF/ID:
Porcheret . 21 18 21.53 distressing clips paper-and- Nocturnal IF: |;
etal, 2015 e’r‘“fe;nfl d‘u:‘al (7:81%)  (12:67%)  (1.95) %73 depicting scenes  pencil 6 NA sleep AG home ID: | low
preference, no like suicide, diary
participation in a bullying, injury
similar study cutting to the face)
Trauma film (15-
mentally healthy min compilatgon
ioll;iladlleﬂts Wlﬁlli ¢ of 11 traumatic IF/ID:
Porcheret N d s tep dquaitty 24 26 24.18 54.00 and distressing paper-and- 6 433.20 Nocturnal AG, PSG h IF: - (})% 1
etal,2019  an¢nocxireme (A7;71%)  (22;85%)  (3.73) : clips depicting pencil : sleep ome ID: - ow
diurnal preference, scenes of a car dia
no participation in a crash. self-harm Y
similar study and g,enoci de)
mentally and Trauma film (a IF/ID:
e healhy 14-min film of 9 online
Zeng ent §oirsllgc'(:1d¥ﬂtse éZmo};tly 30 30 20.50 aversive clips diary (and Nocturnal IF: 1;
al,2021'  university students)  (15;50%)  (18:60%)  (2.02) 0833 gigggnni f‘e‘tgl car }ilfrsiiend 7 40362 eep AG home ID: - high

with normal sleep

. and plane crashes monitorin,
quality P ’ J

train wreck) task)
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Table 3.1 (continued.)

.. Hgleep, Mok, Age % . L Outcome Follow-up Slecp . Sleep Sleep . Sleep Results Risk of
Study Participants (i (i M(SD)  femal Aversive stimuli ¢ (days) duration desi recordin text as bias
Nimtrusion) Nintrusion) emale assessmen ays (min) esign g contex reported ias
2. Sleep vs. wakefulness during daytime or day- and nighttime
. mentally healthy
ﬁlelzrgleg young females, Trauma film (12 min IF/ID:

" recruited via 32 33 23.80 from ‘Irreversible’ paper-and- Nocturnal IF: 1; .
grrll((:)ltuded in  Dewspapers, no (32;100%)  (33; 100%)  (3.09) 100 showing physical and pencil 7 420.00 sleep PSG home ID: ¢ high
IPD) lifetime trauma sexual violence) diary

exposure
Traumatic picture
mentally and stories (including 12
physically healthy negative pictures from
students with normal the International IF: 1;
Sopp etal., sleep quality and no 38 37 22.51 Affective Picture . Nocturnal 2 .
2021 extreme diurnal (34:89%)  (35:95%)  (2.98) 200 gygtemand the Nencki T 1TT ! 4TI eep PSG lab ;D' “;’t q high
preference, no Affective Picture ssesse
lifetime trauma System database
exposure showing a mutilated or
heavily injured person)
3. Sleep vs. partial sleep deprivation
mentally healthy Tralllmat.lc picture
: stories (including five
students with normal . .
sleep quality and no ) 2 oa nhegatlve plcturels from | IF: 1:
Sopp et al., . . the Internationa . Nocturna .
20192 extreme diurnal (12 57%) (16; 80%) (2.50) 65.85 Affective Picture IF: ITT 1 217.86 sleep PSG lab ID: not low
preference, no System showine a assessed
participation in a st &a
. mutilated or heavily
similar study ..
injured person)
Aversive pictures (20
. . IF/ID:
mentally healthy negative pictures from Intrusion
young females the International .
Werner et . . 28 21 22.32 . . Memory IF: 1;
al., 20213 (mostly unlyersny (23; 82%) (19; 90%) (3.16) 100 Affective Picture Questionna 3 26.58 Nap PSG lab ID: 1 low
students) with normal System, mean valence ire (paper-

sleep quality

1.64 [range 1-9])

and-pencil)
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Table 3.1 (continued.)

. Agleep, uake, Age % . L Outcome Follow- Sleep . Sleep Sleep Sleep Results Risk of
Study Participants (Mintrusion) (Mintrusion) M(SD)  female Aversive stimuli assessment up duration design recordin context as bias’
intrusion, intrusion, (days) (mln) g g reported
4. Nap sleep vs. wakefulness
;I:)?I:anzri;i;hy Trauma film (12
- § min from . L.
Wilhelm e SCTUited at the 33 23 2350 ,, ‘lmeversible’ wD: paper- a2 N pSG b T
al.,, 2021 ﬁ‘;gﬁ;sel 3; ;lrllr‘;a (33;100%)  (23;100%)  (0.70) showing physical zri‘a “penct : ap a ( T).7_ ow
exposure and normal 3?522::; ! Y
sleep quality
Trauma film (a
mentally healthy Z?I:;Ie) 1laiﬁon loif
Woudet ~ Youngadults, no 51 43 23.09 despictsiiggsecrigjs IF/ID: paper- IF: 1
al., 20184 1:1)1("etlrsner tr:rlll(rinr? - (42; 82%) (39; 91%) (3.65) 76.60 and life- zril;i-pencﬂ 7 41.42 Nap PSG lab D: - high
slelzto uueali ¢ © threatening y
P quattly injuries and
violence)

[4S

Note. 1: effect in favor of sleep over wakefulness/ sleep deprivation, i.e., fewer intrusive memories or less severe intrusion distress; |: effect in favor of wakefulness/ sleep
deprivation over sleep, i.e., fewer intrusive memories or less severe intrusion distress; — no evidence for a difference between sleep and wakefulness/ sleep deprivation.
AG = Actigraphy; IF = intrusion frequency; ID = intrusion distress; ITT = Intrusion Triggering Task (based on Streb et al., 2017; Wegerer et al., 2013); » = number of
participants, NA = not available; PSG = polysomnography.

' The study by Zeng et al. (2021) reported data on more than one intrusion measure. In this case, we chose the diary assessment as most similar to the majority of included studies.

2 Due to the partial nighttime sleep deprivation design employed by Sopp et al. (2019), second night half sleep duration is reported as sleep duration.

3 The study of Werner et al. (2021) comprised more than one group that underwent post-trauma sleep or sleep deprivation. For the purpose of our meta-analysis, we chose the groups most similar to other studies (i.e.,
REM sleep deprivation and REM sleep) to reduce between-study heterogeneity. For our moderator analysis on sleep duration, we subtracted the sleep duration of the REM sleep deprivation group from the sleep duration

of the REM sleep group (i.e, 80.38 min — 53.80 min = 26.58 min).

* The study by Woud et al. (2018) reported data on participants that received either positive or negative cognitive bias modification training. As this intervention was not of interest for our meta-analysis, both sleep and
wake groups were combined.

3 Risk of bias ratings reflect inverse measures of study quality, that is, 1 — study quality. Studies with quality ratings > 0.77 were assumed to have low risk of bias, studies with quality ratings < 0.77 were rated as high
risk of bias.

¢ Porcheret et al. (2019) found evidence for a difference in favor of sleep deprivation over sleep when they excluded participants from analyses that slept at least for short periods during sleep deprivation at home.

7 Wilhelm et al. (2019) found in a secondary analysis that participants in the sleep group that reached REM sleep reported lower intrusion distress.



Sleep versus wakefulness during daytime. Two studies investigated the effects of
sleep as opposed to wakefulness during daytime or both day- and nighttime. In the study of
Kleim et al. (2016), participants were exposed to a traumatic film and either had a full night of
sleep at home afterwards or were deprived of sleep. Half of the wake group was exposed to the
trauma film in the evening and was subsequently sleep deprived during the night, whereas the
other half was exposed to the trauma film in the morning and subsequently remained awake
during the day. Wakefulness during the daytime versus nighttime did not affect outcome
measures, allowing to collapse these subgroups for further analyses. Analyses of 7-day diary
data revealed lower intrusion frequencies in the sleep than in the wake group, with the effect
being most pronounced on days 3—7 indicating a delayed benefit of sleep. Groups also differed
in intrusion distress with the sleep group reporting significantly lower ratings than the wake
group. Sopp et al. (2021) investigated the impact of sleep as opposed to wakefulness on analog
intrusions during the daytime. After being exposed to traumatic picture stories, participants
either had a full night of sleep (50% at the lab, 50% at home) or a 12-h period of wakefulness

during daytime. Groups did not differ in intrusion frequency in an intrusion triggering task.

Sleep versus partial sleep deprivation. Two studies investigated the effect of sleep
as opposed to partial sleep deprivation on analog intrusions. In the study by Sopp et al. (2019),
participants viewed traumatic picture stories prior to a full night sleep or a limited sleep
opportunity with sleep deprivation during the second night half systematically reducing the
amount of REM sleep (Ekstrand, Barrett, West, & Meier, 1977). Intrusions were assessed in the
morning using an intrusion triggering task showing lower intrusion frequency in the sleep than
in the partial sleep deprivation group. Werner et al. (2021) similarly manipulated sleep duration
to compare participants that underwent a nap with REM sleep, a nap with REM awakening, and
a nap without REM sleep at the lab after having been exposed to traumatic pictures. Analyses
revealed significantly reduced intrusions (number and duration) in the REM sleep group and
REM awakening group as compared to the no REM sleep group on day 3. Groups also differed
in intrusion distress (i.e., aversiveness), with the REM sleep and the REM awakening group

showing lower distress.

Nap sleep versus wakefulness. Finally, two studies compared the effects of nap sleep
with wakefulness during the daytime. Wilhelm et al. (2021) investigated the effect of a 90-min
nap in the lab as opposed to a 90-min wake period during the daytime on intrusive memories
of a trauma film. Intrusion frequency and distress did not differ between groups. In a secondary

analysis, the authors found that participants who reached REM sleep reported lower intrusion
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distress than those with no REM sleep or no sleep at all. There was no evidence for an effect of
sleep on intrusion frequency. In another study by Woud et al. (2018), participants viewed a
traumatic film and were then subjected to a cognitive bias modification training. Subsequently,
they were either given a nap opportunity of 90 min at the lab or remained awake. Collapsing
effects across training groups provided evidence for an effect of nap sleep on intrusive
memories, with participants of the nap group reporting fewer intrusions than their wake

counterparts. No differences emerged for intrusion distress.

The relationship between sleep physiology and intrusions. Four studies assessed
polysomnography and reported on associations of sleep physiology and intrusions (see
Supplementary Material [A4] for detailed results). Of these, one study provided support for a
role of slow wave sleep (SWS) in intrusive memories. Sopp et al. (2021) found that a longer
SWS duration (% and min) was associated with fewer intrusions (n = 38). Werner et al. (2021)
provided support for the involvement of REM sleep, finding longer REM sleep duration (% and
min) to be associated with fewer and less aversive intrusions (on day 3) as well as shorter
intrusion duration (n = 68). Two studies provided evidence for the involvement of both Non-
REM and REM sleep. Kleim et al. (2016) found evidence for negative correlations between
stage 2 sleep and parietal fast sleep spindles (13—15 Hz) and intrusion frequency (n = 18). By
contrast, they found that stage 1 sleep, more time spent awake after sleep onset, and REMs were
linked to more intrusions. Wilhelm et al. (2021) reported that more REM sleep and higher slow

wave activity were correlated with less intrusion distress (n = 32).

Effects on explicit and implicit analog trauma memory. Our summary follows the
differentiation of explicit and implicit trauma memory by Kuriyama et al. (2010). A more

detailed version of this summary can be found in Supplementary Material (A5).

Effects of sleep on explicit analog trauma memory. Two studies investigated the
impact of sleep during the nighttime on explicit trauma memory using a visual recognition
memory test (Porcheret et al. 2019; Zeng et al., 2021). Porcheret et al. (2019) examined visual
recognition memory for the trauma film at day 2 using images from the trauma film and new
images. Analyses indicated that participants of the sleep group recognized more images from
the trauma film than participants from the sleep deprivation group. Zeng et al. (2021) conducted
an immediate (day 1) and delayed (day 8) recognition memory test using screenshots from the
trauma film as old stimuli (50% aversive scenes, 50% neutral scenes) together with screenshots
from similar, but unwatched films as new stimuli. Analyses revealed that participants of the

sleep group had better recognition memory (i.e., higher rate of correct rejection to new pictures)
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than participants of the sleep deprivation group on day 1, while no differences emerged on day
8. Two studies investigated the impact of sleep on explicit trauma memory using a visual
recognition memory test that differentiated between divergent retrieval processes, that is,
recollection- and familiarity-based retrieval (Yonelinas, 2002). Sopp et al. (2019) assessed
explicit memory of traumatic picture stories by presenting objects that had been embedded into
the picture stories and new objects. After awakening or sleep deprivation in the second night
half, participants were asked to indicate for each object whether it had been presented in the
picture stories (‘old”) or not (‘new’). For each object that they identified as ‘old’, they were
asked to indicate whether their recognition judgement was based on remembering details of its
previous presentation or on a feeling of knowing. Analyses revealed that participants of the
sleep group showed higher recollection-based recognition memory than participants of the
partial sleep deprivation group, while no difference emerged for familiarity-based recognition.
In a follow-up study, Sopp et al. (2021) investigated explicit memory for relevant and irrelevant
objects presented in the traumatic picture stories. Participants were exposed to picture stories
with relevant and irrelevant objects, which were supplemented with new items during a
recognition test. Results revealed higher recognition memory for relevant, but not irrelevant,

objects in the sleep as compared to the wake group.

Two studies investigated the impact of (nap) sleep as opposed to wakefulness during
the day- or nighttime on explicit trauma memory using a verbal recognition memory test based
on questions or statements on the trauma film (Porcheret et al., 2019; Woud et al., 2018). Both

studies found no differences between sleep and wake groups.

Effects of sleep on implicit analog trauma memory. One study investigated the
impact of sleep as on implicit trauma memory, assessed in terms of processing fluency. Sopp et
al. (2019) presented half of the objects from the traumatic picture stories and distractor objects
in a blurred picture identification task, where participants should label the blurred objects as
soon as they recognized them. No evidence for a between-group difference emerged. Four
studies investigated the impact of (nap) sleep on implicit trauma memory, assessed in terms of
fear ratings (Porcheret et al., 2019; Werner et al., 2021; Wilhelm et al., 2021; Zeng et al., 2021),
with no strong evidence for between-group differences. Wilhelm et al. (2021) used pictures
from the trauma film to assess emotional responses 8 days after exposure. Before and after
viewing aversive pictures, subjective mood and arousal were measured by visual analog scales

as well as current affective state using a questionnaire. Analyses revealed that mood generally
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decreased across presentation and that this effect was less pronounced in the nap group as

compared to the wake group.
Quantitative summary.

Sample characteristics. The final meta-analysis on aggregated data comprised nine
studies (N = 529, nsieep = 278, nwake = 251) for intrusion frequency and seven for intrusion
distress (N = 348, ngieep = 179, nwake = 169). The meta-analysis on IPD comprised eight studies
(N =479, ngieep = 247, nwake = 232) for intrusion frequency and six studies for intrusion distress
(N =293, ngieep = 150, nyake= 143). The weighted mean age was 22.71 years (SD = 2.73) for the
meta-analysis on aggregated data (22.53 years, SD = 3.34, for the IPD meta-analysis), and
80.60% were female (78.03% for the IPD meta-analysis).

Manipulation check for negative mood. Our meta-analysis on IPD allowed us to examine
whether the exposure to aversive stimuli resulted in an increase in negative mood. Across all
studies, negative mood increased by 23.6% from pre-to-post exposure. A linear mixed model
with random intercept and slope per study revealed a significant increase in negative mood, b
=0.11, 95% CI[0.06, 0.15], p = .002, that was independent from experimental group, b = 0.00,
95% CI [-0.02, 0.03], p = .724.

Meta-analysis on aggregated data.

Main analyses: Intrusion frequency. The forest plot presented in
Figure 3.3a displays the effect sizes and Cls of all samples. Effect estimates ranged from —0.50,
95% CI [-1.20, 0.20] to 0.76, 95% CI [-0.01, 1.52]. Most effect estimates (8 out of 9; 89%)
were numerically positive, that is, participants who underwent post-trauma sleep as compared
to wakefulness experienced fewer intrusions. Table 3.2 presents the results of the main meta-
analysis using a random-effects model. The analysis provided evidence for an effect of sleep
on intrusion frequency, log-ROM = 0.25, 95% CI[0.10, 0.39], p <.001. Participants in the sleep
groups experienced 28% fewer intrusions than those in the wake groups. There was no evidence
of heterogeneity of effect sizes as indicated by a non-significant Q statistic, Q(8) = 8.88,
p =.352, and a I’ of 10.0%. This absence of heterogeneity supports the generalizability of the
findings beyond the included studies to the wider population. Certainty of evidence for the
primary outcome was moderate due to the increased risk of bias resulting from the inclusion of

nonrandomized studies (see Supplemental Material [A6]).
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Main analyses: Intrusion

distress.

The forest plot

presented

in

Figure 3.3b shows the effect estimates and Cls of all samples included in the analysis on

intrusion distress. Effect estimates ranged from —0.23, 95% CI [-0.64, 0.19], to 0.40, 95% CI

[0.03, 0.76]. Five out of seven effect sizes (71%) were numerically positive, that is, participants

who were in the post-trauma sleep group reported lower levels of distress than those in the wake

group. The meta-analysis provided no evidence for an effect of sleep compared to wakefulness

on intrusion distress, log-ROM = 0.09, 95% CI [-0.03, 0.22], p = .145. There was no significant

heterogeneity as shown by a non-significant Q statistic, Q(6) = 6.00, p = .423, and a I° of 0.1%.

Certainty of evidence for intrusion distress was very low due to the inclusion of nonrandomized

studies and imprecision (see Supplementary Material [A6]).

Figure 3.3

Forest Plots of Meta-Analyses on Intrusion Frequency and Intrusion Distress

(e | N (- - ~
a. Intrusion Frequency b. Intrusion Distress
Study log—ROM [95% Cls] Study log—-ROM [95% Cls]
1 Porcheret 2015 — -0.50 [-1.20, 0.20]
1Z 2021 ——— -0.23[-0.64, 0.1
2 Porcheret 2019 —— 0.06 [-0.62, 0.74] Pengh 0 0.23(-0.64,0.19]
3 Sopp 2021 i 0.15 [0.08, 0.38] 2 olrc eret 2019 ——— -0.18 [-0.82, 0.45]
4 Wilhelm 2021 . 0.22 [-0.08, 0.52] 3 Wilhelm 2021 —— 0.05[-0.23, 0.32]
5 Kleim 2016 —.— 0.32[-0.01, 0.65] 4 Porcheret 2015 —— 0.08 [-0.59, 0.75]
6 Werner 2021 . 0.32[-0.15, 0.80] 5 Woud 2018 - 0.11 [-0.11, 0.33]
7 Zeng 2021 —— 0.38 [-0.24, 1.00] 6 Werner 2021 —— 0.16 [-0.17, 0.49]
8 Woud 2018 —— 0.49[0.09, 0.88] 7 Kleim 2016 —a— 0.40 [ 0.03, 0.76]
9 Sopp 2019 —=s—  0.76[-0.01,1.52]
RE Model - 0.25[0.10, 0.39] RE Model he 0.09[-0.03,0.22]
(Q=8.88,df =8, p=0.352; (Q=6.00, df =6, p = 0.423;
1% =10.0%) 1 =0.1%)
[ B H T T T
-1.50 0.00 1.00 2.00 -1.00 0.00 1.00
Log-transformed ratio of means [log-ROM] Log-transformed ratio of means [log-ROM]
o NS %

Note. Forest plots of the meta-analysis on aggregated data on (a.) intrusion frequency and (b.) intrusion distress.
CI = confidence interval; M(log-ROM) = log-transformed ratio of means; RE Model = random effects model.
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Table 3.2 Results of the Meta-Analysis on Aggregated Data

Analysis 950/0 CI
Nn k EE lower  upper p 0 df  p©O) P Certainty
1. Main analysis (log-ROM)
Intrusion SIeE]®)
<
frequency 529 9 0.25 0.10 0.39 .001 8.88 8 352 995 Moderate
ROM
~ 128 1.11 1.48
Intrusi
dstrons 348 7 009 -0.03 022 145 600 6 423 o005 ©O0O0
istress Very low
ROM
~1.10 0.97 1.25
2. Sensitivity analysis (SMD)
Intrusion SIeE]®)
frequency 529 9 0.31 0.13 0.48 <.001 8.08 8 426 094 Moderate
Intrusion o000
distress 348 7 0.15 -0.06 0.36 .168 586 6 439 0.00 Very low

Note. EE = effect estimate; N/n= number of participants; £k = number of studies; log-ROM/SMD = log-
transformed ratio of means/standardized mean difference; ROM = ratio of means; p = significance value of log-
ROM/SMD; 95% CI = 95% confidence interval; O = Q statistic; df = degrees of freedom of Q statistic; p(Q) =
significance value of Q statistic; I = percentage of heterogeneity reflecting true effect size variance. The certainty
column shows the overall GRADE rating (see Supplementary Material [A3] for details).

Figure 3.4

Outlier and Influence Diagnostics for the Meta-Analyses on Intrusion Frequency and Intrusion

Distress

~
a. Intrusion Frequency

Studentized Deleted Residuals

Cook'’s Distance

o I T I T T I I T I
1 2 3 4 5 6 7 8 9

Covariance Ratio

e . .
b. Intrusion Distress

Studentized Deleted Residuals

0.0 04
LLLLL

Note. Influence diagnostics of the meta-analysis on aggregated data on (a.) intrusion frequency and (b.) intrusion
distress. Study numbers per outcome correspond to those presented in Figure 3.2.
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Main analyses: Outlier and influence analyses. Figure 3.4a and b display outlier
and influence analyses based on SDRs, Cook’s distances (CD), and covariance ratios
(COVRATIO). For both outcomes, none of the studies was identified as outlier or influential

casec.

Main analyses: Moderator analyses. Given the homogeneous results for both
outcomes, it is debatable if moderator analyses should be performed. However, most
recommendations suggest performing a-priori planned analyses even in absence of
heterogeneity (Geyskens, Krishnan, Steenkamp, & Cunha, 2009). For intrusion frequency, there
was no moderator effect of the samples’ mean age, OM(1) = 0.23, p = .633, or gender, OM(1)
=0.07, p = .785. Also, neither the number of follow-up assessments in days, OQM(1) = 0.24, p
= .622, nor the average duration of post-trauma sleep, OM(1) = 0.81, p = .369, significantly
predicted effect estimates. For intrusion distress, there was neither a moderator effect of mean
age, OM(1)=1.43, p=.232, gender, OM(1) = 1.69, p = .194, number of follow up-assessments
in days, OM(1) = 0.07, p = .788, nor average post-trauma sleep duration, QM(1) = 0.04, p =
.838.

Main analyses: Publication bias. Visual inspections and non-significant rank
correlation tests indicated symmetry of the funnel plots for intrusion frequency,
Kendell’s 7 = 0.11, p = .761 (see Figure 3.5a), and intrusion distress, Kendell’s 7 = —0.14,
p = .773 (see Figure 3.5b). Also, the contour-enhanced funnel plot did not indicate that non-

significant findings were more likely to be missing.
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Figure 3.5

Funnel Plots for the Meta-Analyses on Intrusion Frequency and Intrusion Distress
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Note. Funnel plots and contour-enhanced funnel plots of all studies included in the analysis on intrusion frequency
(a.) and intrusion distress (b.). For the contour-enhanced funnel plots, the white area indicates findings being
insignificant at p > .10, the darker grey areas indicate p-values between .05 < p < .10 (marginally significant
findings), while the lighter grey areas mirror p-values between .01 < p <.05. All studies following beyond these
boundaries would be significant at p <.001. log-ROM = log-transformed ratio of means.

Main analyses: Internal risk of bias. For our analyses on intrusion frequency,
study quality ratings ranged between 0.50 and 1.00, with median study quality rating at 0.77.
For intrusion distress, the range of quality ratings of the included studies was between 0.50 and
0.92, and median study quality was at 0.77. For both outcomes, effect estimates were not
significantly related to study quality [intrusion frequency: OM(1) = 0.03, p = .870; intrusion
distress: QM(1) = 1.70, p = .193].

Main analyses: Sensitivity analyses. To examine if our findings were dependent
on our decision to choose log-ROMs instead of SMDs as effect measure, we re-ran our analyses
by using SMDs as the effect measure. For intrusion frequency, this analysis provided evidence
for an effect of sleep on intrusion frequency, SMD = 0.31, 95% CI [0.13, 0.48], p < .001,
suggestion fewer intrusions after post-trauma sleep compared to wakefulness, which was

numerically - but not significantly - larger than the effect found using log-ROMs (see Table
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3.2). For intrusion distress, consistent with the analysis using log-ROMs, there was no evidence

for an effect of post-trauma sleep, SMD = 0.15, 95% CI [-0.06, 0.36], p = .168.
Meta-analysis on individual participant data.

Main analyses: Intrusion frequency. As models based on zero-inflated Poisson
distributions showed significant overdispersion, p < .001, and models based on negative
binominal distributions indicated significant zero-inflation, p = .016, we employed a zero-
inflated binominal model. Including group as fixed effect in both parts of the model improved
model fit when compared to a model that only included a random intercept for study in both
model parts, LRT(2) = 8.69, p = .013, while including a random slope did not result in a better
model fit, LRT(7) = 1.65, p = .977. Residual diagnostics of the final model indicated a good fit
(Kolmogorov-Smirnov test: p =.747) and identified no outliers (p = .062). The zero part of the
model showed no between-group difference, b = 0.53, 95% CI [-0.40, 1.46], p = .266, that is,
the occurrence of any intrusions was equally likely in both groups (see Table 3.3). In the count
part of the model, there was evidence for a between-group difference, b = —0.19,
95% CI [-0.35, —0.03], p = .020, indicating that the number of intrusions was higher in the
wake groups as compared to the sleep groups. A sensitivity analyses based on a hurdle model

did not change our results.

Main analyses: Intrusion distress. As a model based on a Gaussian distribution
indicated significant zero inflation, p <.001, we employed a lognormal hurdle model for semi-
continuous data. When we compared a model including group as fixed effect in both parts of
the model with a random intercept only model, there was no increase in fit, LR7(2) = 0.51,
p = .775. The same applied to the inclusion of a random slope, which also did not improve
model fit compared to the random intercept-only model, LRT(9) = 6.78, p = .660. Although the
inclusion of group did not improve model fit, we present a model including a fixed effect for
group in both model parts for comparison with the meta-analysis on aggregated data (see
Table 3.3, Model 1). Residual diagnostics of this model demonstrated good fit (Kolmogorov-
Smirnov test: p =.122) and identified no outliers (p = .509). The zero part of the model showed
that the occurrence of any intrusion distress was equally likely in both groups, b = —0.15, 95%
CI[-1.15, 0.86], p = .773, and the continuous part of the model demonstrated that the severity
of intrusion distress did not differ between groups, b = —0.06, 95% CI [-0.22, 0.11], p = .522
(see Table 3.3, Model 1). When we employed a zero-inflated gamma distribution for sensitivity

analyses, our results remained unchanged, pointing to the robustness of our findings.
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Moderator analyses: Intrusion frequency. We examined moderator effects of age,
gender, depressive symptoms, and increases of negative mood from pre-to-post exposure. Age
and gender showed no moderator effects in the zero part of the model, p > .346 (see Table 3.3,
Model 2), while age significantly moderated the effect of group (sleep vs. wake) in the count
part, b = —0.05, 95% CI [-0.10, 0.00], p = .038, indicating that the protective effect of sleep
was more pronounced with increasing participant age. Depressive symptom levels had no
moderator effect, neither in the zero part, b =—1.32, 95% CI [—4.52, 1.88], p = .417, nor in the
count part of the model, b = —0.02, 95% CI [-0.08, 0.05], p = .600 (see Table 3.4). Larger
increases of negative mood from pre-to-post exposure were associated with more severe
intrusions in the count part of the model, b = 0.61, 95% CI [0.22, 1.01], p = .002, but did not
moderate the impact of sleep on intrusion frequency, b =—0.02, 95% CI [-0.81, 0.77], p = .963.

No moderator effect emerged in the zero part of the model.

Moderator analyses: Intrusion distress. For intrusion distress, there was no
moderator effect of age and gender, neither in the count nor the zero part of the model, p >.193,
except for a three-way interaction between group, age, and gender in the zero part, b = —1.05,
95% CI [-1.98, —0.12], p = .026 (see Table 3.3, Model 2). However, neither for females nor
males of all ages, there was evidence for an effect of group on the occurrence of any (vs. no)
intrusion distress. Depressive symptoms had no significant moderator effect in the zero part of
the model but showed a significant interaction with group in the continuous part of the model,
b=0.06,95% CI1[0.00, 0.11], p = .048, with numerically larger effect estimates for group when
depressive symptoms were less severe (see Table 3.4). However, even when limiting our sample
to those with below median depressive symptoms for illustrative purpose, the effect of group
remained non-significant. Moreover, increases in negative mood from pre-to-post exposure had
no moderator effect in both model parts, p > .676, but a significant main effect on intrusion
distress in the count-part, b = 0.82, 95% CI [0.45, 1.18], p <.001, with stronger increases being

associated with more intrusion distress.

62



Table 3.3 Results of Multilevel Models for Intrusion Frequency and Intrusion Distress

Model 1 Model 2
b 95% CI P b 95% CI P
a. Intrusion frequency
Count part
(Intercept) 1.49 1.09, 1.88 <.001 1.48 1.10, 1.87 <.001
Group -0.19 —-0.35,-0.03 .020 -0.19 —-0.35,-0.03 .017
Age 0.01 —-0.01, 0.03 354
Gender 0.21 —0.02, 0.44 .070
Group x Age —-0.05 —0.10, 0.00 .038
Group x Gender 0.28 —-0.18, 0.74 237
Age x Gender 0.05 —-0.02,0.12 139
Group x Age x Gender 0.01 -0.13,0.15 .878
Zero part
(Intercept) —2.40 -3.29,-1.50 <.001 —2.46 -3.37,-1.55 <.001
Group 0.53 —0.40, 1.46 .266 0.41 —0.56, 1.40 413
Age —-0.05 -0.21,0.11 547
Gender -0.24 —1.47,0.99 703
Group x Age —-0.07 —-0.39,0.25 671
Group x Gender —-0.40 -3.00, 2.21 766
Age x Gender -0.17 -0.52,0.18 345
Group x Age x Gender -0.33 —-1.02, 0.36 346
Kstudy 8 8
TNParticipants 478 476
b. Intrusion distress
Continuous part
(Intercept) -1.55 —1.85,-1.26 <.001 -1.56 —1.84,-1.27 <.001
Group —-0.06 -0.22,0.11 .522 —-0.05 -0.22,0.11 525
Age -0.01 —0.04, 0.01 353
Gender 0.04 -0.21,0.28 764
Group x Age 0.02 —-0.03, 0.07 396
Group x Gender 0.33 -0.17, 0.83 193
Age x Gender -0.04 —-0.12, 0.04 311
Group x Age x Gender 0.09 -0.07, 0.25 280
Zero part (hurdle)
Intercept —2.83 -3.61,—-2.06 <.001 -3.14 —4.16,—2.12 <.001
Group —-0.15 —1.15,0.86 173 —-0.53 —1.88,0.83 447
Age —-0.09 -0.32,0.15 467
Gender -1.22 —2.54,0.10 .070
Group x Age —-0.30 —-0.79, 0.19 228
Group x Gender -1.62 —4.31, 1.08 .239
Age x Gender —0.40 —-0.85, 0.05 .085
Group x Age x Gender -1.05 -1.98,-0.12 .026
Kstudy 6 6
NParticipants 293 292

Note. k = number of effect sizes; n = number of participants.
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Table 3.4 Details of Moderator Analyses

Depressive symptoms

Increase of negative mood

b 95% CI P b z p
a. Intrusion frequency
Count part Count part
(Intercept) 1.55 0.83,2.28 <.001 (Intercept) 1.49 1.11, 1.87 <.001
Group —0.25 —-0.47,-0.02 .030 Group —-0.19 —0.35,-0.04 .015
Depressive symptoms —0.01 —0.04, 0.02 421 Increase in negative mood 0.61 0.22, 1.01 .002
Group x Depressive symptoms —0.02 —0.08, 0.05 .600 Group x Increase in negative mood —0.02 —-0.81,0.77 963
Zero part Zero part
(Intercept) -5.14 —12.19,1.91 153 (Intercept) —2.38 -3.29,-1.47 <.001
Group —0.02 —5.58,5.53 .994 Group 0.51 —0.41, 1.43 273
Depressive symptoms —-0.32 —1.47,0.84 .589 Increase in negative mood 0.31 —2.34,2.97 817
Group x Depressive symptoms -1.32 —4.52, 1.88 417 Group x Increase in negative mood 0.22 —4.86, 5.31 932
kstudy 4 8
FlParticipants 271 478
b. Intrusion distress
Continuous part Continuous part
(Intercept) -1.53 -1.95,-1.12 <.001 (Intercept) —-1.55 —-1.85,-1.26 <.001
Group 0.00 —0.19, 0.19 .989 Group —0.06 —0.22,0.10 473
Depressive symptoms 0.00 —0.03, 0.03 916 Increase in negative mood 0.82 0.45, 1.18 <.001
Group x Depressive symptoms 0.06 0.00,0.11 .048 Group x Increase in negative mood —0.15 —0.90, 0.59 .676
Zero part (hurdle) Zero part (hurdle)
(Intercept) -3.32 —4.46,-2.19 <.001 (Intercept) —2.84 -3.62,-2.06 <.001
Group 1.25 —0.25,2.75 .102 Group —0.16 —-1.18,0.85 766
Depressive symptoms 0.04 —-0.17, 0.25 733 Increase in negative mood —0.69 —3.52,2.15 .656
Group x Depressive symptoms —0.09 —-0.52, 0.35 .693 Group x Increase in negative mood —0.96 —6.72, 4.80 .890
kstudy 4 6
NParticipants 220 293

Note. k = number of effect sizes; n = number of participants.



3.5. Discussion

This review aimed to provide a qualitative and quantitative summary of the current state
of research on the effect of sleep versus wakefulness after exposure to experimental analog
trauma on subsequent intrusive memories. Specifically, we aimed to answer the question of
whether research supports a beneficial or detrimental effect of post-trauma sleep on subsequent
intrusive memories. In line with two recent reviews (Davidson & Marcusson-Clavertz, 2023;
Larson et al., 2023), our meta-analyses on aggregated data showed that sleep as opposed to
wakefulness is associated with fewer intrusive memories, while there was no evidence for an
impact of sleep on intrusion distress. Study-level moderators such as the number of assessment
days had no impact on effect size estimates. Beyond previous reviews, the availability of
individual participant data (IPD) allowed us to perform more in-depth analyses. While we found
evidence that sleep as opposed to wakefulness was related to a lower number of intrusions in
participants experiencing at least one intrusion, sleep was unrelated to the occurrence of
intrusions, i.e., sleep did not affect the likelihood of experiencing any versus no intrusions.
Moreover, IPD also allowed us to perform participant-level moderator analyses showing that a
higher age may be associated with a more pronounced protective effective effect of sleep.

However, these findings need further replication in larger, more diverse samples.

Our qualitative summary showed that of nine studies investigating the impact of post-
trauma sleep versus wakefulness on intrusive memories, five found evidence for a positive
impact of sleep on analog intrusions (Kleim et al., 2016; Sopp et al., 2019; Werner et al., 2021;
Woud et al., 2018; Zeng et al., 2021). One study found evidence for a positive impact of sleep
deprivation on analog intrusions (Porcheret et al., 2015), and three studies provided
inconclusive results (Porcheret et al., 2019; Sopp et al., 2021; Wilhelm et al., 2021). We also
examined the effect of post-trauma sleep on explicit and implicit trauma memory: Of five
studies investigating the impact of sleep versus sleep deprivation on explicit trauma memory,
three found evidence for sleep significantly enhancing explicit trauma memory as compared to
sleep deprivation (Sopp et al., 2019, 2021; Zeng et al., 2021). One study provided mixed
evidence, indicating that sleep enhanced visual memory but not verbal memory (Porcheret et
al., 2019). Correspondingly, one study found no evidence for an impact of sleep on explicit
trauma memory using a verbal memory test (Woud et al., 2018). Of five studies investigating
the impact of sleep versus sleep deprivation on implicit trauma memory, four did not find any
evidence for group differences (Porcheret et al., 2019; Sopp et al., 2019; Werner et al., 2021;
Zeng et al., 2021;). One study found that sleep compared to wakefulness reduced implicit
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memory as evident in mood responses (Wilhelm et al., 2021). Finally, four studies investigated
associations between Non-REM and REM sleep physiology and analog intrusions. Two studies
found evidence for an involvement of both Non-REM and REM sleep (Kleim et al., 2016;
Wilhelm et al., 2021). Only single studies found evidence for an involvement of REM sleep
(Werner et al., 2021) and SWS (e.g., Sopp et al., 2021).

Across both analytical approaches chosen for our quantitative summary, we found
evidence in favor of a beneficial rather than a detrimental effect of post-trauma sleep on
subsequent intrusion frequency. That is, participants experienced fewer intrusions if they had
slept after exposure to analog trauma than if they remained awake or were partially sleep
deprived. Due to the lack of heterogeneity, these effects can be generalized beyond the current
samples to the wider population of healthy young adults experiencing analog trauma. IPD
analyses further suggest that sleep does not affect the occurrence of any versus no intrusive
memories per se. However, in the subgroup of individuals who experienced any intrusions after
exposure to analog trauma, post-trauma sleep compared to wakefulness was associated with

fewer intrusions.

Overall beneficial effects of post-trauma sleep on intrusion frequency may emerge
because post-trauma sleeping reduces the frequency of intrusions in participants that are prone
to develop intrusions in response to analog trauma. If confirmed by further research, these
findings suggest that prevention strategies that aim to improve sleep should be developed and
tested on individuals at-risk for intrusion development and later onset of PTSD. Such
individuals could be identified based on pre-trauma (e.g., trait rumination, prior
psychopathology; Schultebraucks et al., 2021) and/or peri-trauma (e.g., peritraumatic distress,
dissociation; Massazza, Joffe, & Brewin, 2021; Massazza, Joffe, Hyland, & Brewin, 2021) risk
factors. However, such an approach would require a strong (empirical) consensus on primary
risk factors that should be targeted, which does not exist at present (Bonanno, 2021; Kalisch et

al., 2017).

Moreover, it must be noted that our analyses revealed small-to-medium effect sizes
reflecting a small difference of average intrusion frequency between sleep and wake groups.
Given the high individual and societal burden associated with PTSD (Davis et al., 2022;
Olatunji et al., 2007; Pacella, Hruska, & Delahanty, 2013), even small-to-medium effect sizes
of prevention measures could make a great difference as they may prevent a substantial number
of PTSD cases when delivered to a larger population of traumatized individuals. However,

studies translating other interventions found to be effective in experimental psychopathology
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to clinical populations provided evidence for potential decreases of effect sizes and point to the
importance of distinguishing lab-based research from randomized controlled trials with clinical
samples (Wiers, Boffo, & Field, 2018). Moreover, a recent meta-analysis on the effectiveness
of consolidation/reconsolidation interventions for the prevention and treatment of PTSD
provided evidence for smaller effect sizes for PTSD prevention (Astill Wright, Horstmann,
Holmes, & Bisson, 2021). Hence, further research in clinical populations needs to establish
whether the magnitude of effects is sufficient to justify a clinical implementation of sleep-
enhancing interventions. These studies may also examine whether sleep, mainly targeting the
process of memory consolidation, might be used as a mechanism-focused adjunct of other
interventions (Kleim et al., 2014; see Blackwell, 2020; for a similar idea on cognitive bias

modification).

While our analyses support a beneficial effect of sleep on intrusion frequency, we did not
find evidence for sleep-related effects on intrusion distress. On the one hand, this lack of
evidence may have emerged since these analyses relied on a smaller subsample of studies and
participants. On the other hand, our results could indicate that the sleep-related processes that
modulate intrusion frequency do not affect distress levels. In fact, there have been different
accounts as to how sleep may reduce intrusions (Azza et al., 2020; Germain, Buysse, &
Nofzinger, 2008), with one assuming that sleep supports memory consolidation, thereby
strengthening explicit trauma memory and inhibiting the occurrence of intrusions (based on
e.g., Diekelmann & Born, 2010). The other account proposed a role of sleep in reprocessing
and weakening of the affective component of traumatic memories, resulting in reduced
intrusion distress (based on van der Helm & Walker, 2009). The current results seem to support
the first hypothesis while providing no support for the second. However, since our analyses did
not focus on underlying processes, caution is warranted in drawing strong conclusions. Some
additional insights can be gathered from our qualitative synthesis. That is, four of five studies
(i.e., Porcheret et al., 2019; Sopp et al., 2019; Sopp et al., 2021; Zeng et al., 2021) investigating
the effect of sleep on explicit trauma memory found an enhancing effect of sleep. Implicit
trauma memory - mostly assessed by pre-to-post-sleep changes in mood/affective ratings during
presentation of traumatic stimuli - was only found to be reduced after sleep in one of five studies
(i.e., Wilhelm et al., 2021). These findings support the notion that sleep influences intrusions
by modulating explicit trauma memory, rather than supporting the reprocessing of the affective
component of traumatic memories. The neurophysiological underpinning of this process

requires further investigation. Our qualitative synthesis showed mixed evidence for an
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involvement of Non-REM and REM sleep. However, this evidence is based on correlational
findings in very small samples, which - so far - have not been replicated across studies. For the
current review, we were not able to perform meta-analyses on sleep characteristics and their
association with intrusion frequency or intrusion distress due to substantial between-study
heterogeneity of sleep assessments (home vs. lab-based) and reported associations. However,
building on findings of the current review, future studies may explicitly focus on memory
processes and their neurophysiological correlates, and thus make them a potential target for

future meta-analyses.

Although our analyses provided evidence for sleep having a beneficial impact on
intrusion frequency, one of the included studies has revealed opposing findings (Porcheret et
al., 2015). We aimed to find the source of these discrepancies by exploring differences between
studies that could account for opposing effects (see e.g., Schenker et al., 2021). Traditional
meta-analytical moderator analyses on study characteristics did not reveal any significant
findings, which was not surprising as the main analyses pointed to homogeneous effect
estimates. Participant-level moderator analyses only revealed one robust finding, which was
that the beneficial effects of sleep tended to be larger with increasing participant age. However,
it must be noted that the age range across studies was restricted (Range = 18-35 years), which
limits the interpretation and generalization of this finding. Reasons for the divergent finding by
Porcheret et al. (2015) may lie in the fact that the assessment of intrusions included the acute
period of sleep deprivation, whereas this phase was excluded in other studies. Alternatively, the
use of the total sleep deprivation may have elicited these effects, since they were reproduced in
their follow-up study, albeit only in a secondary analysis (Porcheret et al., 2019; but see: Zeng
etal., 2021, who employed a similar design finding a medium-sized favourable effect of sleep).
Other factors that may have introduced variance between studies are type of recruitment
(university vs. community sample), stimulus material (trauma film vs. aversive pictures), and
intrusion assessment (paper-pencil or electronic). To date, the small number of studies does not
allow for subgroup analyses, however, future meta-analysis based on a larger number of
primary studies should examine those variables by means of moderator analyses. Statistically,
our results might also point to the fact that differences in observed effect estimates may be
explained by sampling error and divergent findings can be viewed as upper and lower end of a
single distribution of effect estimates. At the same time, the number of included studies was
low, which limits the power of heterogeneity tests (von Hippel, 2015), and may have resulted

in overlooked true between-study differences. Moreover, it is important to note that our
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moderator analyses in both meta-analyses only included variables that were available for a
relevant number of included studies, limiting the scope of these analyses and thus our ability to
clarify the emergence of opposing effects of sleep. Further research investigating multiple
potentially relevant moderators, ideally in sufficiently powered studies and more heterogeneous
samples (e.g., with respect to gender and age), is thus needed to characterize potential boundary

conditions of the detrimental or beneficial impact of sleep on intrusive memories.

Beyond the limitations noted above, several others need to be considered. First, our
project involved into a systematic review over time, therefore, it was not prospectively
preregistered. There were no major changes with respect to research questions and modelling
decisions in the course of our project, however, we cannot exclude that the retrospective
registration biased our findings. Second, our analyses aggregated data across studies with very
different designs (e.g., [partial] sleep deprivation, nap sleep) and assessment methods (e.g.,
intrusion triggering task, intrusion diary). However, the lack of significant heterogeneity
supports the notion that - despite procedural differences - effect estimates were eligible for
meta-analyses. Another limitation concerns the fact that the number of studies included in our
analyses (k =9) is low compared to other meta-analyses in the trauma field (e.g., Clark, Mackay,
& Holmes, 2015; Schéfer, Becker, King, Horsch, & Michael, 2019). However, the limited
number of studies gave us the unique opportunity to gather almost all primary datasets (k = 8)
and conduct an IPD meta-analysis. These analyses strongly improved interpretation beyond
previous work in the field (Davidson & Marcusson-Clavertz, 2023; Larson et al., 2023) by
showing that sleep is not a significant predictor of any (vs. no) intrusions but of the number of
intrusions. As such, the current study constitutes an example of how collaboration can advance
the field beyond the contributions of individual studies. This is especially important in the field
of sleep research that is often limited by small sample sizes. Collaborative efforts and meta-
analytical data analyses may help to answer questions that cannot be addressed by individual
studies, while increasing the replicability of findings, which is essential to translate findings
from experimental to clinical research. However, the sample size of our meta-analysis is still
small, which may limit the validity of our findings. Sample sizes of primary studies ranged
between 39 and 94 participants, while our meta-analysis included 529 participants (or 479
participants, respectively). There is still a strong need for large multi-lab replication studies
running a single experimental design at different sites. Previous research showed that meta-
analysis and multi-lab replication projects may yield different results, with effects tending to be

larger in meta-analysis compared to multi-lab replication studies due to (small) differences in
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statistical analyses, publication bias, potential method- and context sensitivity and experimenter
effects (Lewis, Mathur, VanderWeele, & Frank, 2022). Finally, it is important to emphasize that
all included studies investigated analog symptoms in healthy participants. Although this
approach is commonly used in PTSD research (Iyadurai et al., 2019), it prevents us from
drawing strong inferences on how effects may unfold after real-world trauma exposure — effects
may be different for different types of trauma and may also differ in size. It is one of the major
strengths of analog trauma that such paradigms allow for (partly) causal modelling of processes
involved in the onset, persistence and treatment of PTSD (James et al., 2016). However, doubts
have been raised about their ecological validity (Lau-Zhu, Holmes, & Porcheret, 2018). In case
of our research, one may question whether processes involved in the occurrence of intrusions
during an intrusion triggering task (Streb, Conway, & Michael, 2017; Wegerer, Blechert,
Kerschbaum, & Wilhelm, 2013) are the same as those eliciting intrusions in everyday life of
PTSD patients. Moreover, research indicates that disturbed sleep may have a different impact
on emotional processing in those with mental disorders than in healthy individuals, thus putting
into question whether findings from healthy samples can be generalized to clinical populations
(van Someren, 2021). Bridging the gap between experimental research in the lab and clinical
research in the field thus constitutes an important next step (Blackwell & Woud, 2022), for
which the present review may provide a base. Nevertheless, one must consider that hypotheses

derived from analog studies may not prove to be valid in real-world settings.

Future research should focus on investigating the effects of sleep on intrusions in the
immediate aftermath of real-world trauma. So far, only one longitudinal observational study
examined the link between post-trauma sleep and intrusive memories after real-world trauma
(Porcheret et al., 2020), finding a U-shaped association between sleep duration in the first night
post-trauma and intrusive memories in the first week post-trauma, with both “too little” and
“too much” sleep being associated with more intrusive memories in the first week posttrauma.
Moreover, also both an increase and decrease from pre-to-post-trauma sleep duration were
associated with more intrusive memories. However, no associations emerged between post-
trauma sleep and PTSD symptoms after two months. Other studies (e.g., Neylan et al., 2021;
Schenker et al., 2023) examined the association of subjective and objective sleep data with
subsequent PTSD symptoms. Schenker et al. (2023) found a link between subjective sleep
disruptions and next-day PTSD symptoms, while objective sleep data was unrelated to PTSD
symptoms. Similary, Zhou et al. (2023) found an association between subjectively perceived

sleep distrubances within two weeks after trauma and PTSD symptoms 3-months post-trauma.

70



Neylan et al. (2021) showed a link between retrospectively reported pre-trauma insomnia,
sleep-stress reactivity and nightmares, and post-trauma symptoms of PTSD and depression.
Similarly, Reffi et al. (2023) found that pre-pandemic sleep reactivity predicted stress reactions
and depression during the Covid-19 pandemic. Future studies should employ experimental
designs in clinical contexts (within existing ethical boundaries) and may also examine how
different sleep-related interventions may be used to reduce intrusions. Generally speaking,
interventions could comprise elements of evidence-based treatment of insomnia like cognitive
behavioural techniques and relaxation as well as evidence-based interventions to promote sleep
health (e.g., Buysse, 2014; Edinger et al., 2021). Future studies will provide insights on whether
these interventions are also suitable for reducing post-trauma sleep disturbances, which may be
qualitatively different from sleep problems related to insomnia, requiring a focus on issues such
as PTSD-related nighttime hyperarousal psychoeducation, identification of alternatives to
PTSD-related safety behaviours, nightmare psychoeducation, psychoeducation about PTSD
avoidance in the context of substance/medication use, cognitive techniques, and behavioural
tracking to challenge beliefs and avoidance behaviours (Carlson et al., 2022). These treatment
targets may require including non-standard components such as sleep-directed hypnosis (Cordi,
Rossier, & Rasch, 2020; Friesen, Sopp, Cordi, Rasch, & Michael, 2023), which has been shown
to be effective in alleviating sleep problems and depression in PTSD patients (Galovsky et al.,
2016). Due to the high level of standardization, such interventions could be disseminated in a
self-guided web-based format, which would allow targeting traumatized individuals in the

immediate aftermath of trauma.

One may also think that the use of sleep-inducing medication might help to promote post-
trauma sleep. However, a robust evidence base challenges the use of sleep-inducing medication
for improving sleep quality (Solomon et al., 2021) and shows that sleep medication negatively
impacts on sleep-related memory processes (Leong et al., 2022; Seibt et al., 2008). Thus, future
research should focus on non-pharmacological sleep-inducing interventions, while

pharmacological interventions may increase the risk of long-term alterations of sleep.

Future studies may also examine the complex interplay of intrusive reexperiencing with
other PTSD symptom clusters (i.e., avoidance, numbing, hyperarousal, negative cognitions, and
mood; American Psychiatric Association, 2022). Due to the critical role of sleep in memory
consolidation, intrusive memory is the most proximal outcome of sleep interventions. However,
future studies should investigate whether and how sleep-related processes may affect other

symptom domains that are found to be highly influential in PTSD development (e.g., trauma-
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related alterations in cognition; Kube, Berg, Kleim, & Herzog, 2020) as well as a potential

mediating role of intrusive memories.

3.6. Conclusion

The present systematic review summarized evidence on the effect of sleep versus
wakefulness on intrusive memories after experimental analog trauma. By means of traditional
meta-analysis, we found evidence for a small effect of sleep as compared to wakefulness on
intrusive memory, with sleep being associated with a lower number of intrusions but unrelated
to intrusion distress. Our meta-analyses on IPD supported these findings and provided
additional insights such that sleep was related to lower intrusion frequency but did not affect
the occurrence of any versus no intrusive memory. Despite divergent findings of individual
studies employing different study designs, our meta-analyses yielded homogeneous results
pointing to a small beneficial effect of sleep after analog trauma. Future studies should critically
examine the clinical significance of this effect as well as its association with memory processes

and their neurophysiological underpinning based on larger and more diverse samples.
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4. Study 2: Crossing cultural barriers: an initial cross-cultural validation of the Arabic

compared to the German version of the Posttraumatic Stress Disorder Checklist for DSM-5*

Liider, C. C., Equit, M., Becker, N., Schonfelder, A., Glaesmer, H., Nesterko, Y., & Michael, T. (2025). Crossing
cultural barriers: an initial cross-cultural validation of the Arabic compared to the German version of the
Posttraumatic Stress Disorder Checklist for DSM-5 using multi-group confirmatory factor analysis.
European Journal of Psychotraumatology, 16(1), 2565898. DOI 10.1080/20008066.2025.2565898

4.1. Abstract

Posttraumatic stress disorder (PTSD) is prevalent worldwide, yet its phenomenology and
prevalence vary according to individual and contextual factors. Due to heightened exposure to
(post-) conflict environments, many Arabic-speaking individuals are at high risk of PTSD. The
PTSD Checklist for DSM-5 (PCL-5) is a widely used screening tool for PTSD symptoms,
validated in several languages, including German and Arabic. However, despite its frequent
cross-linguistic and cross-cultural use, a comprehensive cross-linguistic and cross-cultural
validation of the PCL-5 Arabic version still remains outstanding. To ensure the cross-linguistic
and cross-cultural comparability of the PCL-5 German and Arabic versions, this study
examined the measurement invariance in a heterogeneous sample of German-speaking (n =
283) and Arabic-speaking individuals (n = 295). Sociodemographic data and characteristics of
stressful life events were assessed. Subsequently, we examined the internal consistency of the
PCL-5 Arabic and German versions and broaden current investigations on structural validity as
conducted via confirmatory factor analyses (CFA) by multi-group confirmatory factor analyses
(MGCFA) across both language versions. The present findings show that the Arabic-speaking
subsample reported more man-made trauma, which was associated with higher PCL-5 sum
scores compared to the German-speaking subsample. The PCL-5 showed excellent internal
consistency (Cronbach’s a = .96). CFA indicated good model fit for all models tested, favouring
the Anhedonia and Hybrid models. While MGCFA confirmed configural, threshold, and metric
invariance, the scalar invariance could not be established. The present study supports previous
research indicating that the factorial structure of the PCL-5 is consistent across both language
versions in the CFA. Nevertheless, our findings show a lack of scalar invariance in the MGCFA,

which suggests potential bias in the cross-linguistic and cross-cultural comparability of the

4 Note. In this dissertation, the Supplementary Materials for Study 2 are provided in Appendix B.
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PCL-5 sum scores between the Arabic and the German versions. This highlights the need for

context-, language-, and culture-sensitive diagnostics to ensure accurate PTSD assessments.

4.2. Background

Post-traumatic stress disorder (PTSD) is a prevalent psychological response to traumatic
experiences (Koenen et al., 2017) and is commonly assessed using PTSD assessments such as
the PTSD Checklist for DSM-5 (PCL-5) (Forkus et al., 2023). The development of PTSD
assessment tools is predicated on the theoretical conceptualisation of the PTSD symptom
structure. Several theoretical models of PTSD symptom structure have been proposed in
previous research, with these models being assessed for their applicability across diverse

samples.

Conceptualisation of PTSD. While the DSM-5 (American Psychiatric Association,
2013) proposes a four-factor model of PTSD, including intrusion, avoidance, negative
alterations in cognition and mood, and alterations in arousal and reactivity, current research
has indicated limited stability of this model (Armour et al., 2015; Blevins et al., 2015) and
suggested that alternative structural models, such as the Dysphoria model, the Dysphoric
arousal model, the Anhedonia model, the Externalising behaviour model and the Hybrid model
may provide a better model fit. For an overview see Supplementary Materials (Table B1). The
Dysphoria model (Simms et al., 2002) and the Dysphoric arousal model (Elhai et al., 2011)
were derived from the DSM-5 model. The Dysphoria model comprises four factors: intrusion,
avoidance, dysphoria, and alterations in arousal and reactivity. In this model, the factor of
negative alterations in cognitions and mood was replaced by dysphoria, which includes the
symptoms of irritability or aggression, difficulties concentrating, and difficulties sleeping.
Dysphoria refers to a state of general dissatisfaction or discomfort, often associated with strong
feelings of sadness, irritability, or anxiety. As a result, the factor of alterations in arousal and
reactivity includes three symptoms in the Dysphoria model instead of six symptoms, as in the
DSM-5 model: risky and destructive behaviour, hypervigilance, and an exaggerated startle
response. The Dysphoric arousal model consists of five factors, with the alterations in arousal
and reactivity from the DSM-5 model separated into two distinct clusters of hyperarousal:
dysphoric arousal and anxious arousal. The Anhedonia (Liu et al., 2014) and Externalising
behaviour models (Tsai et al., 2014) were derived from the Dysphoric arousal model and were

extended to six-factor models. The Anhedonia model separates negative alterations in cognition
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and mood into two distinct factors: changes in negative affect and anhedonia. The Externalising
behaviour model also comprises six factors. Unlike the Anhedonia model, though, the
Externalising behaviour model combines the factors of loss of positive affect (anhedonia) and
negative affect into a single overarching factor entitled numbing. Further, dysphoric arousal
was divided into two separate factors: externalising behaviour and dysphoric arousal. Finally,
the Hybrid model (Armour et al., 2015) integrates the previously proposed Anhedonia and
Externalising behaviour models into a comprehensive seven-factor model, including intrusion,
avoidance, negative affect, anhedonia, externalising behaviour, anxious arousal, and dysphoric

arousal.

Assessment of PTSD: post-traumatic stress disorder checklist for
DSM-5. The PCL-5 is a self-report screening tool that assesses the severity of PTSD symptoms
based on the DSM-5 criteria for PTSD, referring to a most distressing traumatic event as defined
by Criterion A of the DSM-5 (American Psychiatric Association, 2013). Traumatic events are
identified using the Life Events Checklist (LEC-5; Weathers et al., 2013a). Both the PCL-5 and
LEC-5 are available in multiple languages (Hoffmann et al., 2022), including German and
Arabic, and are widely used in clinical and research settings across diverse populations (e.g.,

Liider et al. 2023), requiring cross-group psychometric robustness of the PCL-5.

Internal consistency of the PCL-5 in a cross-cultural comparison. Internal
consistency is a key aspect of psychometric robustness and a fundamental prerequisite for
structural validity, as it initially assesses how reliably the items of the PCL-5 capture PTSD
symptoms. In this context, Forkus et al. (2023) reviewed n = 47 studies on the psychometric
properties of the PCL-5 and concluded, that overall, the PCL-5 is a psychometrically strong
assessment tool with good internal consistency (Cronbach’s o > .80). A psychometric evaluation
of the German version of the PCL-5 with a clinical sample also showed high internal
consistency (a = .95; Kriiger-Gottschalk et al., 2017). Ibrahim et al. (2018) found good internal
consistency (a = .85) for the Arabic version of the PCL-5 in a war-affected sample, while
Brahim et al. (2022) reported excellent internal consistency (a = .98) for the Tunisian Arabic

version in a military sample.

Structural validity of the post-traumatic stress disorder checklist for DSM-5 in a
global and cross-cultural comparison. Relying on the substantial internal consistency of the
PCL-5, current research has focused on evaluating its structural validity, an essential step in
assessing the extent of which theoretical models of PTSD correspond to its clinical

manifestation. The findings obtained to date offer a slightly heterogeneous perspective on which
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theoretical model most accurately aligns with the data, with studies conducted across diverse
samples yielding inconsistent results: Forkus et al. (2023) reviewed findings from 39 studies,
most of which conducted factor analyses on the English version of the PCL-5 in White, military,
or university samples. In 15 of these studies, the seven-factor Hybrid model was identified as
the best-fitting model, while three studies reported comparable fit between the Anhedonia and
Hybrid models (e.g., Blevins et al., 2015). Kriiger-Gottschalk et al. (2017) and Pettrich et al.
(2024) examined the structural validity of the German version of the PCL-5, with inconclusive
results in Kriiger-Gottschalk et al. (2017), while Pettrich et al. (2024) identified the Hybrid
model as the best fitting model encompassing all PCL-5 items. Ibrahim et al. (2019) showed
findings from the CFA of the Arabic version of the PCL-5 in favour of the Anhedonia and
Hybrid models. The authors further extended single-group CFA to multi-group CFA (MGCFA)
between the Arabic and Kurdish versions of the PCL-5 in a sample of war-affected displaced
persons from Iraq and Syria. The MGCFAs revealed configural, metric, and scalar invariance

between the Arabic and Kurdish versions of the PCL-5.

The global and cross-Cultural prevalence of PTSD. Within its widespread application
in clinical and research settings, the PCL-5 serves not only as a tool for assessing PTSD
symptom severity, but also for estimating prevalence rates of PTSD, taking into account varying
cut-off scores. Notably, the estimated lifetime prevalence of PTSD in the general world
population is 3.9% (Koenen et al., 2017). However, prevalence of trauma exposure
(approximately 70%) far exceeds that of PTSD (Kessler et al., 2017). The global prevalence of
PTSD varies considerably, as it is influenced by environmental context, which affects both the
frequency (multiple vs. single events) and type (man-made vs. accidental) of trauma.
Particularly Arabic-speaking refugees and asylum seekers from North Africa and the Middle
East are frequently exposed to severe human rights violations, further exacerbated by ongoing
conflict and political instability following the Arab Spring (Ibrahim et al., 2019; Quosh et al.,
2013). Consequently, they face a heightened risk of cumulative man-made trauma (Fazel et al.,
2005; Nesterko et al., 2020), significantly increasing their vulnerability to PTSD (AlShawi,
2018; Ibrahim et al., 2018a; Nesterko et al., 2020).

Gap in current research. Considering this comprehensive body of research, it can be
summarised that despite the higher prevalence of PTSD in conflict-affected populations from
low- and middle-income countries, the factor structure underlying the PCL-5 has predominantly
been examined in populations from non-war-affected, high-income countries (Forkus et al.,

2023). To date, research has not directly compared the structural validity of the PCL-5 between
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the Arabic and German versions. The paucity of cross-linguistic and cross-cultural
investigations of the PCL-5’s factor structure poses significant limitations to its generalizability

and applicability across diverse populations.

Aims of the current study. To address this gap, the present study examines the
measurement invariance of the German (Kriiger-Gottschalk et al., 2017) and Arabic (Ibrahim
et al., 2018a) versions of the PCL-5 among German- and Arabic-speaking individuals in
Germany. To achieve this, we first assess trauma exposure (measured with the LEC-5) and
PTSD symptoms (measured with the PCL-5). Based on previous research (e.g., Georgiadou et
al., 2017), we expect the number of traumatic experiences and PTSD symptoms to be higher in
the Arabic-speaking subsample compared to the German subsample. To advance cross-cultural
research on the structural validity of the PCL-5, subsample and total sample CFAs of the six
most common factor models (see Supplementary Material [B1]) assess structural validity of
both versions, guiding subsequent analyses of (configural, threshold, metric, scalar, and full)
measurement invariance using MGCFA. In accordance with current research, it is hypothesised
that the Anhedonia and Hybrid models will demonstrate the best model fit across both the
Arabic and German subsamples, thereby providing evidence for the assessment of a similarly

conceptualised construct of PTSD.

4.3. Methods

Participants. Following established recommendations (e.g., Chen, 2008 Davidov et al.,
2014; Milfont & Fischer, 2010; Putnick & Bornstein, 2016), a target sample size of
approximately 300 participants per group was aimed for, as this is considered sufficiently large
for testing measurement invariance. A total of » = 630 non-clinical and clinical participants
were recruited for the data analysis. Participants with incomplete PCL-5 data (n = 52, 8.3%)
were excluded using listwise deletion, resulting in a final sample of n = 578 participants.
Participants completed either the German or Arabic version of the PCL-5, resulting in two
groups: German-speaking (n = 295) and Arabic-speaking (rn = 283). In the following, German-
or Arabic-speaking participants are referred to as German or Arabic participants. In the present
study, data on participants’ age, gender (Langeland & OIff, 2024), nationality, and country of
origin was collected. Moreover, the participants’ mental health status was ascertained by the
question: “Are you currently experiencing psychological distress?”. Participants who

responded affirmatively to this question were classified as ‘clinical” in the absence of a formal
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diagnosis. These participants were subsequently asked whether they were currently receiving
psychiatric or psychotherapeutic treatment. A comprehensive overview of the sample’s

characteristics is provided in Table 4.1.

Measures. The questionnaires on sociodemographic data were professionally translated
and back-translated in a similar way as is used for the translations of standardised instruments

for the assessment of PTSD (see Kriiger-Gottschalk et al., 2017; Nesterko et al., 2020)

Exposure to stressful life events. The German (Kriiger-Gottschalk et al., 2017) and
Arabic (Nesterko et al., 2020) versions of the LEC-5 (Weathers et al., 2013a), a structured 16-
item assessment tool, were used to assess criterion A of PTSD symptomatology, namely
exposure to traumatic events (American Psychiatric Association, 2013). The LEC-5 has been
internationally validated and is available in several languages, making it a frequently referenced
instrument for the detailed examination of trauma exposure in various contexts. Specifically,
the LEC-5 queries the traumatic event to which the PCL-5 refers. If no traumatic event could
be identified on the LEC-5, participants were asked to report their most stressful life event as a

reference for answering the PCL-5.

PTSD. PTSD symptoms over the past month were assessed using the PCL-5 (Blevins et
al., 2015), a 20-item self-report assessment tool rated on a five-point Likert scale from 0 (not
at all) to 4 (extremely). The scores for each item are aggregated to yield an overall severity sum
score ranging from 0 to 80, with higher scores indicating more severe symptoms. As with the
LEC-5, we used the German (Kriiger-Gottschalk et al., 2017) and Arabic (Nesterko et al., 2020)
versions of the PCL-5.

Procedure. Data was collected through an online survey, with recruitment coordinated
by three psychological research centres and outpatient clinics, enrolling participants between
2022 and 2024. Informed consent was obtained from all participants. Those who refused to
provide their informed consent were not permitted to participate. Overall, participants provided
sociodemographic data and completed the LEC-5 and PCL-5, and they were compensated for
their participation. The study was approved by the local ethics committee (ethics committee

number: 2123) in October 2021.

Data Analysis. All statistical analyses were conducted using R 4.1.0 (R Core Team,
2021). For the CFAs and MGCFAs, the lavaan package (Rosseel, 2012) was used. Due to the
current limitations in handling ordinal variables with Full Information Maximum Likelihood

(FIML; Enders & Bandalos, 2001) in lavaan, listwise deletion was applied to cases with missing
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PCL-5 data. This conservative approach was chosen to ensure valid estimations under the given

model assumptions.

First, we computed descriptive statistics for the sociodemographic, psychological
distress, and current treatment data, focusing especially on the descriptive analysis of stressful
or traumatic life events assessed using the LEC-5, and PTSD symptom severity measured with
the PCL-5. Then, the internal consistency of the PCL-5 was assessed using Cronbach’s alpha

to ensure an adequate level of reliability for subsequent structural modelling.

To evaluate the structural validity of the PCL-5 in a cross-cultural comparison, we
conducted separate CFAs for both, the German and Arabic subsamples, examining the DSM-5
model, Dysphoria model, Dysphoric arousal model, Anhedonia model, Externalising behaviour
model, and Hybrid model. The primary aim of these separate CFAs was to examine whether
the same models provided the best fit within each subsample, thus offering preliminary insights
into the cross-linguistic and cross-cultural comparability of the PCL-5’s structural validity.
Subsequently, the same set of models was evaluated in a CFA conducted on the total sample.
The best-fitting model from this analysis was used as the baseline model for the subsequent
MGCFA. Based on the recommendations by Somaraju et al. (2022) measurement invariance of
the PCL-5 across the German and Arabic subsamples was examined using a hierarchical
procedure. Specifically, we sequentially tested for configural invariance(equal factor structures
across the subsamples), threshold invariance (given the ordinal nature of the data, thresholds
were also tested for equality across subsamples), metric invariance (equal factor loadings across
the subsamples), scalar invariance (equal loadings, thresholds, and intercepts across the
subsamples), and full invariance (equal loadings, thresholds, intercepts, and residuals across the
subsamples) (Somaraju et al., 2022). A comprehensive overview on the interpretation of
measurement invariance levels in cross-cultural research can be found in Milfont and Fischer
(2010). Due to the ordinal nature of the PCL-5 variables, CFA and MGCFA were conducted
using a Weighted least square mean and variance (WLSMV) adjusted estimator with theta
parameterisation, as recommended by Muthén and Christoffersson (1981), to effectively handle
categorial data and address data skewness. Since well-fitting models may sometimes yield
significant y? values when the factor structure is complex (Bentler & Bonett, 1980), we further
considered the recommendations of Hu and Bentler (1999) for assessing model fit. Models in
CFA and MGCFA are considered well-fitting if the comparative fit index (CFI) and Tucker—
Lewis index (7L[) are > .95, the root mean square error of approximation (RMSEA) is < .06,

and the standardised root mean square residual (SRMR) is < .08 (Hu & Bentler, 1999). In the
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model fit comparison, differences were considered negligible when the fit indices were as
follows: ACFI < .002, ATLI < .01, ARMSEA < .015, and ASRMR < .030 (Chen, 2008; Hu &
Bentler, 1999; Meade at al., 2008). To compare nested models in MGCFA, we used the Satorra—

Bentler test (Satorra & Bentler, 2001), which is robust against violations of normal distribution.

Table 4.1 Demographic Characteristics

Characteristic German subsample Arabic subsample Total sample
n =283 n =295 n =578
n (%) M (SD) n (%) M (SD) n (%) M (SD)
Age? 35.33 34.41 34.86
(12.36) (10.90) (11.64)
Gender
Male 92 (32.51) 183 (62.03) 275 (47.58)
Female 188 (66.43) 111 (37.63) 299 (51.73)
Prefer not to say 3 (1.06) 1(0.34) 4 (0.69)
Country of origin
Germany 283 1(0.34) 284 (49.13)
(100.00)
Middle Eastern - 250 (84.75) 250 (43.25)
countries
African - 37 (12.54) 37 (6.40)
countries
Other countries - 1(0.34) 1(0.17)
Psychological disorder/
distress®
No 230 (81.27) 219 (74.24) 449 (77.68)
Yes 53 (18.73) 76 (25.76) 129 (22.32)
Psychological or
psychiatric treatment
No 244 (86.22) 242 (82.03) 486 (84.08)
Yes 39 (13.78) 53 (17.97) 92 (15.92)
PTSD®
Sum score 283 14.13 282 (95.59) 26.63 565 (97.75) 20.37
(100.00) (15.72) (19.76) (18.90)
Traumatic events¢
At least one 233 (82.33) 261 (88.47) 494 (85.47)
Total per person 2.89 (2.66) 5.73 (4.16) 4.34 (3.78)

Note. Percentages are based on the total (sub)sample. Totals may vary slightly from 100% due to rounding and
missing data. %in years; ®participants answering yes to psychological disorder/ distress were classified as clinical; no
as non-clinical; “according to the PCL-5; Yaccording to the LEC-5.
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4.4, Results

Descriptive Statistics. The participants in the present study were either German-
(n = 295) or Arabic-speaking (n = 283), and all resided in Germany to control for institutional
conditions. Of the Arabic-speaking subsample, n = 121 participants indicated that they were
residing in Germany as refugees or asylum seekers, while n = 68 reported having immigrated
for professional or personal reasons. A considerable proportion of the Arabic participants were
from Syria, while the remaining participants came from various African and Middle Eastern
countries (see Table 4.1 for details). The German participants were exclusively from Germany.
While the total sample demonstrated a balanced gender distribution, the Arabic and German
subsamples exhibited significant differences (y*(1) = 48.46, p <.001, for details see Table 4.1).
In total, 22.32% of participants reported suffering from a mental disorder or psychological
distress, with no significant difference observed between the two subsamples (y*(1) = 3.73,
p =.054). Similarly, a slightly lower proportion of the total sample (15.92%) reported receiving
psychotherapeutic and/or psychiatric treatment, also with no meaningful difference between the
two subsamples (y*(1) = 1.59, p = .207). All participants reported experiencing at least one
stressful life event. Among them, 85.47% of the total sample (88.47% of Arabic participants
and 82.33% of German participants) reported exposure to at least one potentially traumatic
event, as assessed with the LEC-5. The remaining reported events were reviewed for
plausibility and included experiences such as bullying, parental separation, or the loss of a pet.
Furthermore, based on the LEC-5, the total sample reported an average of M = 4.34 (SD = 3.78)
traumatic events experienced or witnessed per person. Specifically, the Arabic subsample
reported an average of M = 5.73 (SD = 4.16) traumatic events per person, approximately twice
as many as the German subsample (M = 2.89, SD = 2.66; 1(502.66) = 9.80, p <.001; see Table
4.1). In terms of trauma type, the most commonly reported events included transport accidents
and severe human suffering. However, the distribution of trauma types varied notably between
the German and Arabic subsamples. In the Arabic subsample, the most commonly reported
events were man-made, such as a fire or explosion, combat or exposure to a war zone. By
contrast, in the German subsample, the most common events were accidental, such as transport
accidents or life-threatening illness or injury (see Supplementary Material [B2]). Regarding the
PTSD symptom severity, the total sample (n = 565) showed a mean PCL-5 score of M =20.37
(SD = 18.90; range = [0, 80]). Mean PCL-5 scores were significantly higher in the Arabic
subsample (M = 26.63, SD = 19.76, range = [0; 80]) compared to the German subsample (M =
14.13, SD = 15.72, range = [0; 71]; W = 55,054, p < .001), indicating a greater PTSD symptom

burden in the Arabic subsample.
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Internal Consistency. The internal consistency of the PCL-5 demonstrated excellent
reliability in the total sample (Cronbach’s o = .96, 95% CI [.95-.96]), as well as in the German
(Cronbach’s a = .95, 95% CI [.94—.96]) and Arabic (Cronbach’s a = .96, 95% CI [.95-.96])
subsamples. The average inter-item correlation was M(r) = 0.54, with negligible differences
between the German and Arabic versions of the PCL-5. Notably, inter-factor correlations

allowed us to measure PTSD as a cohesive construct.

Structural Validity. To assess structural validity, the most common six models (see
Supplementary Materials [B1]) were tested using separate and overall CFAs. The fit indices for
the separate CFAs of the German and Arabic versions of the PCL-5 are presented in Table 4.2,
and the fit indices for the overall CFA are shown in Table 4.3. Examining the German version
of the PCL-5, the CFAs indicated an excellent model fit for both the Hybrid and Anhedonia
models, while all models were considered to have an adequate fit. Differences in fit indices
comparing the Anhedonia and Hybrid models indicated a negligible change in model fit that

marginally favoured the Anhedonia model over the Hybrid model.

For the Arabic version of the PCL-5, the CFA results indicated an acceptable model fit
for all models tested, but the Hybrid model was favoured. Given the generally good model fit,
we investigated the changes in fit indices, but we found that the ACFI, ATLI, ASRMR, and
ARMSEA showed negligible changes in model fit. The CFA of the total sample confirmed the
findings of a good to excellent model fit for both the Anhedonia and Hybrid models, with a

marginal preference for the Hybrid over the Anhedonia model.
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Table 4.2 Overview of Model Fit Indices from the CFAs per Subsample

German subsample

Model n npar x df p CFl  ACFI SRMR ASRMR  TLI  ATLI  RMSEA [90% CI] ARMSEA
DSM-5 283 106 266.375 164 <.001 975 - .055 - 972 - .071 [.062—-.080] -
Dysphoria 283 106 263.386 164 <.001 975 - .057 - 971 - .071 [.062—-.080] -
Externalising behaviour 283 115 202.608 155 .006 981 - .050 - 976 - .065 [.056-.074] -
Dysphoric arousal 283 110 205.452 160 .009 981 - .050 - 978 - .063 [.053-.072] -
Hybrid 283 121 127.076 149 903 .989 - .040 - 987 - .049 [.038—.059] -
Anhedonia 283 115 131.364 155 916 990 .000 .041 -.001 988  -.001 .047 [.036-.057] .002

Arabic subsample

Model n npar P df P CFI  ACFI SRMR ASRMR TLI ~ATLI ~ RMSEA[90%CI]  ARMSEA
Dysphoria 282 106 286397 164 <001 970 - 047 - 965 - 085 [.077-.094] -
Dysphoric arousal 282 110 204159 160 010 979 - 042 - 975 - 072 [.063—.081] -
DSM-5 282 106 208335 164 011 979 - 042 - 976 - 071 [.062—.080] -
Externalizing behaviour 282 115 185597 155  .047 980 - 040 - 976 - 071 [.062—.080] -
Anhedonia 282 115 156335 155 455 985 - 037 - 981 - 063 [.053-.072] -
Hybrid 282 121 135745 149 774 98  -.002  .034 003 983  -001  .060[.050-.070] 022

Note. Models are presented in hierarchical order, with the best-fitting model at the bottom. ACFI and ARMSEA represent differences in fit indices relative to the immediately
preceding model with a slightly poorer fit. n: number of participants; npar: number of parameters; y% chi-square; df: degree of freedom; CFI: comparative fit index; SRMR:
standardised root mean square residual; 7LI: Tucker—Lewis index; RMSEA: root mean square error of approximation.
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Table 4.3 Overview of Model Fit Indices from the CFAs in the Total Sample

Total sample

Model n npar P df P CFI  ACFI SRMR ASRMR TLI ~ATLI ~ RMSEA[90%CI]  ARMSEA
Dysphoria 565 106 434458 164 <001 974 - 042 - 970 - 081 [.075-.087] -
DSM-5 565 106 349.954 164 <001  .980 - 038 - 976 - 072 [.066—.078] -
Dysphoric arousal 565 110 322.838 160 <001 981 - 037 - 977 - 071 [.065-.077] -
Externalising behaviour 565 115 314.054 155 <001  .980 - 037 - 976 - 073 [.067—.079] -
Anhedonia 565 115 193.955 155 018  .989 - 030 - 986 - 055 [.048-.061] -
Hybrid 565 121 178296 149 051 989  .000  .029 001 986 .000  .055[.048-.061] .000

Note. Models are presented in hierarchical order, with the best-fitting model at the bottom. ACFI and ARMSEA represent differences in fit indices relative to the immediately
preceding model with a slightly poorer fit. n: number of participants; npar: number of parameters; > chi-square; df: degree of freedom; CFI: comparative fit index; SRMR:
standardised root mean square residual; 7LI: Tucker—-Lewis index; RMSEA: root mean square error of approximation



In summary, the separate and the total sample CFAs suggest that both the Anhedonia
and Hybrid models have a good to excellent model fit. Consequently, we tested measurement
invariance by comparing the German and Arabic versions of the PCL-5 based on both the

Hybrid and Anhedonia models via MGCFA, which involved a series of hierarchical model tests.

Measurement Invariance. We first assessed configural and threshold invariance based
on the Anhedonia model, then we tested metric, scalar, and full invariance. The Anhedonia
model confirmed configural and threshold invariance, with fit indices meeting the cut-off
criteria. Notably, in the MGCFA of the Anhedonia model, metric invariance was evaluated as
given. Testing scalar invariance, CFI = .986, TLI = .986, SRMR = .044 and RMSEA = .053,
90% CI [.046—.059] (see Table 4.4), suggested a reasonably good model fit, y%(df = 378) =
519.095, p < .001. Additionally, the comparison of the metric and scalar models, indicated by
AyA(df = 14) = 91.888, p < .001, led to the rejection of the assumption of scalar and full
invariance. Following the same procedure mentioned above, the results of the MGCFA based
on the Hybrid model confirmed both configural and threshold invariance (see Table 4.4 for fit
statistics). For metric invariance, the model test indicated a good model fit for the metric model,
while the remaining fit indices suggested a good model fit for the scalar model: CFI = .986,
TLI= 985, SRMR = .043, RMSEA = .054, 90% CI [.047—-.060]. However, scalar invariance was
rejected in the MGCFA based on the Hybrid model, as indicated by y*(df = 364) = 490.434,
p <.001 and 4y%(df=13)=91.135, p <.001, when comparing the metric to the scalar invariance
model. Full invariance was similarly rejected due to the rejection of scalar invariance in the
MGCFA based on the Anhedonia and Hybrid models. In the MGCFA, the German and Arabic
versions of the PCL-5 did not show scalar invariance. The fit indices (CFI and TLI) also
increased up to metric invariance and then decreased, while RMSEA reached its lowest value
during metric invariance testing and increased thereafter (see Table 4.4). This suggested a good
model fit for the configural and threshold invariance model, assuming that metric invariance
did not degrade the model fit. Testing the scalar invariance model revealed significant chi-
square values (p < .001) and a significant decrease in model fit (4y?) from the metric to the
scalar invariance model. This confirmed the rejection of scalar invariance, indicating

differences in the intercepts between the two versions of the PCL-5 across subsamples.
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Table 4.4 Fit Statistics for the MGCFA of the German and Arabic versions of the PCL-5 across German and Arabic Subsamples

Anhedonia model n npar x df p CFI SRMR TLI RMSEA [90% CI|
Configural model 565 230 287.700 310 .814 987 .039 985 .055 [.047-.062]
Threshold model 565 190 346.418 350 544 987 .039 .986 .051 [.045-.058]
Metric model 565 176 427.206 364 012 .989 .044 .989 .047 [.040-.054]
Scalar model 565 162 519.095 378 <.001 .986 .044 .986 .053 [.046-.059]
Full model 565 142 519.095 398 <.001 985 .044 .986 .052 [.046-.058]

Hybrid model n npar x df p CFI SRMR TLI RMSEA [90% CI|
Configural model 565 242 262.820 298 .930 988 .037 985 .054 [.047-.061]
Threshold model 565 202 321.539 338 732 988 .037 987 .051 [.044-.058]
Metric model 565 189 401.350 351 .033 .989 .043 988 .048 [.041-.055]
Scalar model 565 176 490.434 364 <.001 .986 .043 985 .054 [.047-.060]
Full model 565 156 490.434 384 <.001 985 .043 985 .053 [.047-.059]

Note. n: number of participants; npar: number of parameters; y°: chi-square; df: degree of freedom; CFI: comparative fit index; SRMR: standardised root mean square residual;
TLI: Tucker—Lewis index; RMSEA: root mean square error of approximation.



4.5. Discussion

The present study investigated the cross-cultural validation of the German and Arabic
versions of the PCL-5 to ensure its cross-cultural comparability. Initially, the present findings
indicate that, while no significant difference was observed between the Arabic and German
subsamples in terms of exposure to at least one traumatic event, the two subsamples differ in
terms of trauma frequency and trauma type. The Arabic participants reported nearly twice as
many traumatic events per person, with a significantly higher rate of man-made trauma. This
finding aligns with previous research (Blackmore et al., 2020; Nesterko et al., 2020) that
identifies cumulative exposure to interpersonal trauma as a significant risk factor for the
development of severe PTSD. Correspondingly, the Arabic subsample displayed higher PCL-5
scores than the German subsample, that reported fewer, predominantly accidental traumatic
events. These findings underscore the importance of a robust, culturally sensitive validation of
the PCL-5 to enable a valid interpretation of (the observed) differences in symptom severity

and prevalence.

The internal consistency of the PCL-5 was found to be excellent, supporting its status
as a psychometrically robust instrument (Blevins et al., 2015; Brahim et al., 2022; Kriiger-
Gottschalk et al., 2017) and justifying further investigation of its structural validity.

The subsample CFAs and the total sample CFA demonstrated an adequate fit for all
tested models. The Hybrid and Anhedonia models exhibited the best model fit, consistent with
the conceptual overlap between these six to seven factor models. Both models include the core
symptom clusters of PTSD such as intrusion, avoidance, negative affect, anhedonia, as well as
dysphoric and anxious arousal. The Hybrid model further differentiates dysphoric arousal by
isolating externalising symptoms (e.g., irritability, risk-taking behaviour), thereby recognising
that heightened negative affect or cognitive distress does not necessarily lead directly to

behavioural dysregulation.

While the Anhedonia and Hybrid models are frequently identified as the most suitable
structures in both the Arabic and German PCL-5 (e.g., Ibrahim et al., 2019), this alone does not
justify conclusions about cross-cultural comparability (Brown et al., 2015). Moreover, an
examination of the PCL-5’s measurement invariance is essential to ensure the comparability of
outcomes in its global application. In light of the ongoing political unrest and global refugee
movements, the evaluation of the cross-cultural applicability of the PCL-5, particularly between
European and Middle Eastern populations, is highly relevant. Addressing this, the present study

applied MGCFA to test measurement invariance across the German and Arabic versions of the
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PCL-5. The results of the MGCFA, based on the Anhedonia and Hybrid models, supported
configural, metric, and threshold invariance, underscoring the instrument’s conceptual
robustness in this cross-linguistic and potentially cross-cultural contexts. The confirmed metric
invariance suggests that the PCL-5 items exhibit a comparable correlation with underlying
PTSD factors in both the German and Arabic versions. However, the lack of scalar invariance
suggests that some items may function differently across both, the Arabic and the German
versions. In particular, differences in item intercepts have the potential to lead to different PCL-
5 sum scores, even when the underlying level of PTSD severity is equivalent across groups.
The underlying causes of the differences in item intercepts cannot be definitively ascertained
based on the present findings. One possible explanation for this phenomenon is that lacking
scalar invariance reflects variations in the meaning-making and expression of PTSD symptoms
across the Arabic and the German languages and cultures (Hosny et al., 2023). For instance,
certain symptoms of PTSD may carry different connotations, are more or less socially
acknowledged, or are interpreted differently in terms of severity or salience, potentially
influencing the item responses (Hinton & Lewis-Fernandez, 2011; Hosny et al., 2023).
Therefore, a comparison of the PCL-5 sum scores of the German and Arab versions may result
in an inaccurate interpretation, as the observed differences may reflect a measurement bias
rather than actual differences in symptom severity. A frequently applied approach in current
research involves the utilisation of sample-specific cut-off adjustments (Pettrich et al., 2025),
derived from sensitivity and specificity analyses. Although such adjustments have been
implemented empirically in previous studies, measurement invariance of the PCL-5 German
and Arabic version had not yet been formally examined. The present findings are consistent
with these prior adaptations and offer preliminary empirical evidence that validates their

efficacy.

Limitations. Due to the specificity of the examined sample, particularly the Arabic
subsample, the scalar non-invariance observed in this study suggests that PCL-5 outcomes may
not be fully comparable between German individuals and Arabic individuals with refugee or
migration backgrounds. Although the total sample was recruited in Germany to align living
conditions and ensure system standardisation, the Arabic subsample differs from the German
subsample in terms of sociocultural homogeneity. Specifically, the Arabic subsample primarily
includes migrants and refugees from various countries of origin, resulting in increased
heterogeneity within the subsample and potentially contributing to selection bias. Accordingly,
differences between the subsamples extend beyond mere linguistic or cultural variation. Due to

this sociocultural heterogeneity and other confounding factors, the results must be interpreted
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with caution, as Arabic culture should not be treated as a homogenous construct. Thus, no
conclusions should be drawn regarding the comparability of PCL-5 outcomes across all Arabic-
speaking populations. Additionally, processes of cultural adaptation in the host country may
have influenced symptom reporting, potentially leading to an underestimation of measurement

variance in the cross-cultural comparison and overly optimistic conclusions.

A selection bias is likely introduced by conducting the (MG)CFA as a complete-case
analysis by including only participants with complete PCL-5 data. This may limit
representativeness of the sample, as missing data, which is not entirely random, may
systematically exclude certain subgroups. Although alternative methods for handling missing
data, such as FIML, are well-established in structural equation modelling, FIML is currently
not fully supported for ordinal (categorical) indicators in lavaan (Rosseel, 2012). Therefore, we
opted for a conservative approach using WLSMYV estimation in lavaan to ensure appropriate
modelling of ordinal data. This approach also minimises potential bias from imputation and
enhances internal validity, but at the cost of a reduced sample size and a potential increase in
selection bias if data is not missing completely at random. Consequently, this limits ecological

validity and the generalizability of our findings.

The lack of scalar invariance often prompts testing for partial scalar invariance, which
involves freeing intercepts for items exhibiting non-invariance (Putnick & Bornstein, 2016).
However, as discussed above, the limited comparability of the subsamples can complicate such
analyses. Additionally, when assessing partial scalar invariance, it is assumed that only a limited
number of items vary across groups. Conversely, the absence of scalar invariance alongside
robust metric invariance demonstrated in the present study suggests that a considerable number
of items likely exhibit non-invariance. Therefore, the examination of partial invariance appears

to be unwarranted in this context.

Another limitation of the present study is that it considered only those factor models that
had already been assessed in both the German and Arabic versions of the PCL-5. While this
approach ensures a methodologically well-founded model selection, it does not claim to be
exhaustive. For instance, the parsimonious and psychometrically robust two-factor bifactor
model proposed and tested by Pettrich et al. (2024) in the German PCL-5 version was not

included in the analyses.

Clinical implications. Parsimonious models, such as the DSM-5 model, have
demonstrated clinical advantages (e.g., Pettrich et al., 2024). The reduced number of factors in

general results in an increased number of items per factor, thereby enhancing model stability
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for parsimonious models. Thus two- to four-factor models have been proposed to enhance
clinical utility (e.g., Schmitt et al., 2018). Conversely, more complex models comprising
numerous narrowly defined factors are challenging to implement in clinical practice,
particularly when individual factors are represented by fewer than three items (e.g., avoidance
or anxious arousal). This has been demonstrated to be associated with diminished psychometric
stability and limited interpretability (Rasmussen et al., 2019). Nonetheless, while complex
factor models may complicate clinical implementation, they allow for a more nuanced
representation of PTSD symptomatology. For instance, the Hybrid and Anhedonia models
differentiate symptom clusters (e.g., intrusions, avoidance, negative mood/cognition,
hyperarousal), supporting more precise diagnosis. Consistently, these two multidimensional
models demonstrated superior model fit compared to parsimonious factor models, such as the

DSM-5 model, in the present study.

As previously indicated, the lack of scalar invariance in the superior models examined
in MGCFA indicates that PCL-5 cut-off scores may necessitate sample-specific adaptation.
Current research recommended cut-off scores ranging from 22 to 49. For instance, Kriiger-
Gottschalk et al. (2017) proposed a cut-off of 31-33 for German samples, while Ibrahim et al.
(2018) advocated a cut-off of 23 for Arabic samples from (post-)conflict regions. The
adaptation of cut-off scores to the cultural, linguistic, and contextual characteristics of the target
population, as described previously, has the potential to enhance the accuracy and comparability
of PTSD assessments across groups (see also Ibrahim et al., 2018a). In heterogeneous
populations, sample-specific cut-off adaptations remain the most pragmatic approach to
minimise diagnostic bias, ensuring cultural sensitivity and maintaining the comparability to

ensure the global validity of the PCL-5.

Future research. Future research should aim to identify models that achieve an optimal
balance between good model fit, model parsimony, clinical utility, and diagnostic precision. In
order to consider clinical implications, it is essential that future research include parsimonious
models in their measurement invariance analysis, considering all recent factor models for PCL-

5.

The present findings are currently limited to German- and Arabic-speaking populations
in Europe. Future research should include more diverse populations (e.g., Hansen et al., 2023)
to enhance generalizability and validate diagnostic instruments that account for population-
specific differences in symptom perception and expression, enabling accurate cross-group

comparisons (Kleim & Ehlers, 2008; Wortmann et al., 2016). To ensure diagnostic accuracy
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across diverse populations and contexts, measurement invariance analyses of the PCL-5 should
be extended. This will improve prevalence estimates, facilitate the identification of treatment

needs, and enhance access to psychotherapeutic care.

While the present study primarily focused on measurement invariance between the
German and Arabic versions, other studies have examined either the factor structure or the
convergent and divergent validities of the PCL-5 separately within the German and Arabic
samples (e.g., Ibrahim et al. 2018; Kriiger-Gottschalk et al., 2017). Thus the present conclusions
are based on a combination of the current research, and the present study findings. Due to the
methodological scope of the analyses, a full integration of these additional evaluations was not
feasible within the present study. Therefore, to strengthen the basis from speculative to concrete
recommendations on cut-off adaptations, we intend to expand the present study of measurement
invariance by conducting a comprehensive psychometric evaluation of the PCL-5,
encompassing assessments of construct validity, convergent and discriminant validity, as well
as criterion validity. In this regard, sensitivity, specificity, and ROC analyses will be employed

to ascertain subgroup-specific cutoff scores for the PCL-5 German and Arabic version.

To comprehensively assess measurement invariance in cross-cultural PTSD assessment,
future research should extend such designs beyond a single instrument, such as the German and
Arabic versions of the PCL-5. While preliminary evidence supports the hypothesis of
configural, metric, and scalar invariance of the Impact of Event Scale—Revised (IES-R) across
gender, age, and marital status (e.g., Ali et al., 2022), cross-linguistic or cross-cultural
invariance for IES-R and also for clinical interviews like the Clinician-Administered PTSD
Scale for DSM-5 (CAPS-5; Weathers et al., 2013b), between English or other Western language
and Arabic versions, remains largely unexplored. Expanding measurement invariance testing to
a broader range of tools would therefore enhance understanding of the cross-cultural

applicability of the Western conceptualisation of PTSD.

4.6. Conclusion

Overall, both the German and Arabic versions of the PCL-5 are reliable diagnostic tools
for assessing PTSD symptoms, with a six-to-seven-factor structure (Anhedonia and Hybrid
models) being confirmed for both versions by single-group CFAs. Moreover, the present study
provides important evidence for metric measurement invariance of the PCL-5 across the
German and Arabic populations, allowing meaningful comparisons of PTSD symptom structure
between these populations. However, the scalar non-invariance suggests that the sum scores are

not directly comparable, as it is debatable whether the strength in symptom experience and
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expression of PTSD in PCL-5 differ between German and Arabic. Addressing this, future
research is needed to validate context-sensitive, population-adapted cut-off scores to improve
diagnostic accuracy. In addition, comprehensive psychometric research is needed, including the
investigation of measurement invariance in other PTSD instruments in several populations for

a more global view on PTSD assessment adequacy.

In a broader context, our findings underscore the critical need for cultural, linguistic, and
contextual sensitivity in the assessment of PTSD to avoid bias in epidemiologic research (e.g.,
prevalence estimates) and clinical practice (e.g., assessment of mental health care needs and
identification of appropriate treatment), particularly when applying Western-developed
instruments to populations with divergent cultural backgrounds. Ultimately, adopting flexible,
context-adapted approaches will enhance both psychometric robustness and clinical utility,

ensuring fair, valid cross-cultural PTSD diagnoses and better-informed treatment decisions.
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5. Study 3: Moderate-intensity aerobic exercise training as an adjunct to trauma-focused
psychotherapy in traumatized refugees and asylum seekers: study protocol of a randomized

controlled trial.?

Liider, C. C., Michael, T., Lass-Hennemann, J., Schanz, C. G., Venhorst, A., Meyer, T., & Equit, M. (2023).
Moderate-intensity aerobic exercise training as an adjunct to trauma-focused psychotherapy in traumatized
refugees and asylum seekers: study protocol of a randomized controlled trial. European Journal of

Psychotraumatology, 14(2), 2251777. DOI 10.1080/20008066.2023.2251777

5.1. Abstract

Refugees with exposure to multiple traumatic events are at high risk for developing
posttraumatic stress disorder (PTSD) and depression. Narrative exposure therapy (NET) is an
effective treatment for the core symptoms of PTSD, but it does not reliably reduce depressive
symptoms. Endurance exercise on the other hand was consistently found to be effective in
treating depression making it a promising adjunct to NET. Up to date, no studies exist
investigating the combination of NET and endurance exercise in a sample of refugees with
PTSD and comorbid depression. In the proposed randomized controlled trial, we aim to
investigate whether a combination of NET and moderate-intensity aerobic exercise training
(MAET) enhances treatment outcome for refugees with PTSD and comorbid depressive
symptoms. We expect a greater improvement in psychopathology in participants who receive
the combined treatment. 68 refugees and asylum seekers with PTSD and clinically relevant
depressive symptoms will be recruited in the proposed study. Participants will be randomly
assigned to receive either NET only (NET-group) or NET plus MAET (NET"-group). All
participants will receive 10 NET sessions. Participants in the NET -group will additionally take
part in MAET. Primary (PTSD, depression) and secondary (general mental distress,
agoraphobia and somatoform complaints, sleep quality) outcome measures will be assessed
before treatment, after treatment, and at six-month follow-up. The hypotheses will be tested

with multiple 2 x 3 mixed ANOVA’s.

5 Note. In this dissertation, the Supplementary Materials for Study 3 are provided in Appendix C.
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5.2. Background

An increasing number of people is forced to leave their homes because of war, human
rights violations and natural disasters. Since 2020, the number of forcibly displaced people
worldwide exceeded 1% of the world’ s population (UNHCR, 2021). The United Nations High
Commissioner for Refugees (UNHCR) reported that in May 2022 over 26.3 million refugees
were under UNHCR’s mandate and that 4.5 Mio asylum seekers out of 101.1 Mio displaced
people worldwide had to flee their hometowns due to war, violent conflicts, and persecution
(UNHCR, 2022). Most of them have been exposed to traumatic events before, during and after
their flight. A recent German study showed that 85.5 % of newly arrived refugees reported
having experienced at least one traumatic event (Nesterko et al., 2020): 75.7% of the
participants reported interpersonal traumatic events. Physical assault was the most frequently
experienced event, followed by interpersonal threat/assault with a weapon. Incidents of severe
human suffering, and sexual assaults were also reported. Sexual assaults were more frequently

reported by women than by men.

In fact, refugees tend to be exposed to multiple man-made traumatic events posing them
at a particularly high risk for the development of posttraumatic stress disorder (PTSD) and
comorbid depressive symptoms (Blackmore et al., 2020; Fazel et al., 2005; Nesterko et al.,
2020). Two recent studies showed that 35-40% of refugees® in Germany suffer from PTSD and
21.7 % from depression (Gébel et al., 2006; Nesterko et al., 2020). These high rates stand in
contrast to the one-year prevalence rates of PTSD (2.3 %) and depression (7.7 %) in the general
population in Germany (Jacobi et al., 2014). PTSD and depression often co-occur (e.g.,
Blackmore et al., 2020) and tend to maintain or even reinforce each other. PTSD patients
suffering from comorbid depression show a higher impairment in global functioning (Momartin

et al., 2004) and a reduced treatment progression and treatment response (Haagen et al., 2017).

Trauma-focused psychotherapy (TFP) is the gold standard for treating PTSD (e.g., Lewis
et al., 2020). For patients with PTSD and depression, the National Institute for Health and Care
Excellence (NICE) recommends that PTSD is treated first unless the depression is severe
enough to make psychotherapeutic treatment of PTSD difficult or puts the person at risk of
harming themselves (NICE, 2018). Narrative exposure therapy (NET) is a TFP developed for

survivors of traumatic events (Schauer et al., 2011). In NET, patients construct a chronological

®In this studyprotocol the term “refugees” is used interchangeably with “refugees and asylum
seekers”. Therefore, the term “refugees” refers to both individuals who have been granted
refugee status and those who are seeking asylum.
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narrative of their lives with emphasis on the traumatic experiences. Research on the efficacy of
NET in treating PTSD in refugees consistently show significant improvements in PTSD

symptoms although not all patients achieve loss of diagnosis (Cusack et al., 2016).

Studies on the effects of NET on depression show mixed results (e.g., Kip et al, 2020;
Nose et al 2017; Stenmark et al., 2013). While some studies found significant reduction of
depression symptoms (e.g., Adenauer et al., 2011), others did not (Hensel-Dittmann et al., 2011)
or found no long-term effects (Alghamdi et al., 2015). Several adjuvant interventions have been
proposed as boosters of TFP with respect to PTSD and comorbid symptoms (Michael et al.,
2019). Of these possible adjuvant interventions aerobic exercise seems to be a particularly
promising option (for example see Bryant et al., 2022). Exercise in general has been found to
have beneficial effects on several psychological disorders, which may be explained by
neurobiological mechanisms including modifications in the Hypothalamic—Pituitary—Adrenal
(HPA) axis activity, monoamine metabolism (Alghadir & Gabr, 2020; Autry & Monteggia,
2012; Ploski & Vaidya, 2021)., and Brain-Derived Neurotrophic Factors (BDNF) (Castrén &
Monteggia, 2021; Knaepen et al.,, 2010, Powers et al., 2015). Additionally, psychological
factors such as increased self-efficacy and self-esteem may also contribute to the effectiveness

of exercise in treating psychological disorders (Asmundson et al., 2013; Holz & Michael, 2013).

Effects of exercise on depressive symptoms. Extensive empirical evidence shows that
exercise significantly reduces depression (Schuch et al., 2016). Wegner et al. (2014) that
synthesize meta-analyses on the effects of exercise on anxiety and depression found a moderate
anti-depressant effect. A current systematic review and meta-analysis by Bjérkman and Ekblom
(2022) on the effect of physical exercise on PTSD including different types of aerobic and
resistance exercise also found a beneficial effect of exercise on depressive symptoms in PTSD
patients. While the above-described studies and meta-analyses focus on exercise as a stand-
alone treatment, there are a few studies focusing on exercise as an adjuvant treatment.
Rosenbaum et al. (2015) investigated the effect of a 12-week exercise intervention (walking
programme) in addition to treatment as usual (TAU) in a sample of PTSD patients and found a
large effect favour combined intervention to decrease depressive symptoms. Nordbrandt et al.
(2020) conducted a similar study in a refugee sample with PTSD but did not find an effect on

mixed exercise as an adjunct to TAU on depression symptoms.

Effects of exercise on PTSD symptoms. There is preliminary evidence that exercise may
also reduce PTSD symptomatology (Fetzner & Asmundson, 2015; Hegberg et al., 2019, Knappe
et al., 2019). A systematic review by Vancampfort et al. (2017) found that exercise is especially
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effective in reducing PTSD-symptomatology for patients with a lower baseline physical fitness.
In the above-mentioned meta-analysis Bjorkman and Ekblom (2022) also reported a positive
effect of physical exercise on PTSD as a primary outcome. The effects of exercise as an adjunct
to standard treatment for PTSD patients have rarely been investigated. Qualitative research
focusing on exercise as a component of treatment for traumatized refugees provides support for
the health-promoting effects of such interventions, as indicated by self-report measures. (e.g.,
Nilsson et al., 2019). Powers et al. (2015) found that TFP plus exercise led to a significant
greater reduction in PTSD symptomatology as compared to TFP only. However, the validity of
these results is limited due to the small sample size (n = 9). Furthermore, Rosenbaum et al.
(2015) found a moderate effect favouring a combined intervention in the decrease of PTSD
symptoms. However, Nordbrandt et al. (2020) did not find a significant effect of adjuvant
exercise on PTSD symptoms compared to TAU. Given the heterogeneous nature of exercise
interventions in different studies, it is difficult to determine the appropriate programme
variables (frequency, intensity, duration, and type of exercise) for an effective exercise
intervention. However, BDNF and HPA axis regulation as potential mechanisms of action point
to a more beneficial effect of moderate to intense endurance exercise as compared to other types
of exercise. In line with this, Stanton and Reaburn (2014) reviewed the evidence of five RCTs
examining the characteristics of effective exercise in reducing depression. The review supports
the notion that the most effective exercise programmes include aerobe endurance exercise of
moderate intensity, three times weekly ranged from four to twelve weeks, with both individual
and group training being effective. Furthermore, Wegner et al. (2020) reviewed several meta-
analyses in a sample of depressed children and adolescents and summarized aerobic exercise
as the most frequently implemented type of exercise (41 min, three times a week, over 11.5

weeks).

Summary and Objectives. To summarize NET reduces consistently PTSD symptoms in
refugees, but many keep PTSD diagnostic status. Further, there is insufficient evidence that
NET improves depressive symptoms. Physical exercise, as an adjunct to NET seems a
promising option to improve both PTSD and depression symptoms. Thus, the proposed
randomized controlled trial (RCT) aims to investigate whether a combination of NET and
moderate-intensity aerobic exercise training (MAET) (NET'-group) enhances treatment
outcome for refugees with PTSD and comorbid depressive symptoms in comparison to NET as

a stand-alone treatment (NET-group).
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Hypotheses. Compared to the NET-group, participants in the NET*-group show greater
improvement in primary (PTSD, depression) and secondary outcomes (general mental distress,
agoraphobia and somatoform complaints, sleep quality) from pre to post treatment and at

follow-up.

Trial Design. The proposed study is a single-blind RCT comparing a combined treatment
including NET and MAET (NET"-group) with NET only (NET-group). All participants receive
ten NET sessions. Participants in the NET*-group additionally participate in a MAET consisting
of three weekly running exercises over a therapy period ranging from 10 to 15 weeks. Please
note, the timing of each MAET session is unrelated to the weekly NET sessions. Outcome
measures are assessed pre treatment (TO0), after treatment completion (T1) and at six-month

follow-up (T2). An overview of the RCT is given in the flowchart shown in Figure 5.1.

97



Figure 5.1

Flowchart of the Procedure of the Current Clinical RCT

TO

Sharing trial information in social media, print media and in direct exchange with affected
persons, their peers, physicians, local refugee counseling centers, welfare organizations
and other social services

v

General check for eligibility in a personal interview/ phone call

v
Screening:
Socio-demographic details, PCL-5, HSCL-25 adapted to
participants’ native speech
(German, English, Arabic, Persian, Tigrinya, Ukrainian version)

v

Initial interview

v

assessed for eligibility
consent to participation according to the declaration of Helsinki

v
Psychological assessment:
CAPS-5, WAEC, HAM-D, AKV, PSQI, SCID-5-CV, BSCL
v
assessed for eligibility
v
Medical assessment:
Medical history, CBC, rest and stress ECG, spiroergometry

v

v

v

If not eligible, referred to psychotherapeutic outpatient clinic

v

v
assessed for eligibility

v

Randomization

NET-group (10 sessions) NET*-group (10 sessions)

Narrative exposure therapy Narrative exposure therapy
weekly, 100 min weekly, 100 min

Moderate-intensity aerobic exercise
Training

1x weekly 45 min supervised group
training

2x weekly 45 min unsupervised
training

v v

T1

Psychological assessment:

PCL-5, HSCL-25, CAPS-5, WAEC, HAM-D, AKV, PSQI, BSCL
Interview on motivational factors in MAET (NET"-group only)
Medical assessment:

Medical history, CBC, rest and stress ECG, spiroergometry

v

T2

Psychological assessment:
PCL-5, HSCL-25, CAPS-5, WAEC, HAM-D, AKV, PSQI, BSCL
Medical assessment:
Medical history, CBC, rest and stress ECG, spiroergometry
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5.3. Methods

Study Setting. NET is offered at the Psychotherapeutic Outpatient Clinic, which is part
of the Department of Clinical Psychology and Psychotherapy at Saarland University. Medical
diagnostic is performed at the Institute of Sports and Preventive Medicine at Saarland

University.

Funding details and preregistration. The present trial is supported by the German
Research Foundation (DFG) under Grant 426361032. The trial is preregistered in German
Clinical Trials Register (DRKS) (DRKS ID: DRKS00022145).

Sample size and power calculation. Sample size was calculated using G*Power 3.1.9.2.
(Faul et al., 2009) to detect the interaction in a 2 x 2 ANOVA (group: NET" vs. NET; time: pre
vs. post) with a power of .80 (o = .025 because of two primary outcomes). The a priori power
calculation resulted in a total sample size of n = 68 assuming a moderate adjuvant effect and at

least a small correlation between the test times (» = .15).

Recruitment and eligibility criteria. Multiple local social services and employment
agencies are involved in the recruitment of participants, and study eligibility is determined by

the criteria specified in Table 5.1.
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Table 5.1 Eligibility and Exclusion Criteria

Eligibility Criteria

1) German health insurance (registration as a recognized refugee in Germany required)

2) minimum age of 16 years

3) the diagnosis of PTSD

4) clinically relevant depression symptoms

5) no endurance training in the one-year period prior to study participation

6) no experience of endurance training in the past (i.e., not more than one weekly unit of
endurance sports during the last two years and no lifetime competitive practice in endurance

sports)

Exclusion Criteria

1) physical constraints:

e cardiovascular diseases

e serious deviations in Complete Blood Count (CBC)

o further physical restrictions that preclude participation in moderate endurance training
(e.g., serious systemic diseases, coronary stenosis with angina pectoris, cardiac
insufficiency under resting conditions, severe cardiac arrhythmia, and acute illnesses,
such as acute infections, severe electrolyte imbalance, recent heart attacks, heart wall
aneurism)

2) eating disorders (due to the risk of abusing physical activity for weight loss)
3) acute psychosis

4) acute suicidal behaviour

5) substance abuse disorders/ drug and alcohol abuse

6) pregnancy

7) medication with of benzodiazepines

Notes. Participants currently undergoing pharmacological treatment will not be excluded from the study. However,
it is requested that participants maintain a stable dosage and type of medication, with the exception of
benzodiazepines, in order to include medication as a covariate in the final analyses. Participants receiving treatment
with benzodiazepines cannot be included in the randomized controlled trial (RCT).
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Procedure.

Screening. A first check of inclusion and exclusion criteria is assessed during a phone
call before the screening questionnaires (PCL-5; Blevins et al., 2015; HSCL-25; Derogatis et
al., 1974) are sent to potential participants. Screening questionnaires and diagnostic
questionnaires are provided in participants’ native languages. For illiterate people the screening

and diagnostic questionnaires are conducted as an interview supported by interpreters.

Initial interview. Participants, who report psychological distress in the screening
questionnaires, are invited to an initial interview to assess study eligibility. During the initial
interview, participants are informed about the study protocol neglecting the hypotheses of the
trial. If the initial interview suggests participants’ study eligibility (suspected diagnosis of PTSD
and depressive symptoms), participants are asked to provide informed consent and are invited
to participate in detailed psychological and medical diagnostic sessions. Participants, who show
signs of clinical distress, but are not eligible for study participation also receive a treatment

offer at the Psychotherapeutic Outpatient Clinic of Saarland University.

Psychological assessment. The psychological assessment includes the Clinician-
Administered PTSD Scale (CAPS-5; Weathers et al., 2013), the Hamilton Depression Scale
(HAM-D; Hamilton, 1960; 1967) and the Structured Clinical Interview for DSM-5 Clinician
Version (SCID-5-CV; First et al., 2016), the War and Adversity Exposure Checklist (WAEC;
Ibrahim et al., 2018b) and self-report questionnaires assessing general mental distress (Brief
Symptom Checklist (BSCL); Franke, 2017), sleep quality (Pittsburgh Sleep Quality Index
(PSQI); Buysse et al., 1989) and agoraphobic symptoms and somatoform symptoms
(Fragebogen zu kérperbezogenen Angsten, Kognitionen und Vermeidung AKV; Ehlers et al.,
2001). All measures (except of the SCID-5-CV) will also be assessed after the completion of
treatment (T1) and at six-month follow-up (T2).

Medical assessment. To assess participants’ physical eligibility a detailed medical
diagnostic is performed (including evaluation of medical history, resting and stress

Electrocardiogram (ECG), spiroergometry, Complete Blood Count (CBC)).

Randomization. Participants are assigned to the NET' and NET-group via computer-
assisted randomization using Mersenne Twister in IBM SPSS Statistics version 22.0 (IBM
Corp, 2013). After completion of the diagnostic sessions, participants receive a closed envelope

containing group assignment.
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NET and NET". Participants are randomly assigned to the NET vs. NET'- group. All
participants receive 10 NET sessions. The NET -group additionally receive MAET. The total

duration of the treatment is estimated to range from 10—15 weeks.

Language mediation and translation. All sessions are accompanied by interpreters who
are fluent in the participants’ native speech and in German. Each interpreter is informed about
the rationale and procedure of NET prior to the start of the first diagnostic session. During
therapeutic sessions, interpreters are instructed to take a neutral role and solely translate
everything the participant and psychotherapist are saying. NET sessions are transcribed by

students who passively participate in the psychotherapeutic sessions.

Mental hygiene. Every fourth therapy session, language mediators and co-writing
students receive group supervision led by the head of the Psychotherapeutic Outpatient Clinic
of Saarland University to prevent psychological distress (through the refugees’ narratives). In

addition, there is the possibility of individual supervision if required.

Treatment fidelity. NET is conducted by licensed psychotherapists and psychotherapists
in initial training. Participating psychotherapists were trained in NET in a two-day online
workshop and receive supervision after every session. Additionally, all psychotherapeutic

sessions are audio recorded.
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Table 5.2 Treatment Overview

Session No.  Therapeutic Content

1 Exploratory sessions  Relationship-oriented
Assess of medication, suicidal behavior, risk of dissociation
Development of the emergency plan
Review of psychosocial problems

2 Psychoeducation on Trauma, PTSD, and memory
Rationale and basic principles of NET and trauma-focused therapy
Preparing for the following NET sessions

3 Narrative Exposure Lifeline

Therapy
4 Starting the narration at birth

In-sensu exposure of the first traumatic life-event

5-11 Rereading of the previous narration to add further details if necessary
Continuing the in-sensu exposure of further traumatic events
following the narration

12 Rereading of the whole written narration/ relaying of the lifeline
Appreciating and signing the written narration

Optimistic perspective on future considered in a positive light

Notes. MAET starts in the third session together with the beginning of NET.

Intervention

Exploratory sessions and psychoeducation. Participants first undergo two exploratory
sessions aiming at developing a therapeutic alliance (participant, psychotherapist, interpreter,
co-writing students) and providing psychoeducation about PTSD and NET. Details on the

content of the exploratory sessions can be found in Table 5.2.

Narrative exposure therapy. In the present trial NET consists of 10 weekly sessions (each
with a duration of 100 min). The therapy takes place at the Psychotherapeutic Outpatient Clinic
of Saarland University and is conducted by licensed psychotherapists or psychotherapists in
initial training. In order to minimize the exclusion of individuals due to financial constraints
that prevent them from traveling to therapy, the study will provide coverage for travel costs
when necessary. The psychotherapists receive a professional NET coaching before starting the
therapy and receive supervision by an experienced psychotherapist after every second double
session. During the first NET session the participant’s lifeline — with traumatic events
symbolized by stones, situations of grief symbolized by candles and positive events symbolized

by flowers — is laid (Elbert et al., 2015). The following sessions consist of the in-sensu
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exposure for each traumatic event. To ensure an effective exposure the psychotherapist
encourages participants to recall the traumatic events in emotion, sensation, cognition and
physiological details. The exposure of a maximum of two traumatic events must be completed
in one session. In the final session the events are reviewed as a holistic narration. The
participant, the psychotherapist, the co-writing student, and the interpreter sign the narrative

which is subsequently handed to the participant.

Narrative. Written transcripts of each session are provided by the co-writing students.
The traumatic events are documented in the past tense and submitted weekly to the
psychotherapist for revision. The participants are encouraged to revise and add to the narrative

in each follow-up session and in the final NET session.

Moderate-intensity aerobic exercise training. Moderate-intensity aerobic exercise
training (MAET) in the present study is adapted to the national recommendation for the
treatment of depression recommended by WHO for health of adults aged between 18 and 64
(DGPPN, 2017; WHO, 2022). The NET*-group receives three weekly outdoor sessions of
MAET consisting of 45 min of jogging at 60% heart rate reserve (£5 bpm) (e.g., Stanton and
Reaburn (2014)) with one MAET group session of no more than three participants supervised
by a medical and psychological supervisor and two unsupervised exercise sessions per week.
The route will be chosen to be close to participants’ place of residence and with only a slight
incline. Depending on individuals’ baseline fitness levels, the intensity of MAET varies along
a continuum from walking to jogging. Walking is typically assumed to occur at low baseline
fitness levels, while jogging is associated with elevated baseline fitness levels. To be included
in the final analysis participants must complete 70 % of MAET (Hecksteden et al., 2013). Each
participant of the NET"-group receives a mobile heart rate monitor with integrated memory
function (Sigma ID.Free) and a compatible heart rate belt (Sigma R1 ANT+/BLE +
COMFORTEX) to control and record parameters such as duration (in min), route (in m), speed
(in min/km), altitude (in m) and average heart rate (in bpm) during MAET. To ensure an aerobic
exercise training with moderate intensity, the heart rate monitor is programmed to display a
green light when participant’s heart rate was in the individually predefined heart rate zone. In
addition to the digital recording of the MAET, participants document the completed MAET

session and their mood before and after MAET training in a diary.
Primary outcomes.

Posttraumatic stress disorder. PTSD symptoms are assessed with the PTSD Checklist
for DSM-5 (PCL-5), the Clinician-Administered PTSD-Scale for DSM-5 (CAPS-5), and the
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War and Adversity Exposure Checklist (WAEC). All three measures are assessed before the
start of the treatment (TO), post-treatment (T1) and at six-month follow-up (T2).

Depression. Depressive symptoms are assessed with the Hopkins Symptom Checklist-25
(HSCL-25) and the HAM-D. Depressive symptoms are assessed before treatment (T0), post-
treatment (T1) and at six-month follow-up (T2).

Secondary outcomes. Secondary outcomes are also assessed at TO, T1 and T2.

General mental distress. General mental distress is measured using the BSCL, the

German version of the Brief Symptom Inventory (BSI; Derogatis, 1993).

Agoraphobia and somatoform complaints. Agoraphobic symptoms and somatoform
complaints are assessed with the Questionnaire on Body-Related Anxieties, Cognitions and
Avoidance, AKV (Ehlers et al., 2001), a self-report measure, which is a compilation of the Body
Sensations Questionnaire (BSQ; Chambless et al., 1984), the Agoraphobic Cognitions
Questionnaire (ACQ; Chambless et al., 1984) and the Mobility Inventory (MI; Chambless et
al., 1985). Somatoform complaints are physical complaints for which no physical cause has

been found that would sufficiently explain the extent of the complaints.

Sleep quality. The PSQI (Buysse et al., 1989) is a self-report measure assessing sleep

quality and sleep disturbances over the past month.

Physical assessments. The physical assessments include a resting ECG, stress ECG,

CBC and spiroergometry.
Additional measures.

Socio-demographic information. Participants’ age, sex, region of origin, native speech,
further languages, medication, family status and duration of living in Germany are assessed

once prior to study inclusion.

Comorbidities. The SCID-5-CV (First et al.,, 2016) is conducted to assess further

comorbid psychological disorders in a semi-structured interview at TO.

Motivation in moderate-intensity aerobic exercise training. Participants are interviewed
concerning their motivation during MAET at T1. Questions on motivational factors are
answered for supervised group training and unsupervised training separately (see

supplementary material C4).
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Measurements. Table 5.3 gives a comprehensive summary of employed physical and
psychological assessments and outcomes. Details can be found in the Supplementary Materials

(C1, C2).
Data management.

Statistical methods. All statistical analyses will be conducted by a member of the research
team, who was not involved in the data collection process and the study interventions, using R
version 4.1.2 (R Core Team, 2021). Alpha level for the main analyses is set to .025 due to
multiple primary outcomes. Multiple 2 x 3 mixed ANOVA’s (group: NET" vs. NET; time: pre
vs. post vs. six-month follow-up) will be conducted to examine symptom severity in primary
outcomes (PTSD and depression) and secondary outcomes. Contrasts will be conducted to
separately examine the group-specific development of symptom severity over time (TO vs T1;

TO vs T2; T1 vs T2).

Dealing with missing data. The statistical analyses will include the whole sample data of
the RCT. Dropping out of trial will not exclude participants from final analyses. In this case the

missing data will be imputed using Fully Conditional Specification (FCS; Sterne et al., 2009).
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Table 5.3 Assessments’ Characteristics and Schedule

Assessments and Measures Evaluation Schedule of Assessment Outcome
TO T1 T2

Sociodemographic details Self-report X Additional
PCL-5 Self-report X X X 2nd
HSCL-25 Self-report X X X 2nd

CAPS Interview X X X 1

WAEC Interview X X X 1

HAM-D Interview X X X 1

BSCL Self-report X X X 2nd

AKV Self-report X X X 2nd

PSQI Self-report X X X 2nd
SCID-5-CV Interview X Additional
Medical history Self-report, Explorative

Interview ’

CBC X X X Explorative
Spiroergometry X X X Explorative
Submaximal parameters X X X Explorative
Resting ECG X X X Explorative
Stress ECG X X X Explorative
Motivation in MAET Interview X Explorative

Notes. TO = Baseline assessment before randomization and treatment; T1 = assessment after treatment completion;
T2 = assessment at six month follow-up; PCL-5 = PTSD Checklist for DSM-5; HSCL-25 = Hopkins Symptom
Checklist-25; CAPS = Clinician-Administered PTSD Scale; WAEC = War and Adversity Exposure Checklist;
HAMD-D = Hamilton Depression Scale; BSCL = Brief Symptom Checklist; AKV = Questionnaire on Body-
Related Anxieties, Cognitions and Avoidance (Fragebogen zu kirperbezogenen Angsten, Kognitionen und
Vermeidung); PSQI = Pittsburgh Sleep Quality Index; SCID-5-CV = Structured Clinical Interview for DSM-5
Clinician Version, CBC = Complete Blood Count; ECG = Electrocardiogram; MAET = Moderate-intensity
Aerobic Exercise Training.
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5.4. Discussion

NET reduces PTSD symptoms in refugees, but many keep PTSD diagnostic status.
Further, there is insufficient evidence that NET improves depressive symptoms. Endurance
exercise has been shown to improve depressive symptoms and there is some evidence that it
may also impact on PTSD symptomatology. Thus, physical exercise as an adjunct to NET seems
a promising option to improve both PTSD and depression symptoms. However, up to date, no
studies exist investigating the combination of NET and exercise in a sample of refugees with
PTSD and depressive symptoms in a RCT. The present RCT aims to close this gap in research
and aims to clarify whether the effectiveness of NET can be enhanced by MAET. The results
of the current RCT will be crucial to improve mental health care for refugees. If NET" proves
to be superior to NET alone, future trials should investigate the combination of other trauma-
focused therapies with MAET. Importantlyy, MAET may not only impact on PTSD and
depression symptoms, but may also enhance patients’ physical health, which has been shown

to be poor in refugees.

Challenges of the trial. First, the recruitment of the sample might prove to be difficult
due to the strict psychological and physical exclusion criteria. Recent studies have highlighted
the underrepresentation and neglect of women’s participation, especially of traumatized female
refugees, in health-promoting exercise programmes and clinical trials (e.g., Pebole et al., 2021).
Potential imbalance in gender distribution within a sample of traumatized refugees might be a
potential challenge for the current RCT due to several reasons. Exclusion of female participants
is justified based on physiological factors, such as a higher probability of experiencing extreme
variations in ferritin levels. Additionally, social considerations, such as childcare
responsibilities, may hinder female participation. Furthermore, cultural- and trauma-related
factors, such as difficulties associated with mixed-gender group training in public settings,
further contribute to the exclusion of females from the study. In response, the RCT addresses
these issues for example by incorporating trauma-informed considerations in exercise and
psychotherapy, such as providing childcare services to promote equal opportunities for

participation.

Furthermore, dropout rates might be high. Trauma-focus in psychotherapy is associated
with high dropout rates, and in our trial treatment is combined with a very thorough
psychological and physiological diagnostic, which may lead to high dropout rates in both
groups, which might be even higher in the NET" group due to the higher rate of weekly

appointments.
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Gender specific dropout rates due to cultural and trauma-associated barriers for refugee
women to participate in public, group-based MAET may require special attention, as they have
a significant impact on feasibility. Nonetheless, the implementation of individualized treatment
approaches, such as matching gender in MAET, undermines the quality criteria of a RCT.
However, considering the importance of evaluating these factors, further research should

contemplate to specifically examine the acceptability and feasibility aspects in general.

It is also important to acknowledge that the participants did not have free choice in the
type of sport intervention. Allowing free choice of sport could potentially enhance participant
engagement, reduce dropout rates, and potentially amplify the intervention’s effectiveness.
However, offering a wide range of sports activities would compromise the feasibility of

conducting a randomized controlled trial (RCT).

Furthermore, language and cultural barriers might affect therapy by interfering with a
solid therapeutic alliance. We will work with language and cultural interpreters to minimize this

challenge.

Limitations. The limitations of our trial are those typical for empirical assessment of
psychological therapy such that it is impossible to conduct double-blind trials. Participants are
randomly assigned to NET" vs. NET group. However, participants in the NET" group know that
they receive a more comprehensive treatment, which might be part of the reason that patients
in the NET* group perform systematically better than participants in NET group. Also, a
systematic underperformance of participants in the NET " group is conceivable, as the combined
treatment requires a higher level of motivation and compliance. However, all outcome measures
will be assessed blinded to the intervention group and independent of the leading researchers

and therapists.

Finally, we do not examine the mechanisms of action that underlie our hypothesis. It has
been posited that the interaction of neurobiological processes and psychological factors achieve
the beneficial effect of endurance exercise on psychological symptoms. Anticipating the
findings that confirm our hypotheses, future studies should explore the underlying mechanisms

of action.

Overall, the present RCT shows high external validity while adhering to scientific
standards. The RCT is the first trial assessing whether the efficacy of NET can be augmented
by endurance exercise. The results of the current RCT may boost clinical treatment approaches

to improve the mental health care of traumatized refugees.
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Trial status. The study was pre-registered in DRKS on July 29, 2020 (DRKS ID:
DRKS00022145). At the time of submission of this manuscript, the data collection is in
progress. The date of inclusion of the first subject was in October 2020. Due to the health policy
situation of the global Covid-19 pandemic, the implementation of the trial is delayed. The
completion of the data collection was initially scheduled for 2023. Due to the impact of the
Covid-19 pandemic, a one-year delay is expected, moving the prospective completion of data

collection to 2024.

Ethics approval and consent to participate. The Ethics Committee of the Faculty of
Empirical Human Sciences and Economics of Saarland University approved the ethics
committee application from 13 September 2017 to 10 October 2017 (Ethics committee number:
1713). Respectively, all methods are conducted in accordance with the ethical standards of the
Declaration of Helsinki. All participants will have to provide written informed consent before

being included in the study (see Supplementary Materials [C3]).

5.5. Declarations

No potential conflict of interest was reported by the author(s). This work was supported
by Deutsche Forschungsgemeinschaft [grant number 426361032]. Availability of data is not
applicable yet.
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6. Study 4: Exercise Every Other Day Keeps the Trauma at Bay: A Two-Level Linear Mixed-
Effects Model Analysis of Moderate-Intensity Aerobic Exercise as an Adjunct to Narrative

Exposure Therapy in Refugees and Asylum Seekers’

Liider, C. C., Michael, T., Venhorst, A., Meyer, T., & Equit, M. (2025). Exercise Every Other Day Keeps the
Trauma at Bay: A Two-Level Linear Mixed-Effects Model Analysis of Moderate-Intensity Aerobic Exercise

as an Adjunct to Narrative Exposure Therapy in Refugees and Asylum Seekers. In Preparation.

6.1. Abstract

Narrative Exposure Therapy (NET) is a first-line treatment for posttraumatic stress
disorder (PTSD), particularly for severely affected individuals, such as refugees and asylum
seekers. These patients frequently exhibit co-occurring depressive symptoms. Despite
consistent evidence of NET’s effectiveness, many patients maintain PTSD status. Since
moderate-intensity aerobic exercise training (MAET) has proven to be an effective treatment
for depression, and has also been shown to benefit PTSD patients, it is a promising adjunct
approach to NET, particularly among highly affected populations such as refugees and asylum
seekers. Therefore, Liider et al. (2023) conducted a randomized controlled trial (RCT) to
investigate the effects of MAET as an adjunct to NET in traumatized refugees, compared to
NET alone. In this context, the present study builds on preliminary data from Liider et al. (2023)
and examines the pre—post effects of the combined treatment approach, including NET and
MAET compared to NET alone. This study is conducted independently as a part of a cumulative
dissertation project. In addition to the methods proposed by Liider et al. (2023), the analysis
scheme of the present study includes two-level linear mixed-effects models, Bayesian
multilevel models, and exploratory analyses to better account for individual variability and the
nested data structure within a sample of n = 30 participants (instead of n = 68 initially planned).
The analyses focus on pre- (to) and post-assessment (t1) data assessing psychological distress,
symptom severity of PTSD and depression and sleep quality. Follow-up data were not included,
as data collection for this time point is still in progress and not yet complete. The findings of
the present study show that NET significantly reduced psychological distress, improved sleep
quality, and reduced the severity of depressive symptoms and PTSD in the analyzed sample.

However, the combined treatment was not superior to NET alone. Model comparisons favored

7 Note. In this dissertation, the Supplementary Materials for Study 4 are provided in Appendix D.
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models incorporating a treatment-by-time interaction, suggesting that changes over time may
differ between treatment conditions. Crucially, this does not necessarily imply an advantage of
the combined treatment, but rather highlights the need for further research on the role of
physical activity as an adjunct to trauma-focused psychotherapy (TFP). Moreover, exploratory
analyses suggested a moderating effect of residence permit status. Combining the rigor of the
RCT with real-world conditions resulted in a small, heterogeneous sample, which compromises
the generalizability of the results, but at the same time ensures ecological validity. While no
direct superiority of the combined treatment was observed for the primary outcomes, the
findings are preliminary and should be interpreted with caution. Nevertheless, physical activity
has revealed itself to be a low-threshold adjunct with the potential to improve access to,
acceptance of and adherence to TFP among severely affected populations, such as traumatized
refugees. Concurrently, the present study emphasizes the relevance of considering contextual

and individual factors under real-world clinical conditions.

6.2. Background

Trauma-focused psychotherapy (TFP), particularly Narrative exposure therapy (NET,
Neuner et al., 2011), has been consistently demonstrated to reduce symptoms of posttraumatic
stress disorder (PTSD) across various populations. NET is especially well-suited for individuals
who have experienced multiple or prolonged traumatic events. Thus, NET has largely been
applied in samples of refugees and asylum seekers (Macallin & Wynn, 2021). Although NET
has been shown to substantially reduce PTSD symptoms, a significant proportion of individuals
nonetheless continue to meet diagnostic criteria for PTSD following treatment (Larsen et al.,
2019). Furthermore, trauma-focused interventions are associated with elevated dropout rates
(Lewis et al., 2020). Moreover, a considerable proportion of individuals affected by PTSD
manifest multimorbidity, with current research suggesting that approximately half of the
refugees affected also exhibit depressive symptoms (Nickerson et al., 2017). In a meta-analysis
of randomized controlled trials (RCTs), Kline et al. (2021) suggest, that higher baseline
depression can impair the response of TFP for PTSD. Furthermore, co-occurring depressive
symptoms have an additional negative impact on general psychological well-being and sleep
quality, which in the long term contributes to chronic PTSD and further impairs the response to
trauma-focused treatment (e.g., Slavish et al., 2022). This underscores the importance of a
comprehensive, adaptive, and effective treatment approach for PTSD that is adjusted to the

varied demands of heterogeneous patient populations. To address these needs, enhancing
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treatment responsiveness and the efficacy of TFP, adjunct interventions are frequently
considered. Research has indicated that physical exercise exerts a beneficial effect on general
mental health (Stathopoulou et al., 2006) and sleep quality (Banno et al., 2018). It has been
demonstrated that physical exercise can serve as an effective treatment for psychological
disorders, with particular emphasis on the mitigation of symptoms related to depression and
PTSD (Bjorkman & Ekblom, 2022). From the wide range of physical exercise related
interventions, particularly moderate-intensity aerobic exercise training (MAET) has
demonstrated notable efficacy as a mono-therapeutic treatment for psychological disorders
(Stanton & Reaburn, 2014), including depression and PTSD. However, current research
predominantly focuses on MAET as a mono-therapeutic treatment, with a paucity of research
on MAET as an adjunct to TFP (Powers et al., 2015). In the context of TFP, such as NET, the
incorporation of MAET as adjunct holds promise to complement in a comprehensive treatment
approach, with the objective of enhancing general mental health, particularly among refugees

and asylum seekers.

6.3. Methods

Study design and Participants. To address this gap, Liider et al. (2023) proposed a
single-blind RCT to evaluate the efficacy of a combined treatment consisting of NET and
MAET, compared to NET alone, in reducing PTSD and depressive symptoms as primary
outcomes and psychological distress, agoraphobic symptoms, somatoform complaints, and
sleep quality as secondary outcomes on a sample of n = 68 traumatized refugees and asylum

seekers.

This study follows the general objectives and procedural framework of the study protocol
by Liider et al. (2023). However, it offers an adapted statistical approach to address the reduced
sample size on n = 30 participants collected between April 2020 and April 2025, the individual
variability, and the nested data structure. A two-level linear mixed-effects model was employed
to assess psychological distress, PTSD, and depression symptom severity, and sleep quality
before (to) and after treatment (t1) to examine the short-term efficacy of the combined treatment
compared to NET mono-therapy. Overall, the present study was conducted as an independent

investigation within the framework of a cumulative dissertation project.

Eligibility. Participants in the RCT were recruited using a multimodal approach

supported by local community stakeholders (see Liider et al., 2023). Participants were included
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if they were at least 16 years old, were forcibly displaced from their country of origin and were
currently residing in Germany. To participate in the RCT, participants had to be identified with
PTSD as the primary diagnosis and comorbid depressive symptoms. Additionally, participants
had to report no prior experience of endurance training. For a more detailed description of
eligibility criteria, see Liider et al. (2023). An overview of the present sample and treatment

characteristics is provided in Table 6.1.

Ethics approval and consent to participate. The RCT was approved by the local ethics
committee (1713) and conducted in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all participants. For further procedural details, see Liider

et al. (2023).

Funding and Registration. The underlying RCT is funded by the German Research
Foundation (DFG) (Grant 426361032) and initially preregistered in German Clinical Trials
Register (DRKS) (DRKS ID: DRKS00022145). In line with principles of good scientific
practice and to ensure transparency, the present study, implementing a modified analysis
scheme from the initial RCT to account for individual variability and the nested data structure,

was registered on the Open Science Framework (https://doi.org/10.17605/OSF.IO/NS6WE).
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Table 6.1 Samples and Treatment Characteristics

NET group NET" group Total sample Test statistic p
n=15 n=15 n=230

Age, M (SD) 27.13 (7.66) 27.81 (8.65) 27.47 (8.04) 1(27.95)=-0.23 .822
Sex, % (n)

male 73.33 (11) 53.33(8) 63.33 (19) i 450

female 26.67 (4) 46.67 (7) 36.67 (11) '
Country of origin, % (#)

Syria 46.67 (7) 20.00 (3) 33.33(10)

Afghanistan 33.33 (%) 20.00 (3) 26.67 (8)

Ukraine 6.67 (1) 20.00 (3) 13.33 (4)

Iraq 6.67 (1) 6.67 (1) 6.67 (2)

Iran - 6.67 (1) 3.33(D) } 415

Turkey - 6.67 (1) 3.33(1)

Croatia - 6.67 (1) 3.33(D)

Uzbekistan 6.67 (1) - 3.33(D)

Morocco - 6.67 (1) 3.33(1)

Lebanon ; 6.67 (1) 333 (1)
Native language, % (n)

Arabic 40.00 (6) 40.00 (6) 40.00 (12)

Dari 26.67 (4) 13.33 (2) 20.00 (6)

Ukrainian 6.67 (1) 20.00 (3) 13.33 (4)

Pashto 6.67 (1) 6.67 (1) 6.67 (2)

Farsi - 6.67 (1) 3.33(D) - 774

Bandari 6.67 (1) - 3.33(1)

Kurdish 6.67 (1) - 3.33(D)

Turkish - 6.67 (1) 3.33(D)

Uzbek 6.67 (1) - 3.33(D)

Bosnian - 6.67 (1) 3.33(1)




Table 6.1 (continued.)

Years of residence in Germany, M (SD) 5.92 (3.89) 3.53(3.02) 4.64 (3.60) £(22.55)=1.80 .085
Residence permit!, % (n)
temporary
<1 year 1333 (2) 26.67 (4) 20.00 (6)
1-3 years t6.67 (1) 1333 (2) 10.00 (3) - .860
> 3 years 60.00 (9) 53.33(8) 56.67 (17)
permanent 6.67 (1) 6.67 (1) 6.67 (2)
Traumatic events?, M (SD) 13.87 (4.89) 12.40 (4.05) 13.13 (4.95) 1(27.97)=0.81 426
Comorbid psychiatric disorder, % (n) 40.00 (6) 46.67 (7) 43.33 (13) - 1.000
Crisis sessions, % (n) 20.00 (3) 33.33 (%) 26.67 (8) - .682
Language mediation, % (n) 60.00 (9) 93.33 (14) 76.67 (23) - .080
Treatment duration®, M (SD)
NET 139.55 (95.41) 112.42 (46.60) 125.39 (73.59) 1 (14.23)=0.85 407
MAET - 88.89 (33.60) - -
Number of treatment sessions, M (SD)
NET 10.00 (0.82) 9.83(0.39) 9.91 (0.61) W=103.50 .696
MAET - 26.66 (5.34) - -
MAET characteristics
Time M (SD) - 46.52 (0.96) 145 (8) =6.91 <.001™
Pace M (SD) - 10.08 (2.71) - -
Incline, M (SD) - 17.47 (16.53) to (7)=4.37 <.001™
Target heart rate, M (SD) - 112.99 (9.99) £ (T)=-8.69 001"

Actual heart rate, M (SD)

136.18 (10.81)

911

Note. NET = Narrative exposure therapy; MAET = moderate-intensity aerobic exercise training; Participants in the NET group received NET as a standalone treatment;
Participants in the NET" group received a combined treatment including NET and MAET as an adjunct; !in years; assessed by War and Adversity Exposure Checklist (WAEC,
Ibrahim et al., 2018b); *in days; W = Wilcoxon rank-sum statistic (equivalent to Mann—-Whitney U); #4s = t-test against the reference (time = 45 minutes); fo = t-test against the

reference (incline = 0 m); **p < .001; Percentages are based on the total (sub)sample size, due to rounding or missing data, totals may not sum to 100%.



Procedure. The study design of the RCT is described in detail in Liider et al. (2023). As
illustrated in Figure 6.1, following the baseline assessment at to, participants who met the
inclusion criteria were randomly assigned to receive either NET only (NET group), or a
combined treatment including NET and MAET (NET" group), using a computer-assisted
procedure based on the Mersenne twister algorithm implemented in IBM SPSS Statistics,

version 22.0 (IBM Corp., 2013). Notably, the randomization was single-blinded.

Treatments. Over a period of 10—15 weeks, participants received at least two exploratory
sessions which aimed to establish a therapeutic rapport and foster motivation. These sessions
also entailed psychoeducation on PTSD and comorbid depressive symptoms, as well as on NET
and MAET. Subsequently, a series of ten weekly NET sessions was administered (Neuner et
al., 2011), each session comprising 100 minutes. The NET was conducted by trained
psychotherapists, accompanied by research assistants to write down the participants’ narrative
elaborated during the therapy. When necessary, interpreters fluent in German and participants’
native languages assisted in sessions after receiving instruction on NET procedures and neutral
translation conduct. Participants assigned to the combined treatment approach received MAET
as an adjunct to NET, with the moderate intensity of exercise recommended by the WHO
(2022). MAET consisted of 45 minutes of walking or jogging outdoors at 60+5 % heart rate
reserve, three times a week (cf. Stanton & Reaburn, 2014). Every third MAET session was
conducted in a group setting of up to three participants and supervised by a research assistant
who specialized in sports medicine. The remaining sessions were self-directed. The adherence
and intensity of MAET were monitored using a mobile heart rate monitor (Sigma ID.Free),
supported by a compatible chest strap (Sigma R1 ANT+/BLE + COMFORTEX). To control for
the moderate intensity of the MAET, the mobile heart rate monitor displayed a green light when
the predefined heart rate zone was maintained during MAET. A detailed description of both
treatment approaches and further details on the implementation of the RCT (e.g., mental

hygiene, treatment adherence, etc.) can be found in Liider et al. (2023).

Outcomes and Assessment. The outcomes examined in the present study represent a
subset of those from Liider et al. (2023) at to and t;, with consistent definitions and
operationalizations. Sociodemographic data (e.g., gender, age, family status, native language),
details on migration and flight (e.g., country of origin, duration of residence and residence
permit in Germany) and characteristics of traumatic events were assessed at baseline (to) using
the War and Adversity Exposure Checklist (WAEC, Ibrahim et al., 2018b). The primary
outcomes included PTSD (PTSD Checklist for DSM-5 [PCL-5], Blevins et al., 2015; Clinician-
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Administered PTSD Scale-5 [CAPS-5], Weathers et al., 2013) and depressive symptoms
(Hopkins Symptom Checklist-25 [HSCL-25], Derogatis et al., 1974; Hamilton Depression
Scale [HAMD], Hamilton, 1960, 1967). The secondary outcomes included psychological
distress (Brief Symptom Checklist [BSCL], Franke et al., 2017) and sleep quality (Pittsburgh
Sleep Quality Index [PSQI], Buysse et al., 1989). For all outcome measures, higher scores
indicate greater symptom severity. Physiological parameters were also measured at to and t;

using standard clinical methods by trained medical professionals.
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Figure 6.1

Schematic Overview of the Study Procedure and Assessment
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Note. The figure illustrates the study procedure, as outlined in the RCT by Liider et al. (2023), reduced to encompass the assessments and time points relevant to the present study; NET = Narrative
exposure therapy; to = pre treatment; t; = post treatment; SCID-5-CV = Structured Clinical Interview for DSM-5 — Clinician Version (First et al., 2016); WAEC = War and Adversity Exposure
Checklist (Ibrahim et al., 2018b); PCL-5 = PTSD Checklist for DSM-5 (Blevins et al., 2015); CAPS-5 = Clinician-Administered PTSD Scale-5 (Weathers et al., 2013); HSCL-25 = Hopkins
Symptom Checklist-25 (Derogatis et al., 1974); HAMD = Hamilton Depression Scale (Hamilton, 1960; 1967); BSCL = Brief Symptom Checklist (Franke et al., 2017); PSQI = Pittsburgh Sleep
Quality Index (Buysse et al., 1989); CBC = Complete Blood Count; ECG = electrocardiogram performed at rest and during stress; CPET = cardiopulmonary exercise testing; CPET was initially
performed as a stress test, including assessment of the target heart rate.



Statistical Analyses. All statistical analyses were conducted in R version 4.4.3 (R Core Team,
2025), using the packages mice (van Buuren & Groothuis-Oudshoorn, 2011), Ime4 (Bates et
al., 2003), ImerTest (Kuznetsova et al., 2017), brms and rstan (Biirkner, 2017; Carpenter et al.,
2017), as well as bayestestR (Makowski et al., 2019). Figures 6.4—6.6 were generated using
MATLAB R2025a (The MathWorks Inc., 2025). Prior to data analysis, the extent and pattern
of missing data in primary and secondary outcomes were examined. Missing data in the clinical
outcomes ranged from 14.37% (HAMD) to 24.52% (PSQI). Specifically, 23.71% of data were
missing for psychological distress (BSCL), 15.04% for PTSD symptom severity outcome
measures (CAPS, PCL-5), and 14.85% for depression-related outcome measures (HSCL-25,
HAMD). Most missing data resulted from participant dropout. Of the 30 individuals enrolled
at to, 30.00% discontinued treatment (see Figure 6.2). In particular, nine participants
discontinued treatment before completing three NET sessions, with six from the NET group
and three from the NET" group (see Figure 6.2). Three participants in the NET" group largely
refused to participate in MAET but remained in the RCT and provided data at t;. In accordance
with the intention-to-treat (ITT) principle (Gupta et al., 2011), all participants remained in their
originally assigned treatment group for the final data analyses, regardless of (partial) treatment
adherence or dropout. To mitigate potential bias from incomplete data, missing values were
addressed via multiple imputation, using the Fully Conditional Specification (FCS, Sterne et
al., 2009) method implemented through the MICE algorithm. FCS was based on the original
dataset from Liider et al. (2023), incorporating preliminary observations across three time points
(to, t1, t2). Although t> reflects outcomes at six-month follow-up and is part of the broader RCT
by Liider et al. (2023), it is not considered in the present analyses, as data collection at t> will
be completed at the end of 2025. Imputations were conducted within conceptually related
variable clusters: psychological distress (BSCL), posttraumatic stress symptoms (PCL-5 and
CAPS items), depressive symptoms (HSCL-25 and HAMD items), and sleep quality (PSQI).
Thus, a set of item-wise regression models was defined, incorporating a second-order
polynomial for time, fixed effects for treatment group, and their interaction, to account for non-
linear symptom changes over time and group differences in these changes. The item responses
were treated as ordinal variables and imputed using proportional odds logistic regression (polr)
to preserve their ordinal scale properties. Ten imputed datasets were generated, with ten
iterations each, using a consistent predictor matrix, and setting a random seed (seed = 123) to
ensure reproducibility. Given that pooled estimates were not appropriate for the planned main
analyses of the present study, they were consistently conducted using the first of the ten imputed

datasets, as recommended for specific contexts (cf. von Hippel et al, 2007).
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It is noteworthy, that the data analyses of the present study employed statistical approaches that
are independent of those suggested by Liider et al. (2023) and focus on a subset of the imputed
dataset. Descriptive and inferential statistical analyses were conducted to characterize the
sample, control for baseline group differences, and examine outcomes over the course of the
study. In the main analyses, two-level linear mixed-effects models (LMM) were estimated using
restricted maximum likelihood (REML) to account for the nested structure of the data, with
time (to vs. t;) modeled at level 1 within participants (level 2), and treatment (NET vs. NET")
included as a between-participants factor at level 2. Fixed effects include treatment (NET vs.
NET"), time (to vs. t1), and the TreatmentxTime interaction. A random intercept was specified
for each participant to capture inter-individual variability at to. The same model structure was

applied across all primary and secondary outcomes, with the model specified in Figure 6.3.

Significance testing for fixed effects was based on Satterthwaite’s approximation of
degrees of freedom (e.g., Luke, 2017), with statistically significant results considered at
p <.05. Additionally, standardized S-coefficients were computed, and explanatory power of the
models was assessed using marginal and conditional R? (Nakagawa & Schielzeth, 2013), as
well as intraclass correlation coefficients (/CC). Following conventional guidelines (e.g.,
Lorah, 2018), R?> .30 indicates substantial explanatory power of the model examined (Cohen
et al., 1988). ICC > 0.50 indicates that a substantial proportion of the variance is attributable to

differences between participants (at level 2), warranting multilevel modeling (Hox et al., 2017).
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Figure 6.2

CONSORT Participant Flow Diagram (adapted from Liider et al., 2023)

Assessed for eligibility

(n = 86)

Enrollment

Excluded (n = 56)
Eligibilty criteria (n = 30)

No PTSD (n = 16)
No depressive symptoms (n = 1)
Substance dependency (n = 2)

A 4

\ 4

Medical contraindication (n = 11)
Acute inpatient psychological care (n = 6)
Intercultural barrier (n =1)

Relocation (n=1)
Declined to participate (n= 1)
Not available (n = 17)

Randomly assigned (n=30)

A 4

Allocated to NET group (n = 15)

Received allocated intervention (n =9)
Received NET > 9 sessions (n =9)

Did not receive allocated intervention (n = 4)
Declined NET (n = 2)
Not available (n = 2)

A 4

Discontinued intervention (n = 2)
Relocation/ Deportation (n = 2)

Completed post-assessment (n = 9)

A 4

Included in intention-to-treat analysis (n= 15) ‘

Allocation

Post-Assessment

Analysis

A 4

Allocated to NET* group (n = 15)

Received allocated intervention (n =9)
Received NET > 9 sessions (n = 12)
Received MAET > 18 sessions (n =9)

Did not receive allocated intervention (n = 3)
Declined NET (n=1)
Declined MAET (n=2)

y

Discontinued intervention (n = 3)
Declined MAET (n=1)
Physical reasons (n = 2)

Completed post-assessment (n = 12)

y

‘ Included in intention-to-treat analysis (n= 15)

Note. This CONSORT flowchart (Hopewell et al., 2025) is adapted from Liider et al. (2023). Individuals who did
not reach the randomization stage were referred to the outpatient clinic of the Division of Clinical Psychology and
Psychotherapy at Saarland University. All randomized participants were included in the intention-to-treat (ITT)
analyses. Missing outcome data were addressed using multiple imputation via fully conditional specification
(FCS). NET = Narrative exposure therapy; MAET = moderate-intensity aerobic exercise training; Participants in
the NET group received NET as a standalone treatment; Participants in the NET" group received a combined

treatment including NET and MAET as an adjunct.
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Figure 6.3

Two-level Structured Model Specification with Random Intercepts

outcome ~ treatment * timepoint + (1 | participant)

Level 2 (between participants factor — treatment):
7o = fo + P2 treatment; + s (treatment % timepoint) + ro;
Level 1 (within participants factor - timepoint):

Yy = moi + Pr-timepoint; + g;

Note. ; = participant; ; = time; ¥ = observed value of the dependent variable; o = intercept at to; f; = main effect of
time; f> = main effect of treatment; fs = interaction effect; ro; = participant-level deviation from m; & = residual
error.

To complement the frequentist analyses and enhance the robustness of inference in the
context of a small sample size, Bayesian (multilevel) models were estimated (van de Schoot et
al., 2021). The models were fit with four chains of 2000 iterations each (1000 warm-up
iterations), using a fixed random seed (seed = 123) for reproducibility (Gelman & Shalizi,
2013). Bayes factors (BF10) were computed based on marginal likelihoods estimated via bridge
sampling (Gronau et al., 2017), to quantify the relative evidence for the model including the
(TreatmentxTime) interaction term, compared to the simpler model neglecting the interaction.
BF1o were interpreted according to established guidelines (Kass & Raftery, 1995), with BFio >
1 indicating increasing support for the model including the interaction, and BF1o < 1 indicating

greater support for the simpler model excluding the interaction.

To gain further insights, we conducted visual inspections of symptom changes at the
treatment and participants’ level. Differences in within-group variability between treatment
groups lead us to exploratory analyses of the TreatmentxTimexCovariate interactions. Also, in
this context, a random intercept for each participant was included to account for inter-individual
variability at baseline (to). The significance testing of fixed effects was conducted using

Satterthwaite’s approximation of degrees of freedom (e.g., Luke, 2017), with p <.05 considered
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statistically significant. In the exploratory analyses, degrees of freedom are not reported, as they
were approximated using Satterthwaite’s method. Covariates examined included age (Hall et
al., 2020, Rosenbaum et al., 2015), sex (cf. Marshall et al., 2010), country of origin and native
language, considered together as a proxy for cultural background (cf. Rio & Saligan, 2023). To
allow for clear contrasts in exploratory model tests, participants were clustered into three
culturally distinct groups: Arabic, Central Asian, and Eastern European. The Arabic group
includes participants from Syria, Iraq, Lebanon, and Morocco, who share Arabic as a common
language and exhibit a high degree of cultural similarity. The Central Asian group includes
people from countries such as Afghanistan (who speak Dari or Pashto), Uzbekistan (who speak
Uzbek), Iran (who speak Farsi) and Turkey (who speak Turkish). Although these countries are
linguistically very different, their languages fall into two larger language families, Turkic and
Persian, and are thought to be closely historically and culturally entwined (e.g., Canfield, 1991).
The Eastern European group consists of participants from Ukraine and Croatia, speaking
Ukrainian and Croatian, both Slavic languages (e.g., Ivanov et al., 2025). This group was
defined based on geographic proximity and the assumption of shared cultural elements (e.g.,
Ivanov et al., 2025). Furthermore, residence permit was incorporated as an additional covariate.
For further exploratory examination of within-group effects, separate mixed-effects models
were conducted within the NET" group that included time, a specified MAET-related covariate,
and their interaction. These covariates included the total number of MAET sessions and two
indicators of MAET implementation accuracy (Stanton & Reaburn, 2014; Ekkekakis et al.,
2011): (1) the deviation between actual and target heart rate in MAET and (2) the incline during
MAET, both reflecting increased physical exertion, thus potential deviations from the

prescribed intensity of MAET.

6.4. Results

Descriptive and Comparative Analyses of the Sample and Treatment
Characteristics. Of the n = 86 individuals initially screened for eligibility, n = 30 were enrolled
in the RCT. The mean age was 27.47 (SD = 8.04) years, ranging from 16—42 years. Of these
participants, n = 19 were biologically male and » = 11 were biologically female, in all cases
consistent with self-identified gender (Langeland & OIff, 2024). There were no significant
differences in age (¢ (27.95) = —0.23, p = .822) or sex (p = .450, see Table 6.1) across treatment
groups. As outlined above, all participants were recruited in Germany, with the majority

originating from Syria (33.33%), Afghanistan (26.67%), and Ukraine (13.33%). No significant
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group differences were observed regarding country of origin (p = .415) or native language
(p =.774; for details, see Table 6.1). The most frequently reported native languages were Arabic
(40%), Dari (20%), and Ukrainian (13.33%). Participants differed, but not significantly, across
the treatment groups in their length of residence in Germany (¢ (22.55) = 1.80, p = .085). In
particular, the mean duration of residence in Germany for participants in the NET" group (M =
3.53 years, SD = 3.02) was nearly half that of the NET group (M = 5.92 years, SD = 3.89). A
larger proportion of participants in the NET" group (n = 6) than in the NET group (n = 3)
reported holding a temporary residence permit valid for three years or less. However, the overall
distribution of asylum status, including residence permit, did not differ significantly between

treatment groups (p = .860).

Using the SCID-5-CV, nearly half of the sample
(n = 13) met criteria for at least one additional psychiatric disorder besides PTSD and
depression, with no group differences. Participants reported an average of 13.13 (SD = 4.95)
traumatic events. According to the WAEC, the exposure to traumatic events was similar among
the groups (¢ (27.97) = 0.81, p = .426). The most frequently reported trauma was witnessing
(n=26) or experiencing (n = 25) physical assault. Other common traumas were separation from
family due to war (n = 24), loss of loved ones (n = 23), witnessing weapon attacks (n = 23) and
exposure to corpses (n = 22). Notably, no substantial group differences were observed in the
number of traumatic events (¢ (27.97) = 0.81, p = .426). See Table DI for details on trauma
exposure. With respect to the treatment’s implementation, the participants received an average
of 9.91 NET sessions (SD = 0.61) over a period of approximately 125.39 days (SD = 73.59),
with no significant differences between the groups in both, duration (7 (14.23) = 0.85, p = .407)
and count of NET sessions (W = 103.50, p = .696). A total of eight participants (n = 3 in the
NET group; n = 5 in the NET" group) additionally attended one to two crisis sessions in
response to acute psychological distress, including suicidal tendency, fear of deportation, or
experiences of domestic violence, similar across both groups (p = .682). Therapist allocation
did not differ significantly between treatment groups (p = .069). Overall, language mediation
was required in 76.67% of NET. No significant group differences were observed (p = .080).
The allocation of the individual interpreters between the treatment groups did not demonstrate
a significant difference (p = .174). In the remaining cases, NET was conducted in either German
or English. In the NET" group, a total of nine participants completed an average of 26.66 MAET
sessions (SD = 5.34) over 88.89 days (SD =33.60) as an adjunct to NET. Participants performed
MAET at an average pace of 10.08 minutes per kilometer (SD = 2.71). The MAET sessions
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lasted on average 46.52 minutes (SD = 0.96), which was significantly longer than the predefined
duration of 45 minutes (¢ (8) = 6.91, p < .001). Moreover, participants’ actual heart rates
deviated significantly from the target heart rate, with an average per-person deviation of 25.92
beats per minute (bpm; SD = 11.94; ¢ (7) =—8.69, p <.001). Additionally, a significant deviation
from prescribed incline was observed, with a mean difference of 17.47 meters (SD = 16.53; ¢

(7) =437, p < .001).

Frequentist Analyses of TreatmentxTime Effects on Primary and Secondary
Outcomes. Consistent with the descriptive statistics on the primary and secondary outcomes
presented in Table 6.2, the LMM showed no significant group differences at baseline in any of
these outcomes, as evidenced by the non-significant treatment effects at to (see Table 6.3).
Significant main effects of time were found across all primary and secondary outcomes (see
Table 6.3), with the most pronounced effect observed for the reduction of PTSD symptom
severity over time (¢ (28) = —7.93, p < .001) as assessed by the CAPS-5, corresponding to a
large, standardized effect size (standardized f = —0.73, 95% CI [-0.87, —0.59]). No significant
TreatmentxTime interaction effects were observed for any outcome variables in the LMM (see

Table 6.3).

Model fit indices are summarized in Table 6.4 with the CAPS-5 model showing the
highest marginal R? = 0.52, indicating substantial explanatory power of the fixed effects.
Conditional R?, accounting for both fixed and random effects, ranged from 0.57 (PCL-5) to 0.73
(CAPS-5), confirming good overall model fit. Complementarily, ICCs ranged from 0.39
(PCL-5) to 0.65 (BSCL), indicating that a considerable proportion of variance is attributable to
differences between participants, with the highest proportion of between-subjects variance

observed for psychological distress (BSCL) (see Table 6.4).
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Table 6.2 Descriptive Data of the Primary and Secondary Outcomes

Outcome to ti
M (SD) M (SD)
Mental Distress
BSCL NET group 108.33 (48.51) 81.20 (33.65)
NET" group 115.40 (52.74) 104.67 (40.32)

Total sample

Posttraumatic Stress Disorder

PCL-5

CAPS-5

Depressive Symptoms

HSCL-25

HAMD

Sleep Quality

PSQI

NET group
NET" group
Total sample
NET group
NET" group

Total sample

NET group
NET" group
Total sample
NET group
NET" group

Total sample

NET group
NET" group

Total sample

111.87 (49.92)

53.40 (12.11)
54.53 (15.33)
53.97 (13.59)
36.87 (8.18)
36.27 (8.32)

36.57 (8.11)

2.98 (0.51)
3.04 (0.53)
3.01 (0.51)
23.47 (6.71)
25.40 (7.40)

24.43 (7.01)

11.73 (4.01)
12.60 (4.91)

12.17 (4.43)

92.93 (38.39)

33.40 (14.63)
38.07 (15.49)
35.73 (14.99)
17.60 (11.11)
18.67 (7.78)

18.13 (9.44)

2.23 (0.63)
2.49 (0.62)
2.36 (0.63)
18.07 (9.24)
18.93 (9.39)

18.50 (9.16)

8.60 (3.40)
10.13 (3.83)

9.37 (3.64)

Note. to = pre treatment; t1 = post treatment; NET = Narrative exposure therapy; Participants in the NET group
received NET as a standalone treatment; Participants in the NET+ group received a combined treatment including
NET and MAET as an adjunct; BSCL = Brief Symptom Checklist (Franke et al., 2017); PCL-5 = PTSD Checklist
for DSM-5 (Blevins et al., 2015); CAPS-5 = Clinician-Administered PTSD Scale-5 (Weathers et al., 2013); HSCL-
25 = Hopkins Symptom Checklist-25 (Derogatis et al., 1974); HAMD = Hamilton Depression Scale (Hamilton,
1960; 1967); PSQI = Pittsburgh Sleep Quality Index (Buysse et al., 1989)
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Table 6.3 Fixed Effects Estimates from Linear Mixed-Effects Models for Primary and Secondary Outcomes

Model f (Estimate) SE df t p Standardized S
[95% CI]
BSCL Intercept 108.33 11.47 39.29 9.45 <.001""
Treatment 7.07 16.22 39.29 0.44 .665 0.17 [-0.16, 0.50]
Time —27.13 9.57 28.00 —2.84 .008™ —0.21 [-0.36, —0.06]
Treatment x Time 16.40 13.53 28.00 1.21 236 0.09 [-0.06, 0.24]
PCL-5 Intercept 53.40 3.73 48.63 14.31 <0017
Treatment 1.13 5.28 48.63 0.21 .831 0.09 [-0.18, 0.35]
Time —20.00 4.12 28.00 —4.85 <.001"" —0.54 [-0.72, -0.37]
Treatment x Time 3.53 5.83 28.00 0.61 .55 0.05[-0.12, 0.23]
CAPS-5 Intercept 36.87 2.31 46.67 15.96 <.001""
Treatment —0.60 3.27 46.67 —0.18 .855 0.01 [-0.21, 0.23]
Time —19.27 243 28.00 -7.93 <.001"" —0.73 [-0.87, -0.59]
Treatment x Time 1.67 3.44 28.00 0.49 .631 0.03 [-0.10, 0.17]
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Table 6.3 (continued.)

Model f (Estimate) SE df t p Standardized S
[95% CI]
HSCL-25 Intercept 2.98 0.15 44.56 20.15 <.001""
Treatment 0.06 0.21 44.56 0.29 771 0.12 [-0.16, 0.40]
Time —-0.75 0.15 28.00 -5.10 <.001"" —0.50 [-0.66, —0.34]
Treatment x Time 0.19 0.21 28.00 0.92 363 0.07 [-0.09, 0.24]
HAMD Intercept 23.47 2.13 41.77 10.99 <.001™
Treatment 1.93 3.02 41.77 0.64 525 0.08 [-0.31, 0.31]
Time -5.40 1.95 28.00 —2.77 010 —0.35[-0.51,-0.19]
Treatment x Time —-1.07 2.75 28.00 0.39 701 —0.03 [-0.19, 0.13]
PSQI Intercept 11.73 1.05 42.17 11.15 <.001™
Treatment 0.87 1.49 42.17 0.58 .563 0.14 [-0.17, 0.46]
Time -3.13 0.97 28.00 -3.22 .003™ —0.33[-0.49, -0.17]
Treatment x Time 0.67 1.38 28.00 0.485 .632 0.04 [-0.12, 0.20]

Note. BSCL = Brief Symptom Checklist (Franke et al., 2017); PCL-5 = PTSD Checklist for DSM-5 (Blevins et al., 2015); CAPS-5 = Clinician-Administered PTSD Scale-5
(Weathers et al., 2013); HSCL-25 = Hopkins Symptom Checklist-25 (Derogatis et al., 1974); HAMD = Hamilton Depression Scale (Hamilton, 1960; 1967); PSQI = Pittsburgh
Sleep Quality Index (Buysse et al., 1989); § (Estimate) = non-standardized estimate; SE = standard error; df = degrees of freedom; t = t statistic; standardized f = standardized
estimate; CI = confidence interval; *p < .05, ™ p <.01, ™ p <.001.



Table 6.4 Model Fit Statistics for Linear Mixed-Effects Models on Main Outcomes

Outcome Model Marginal R’ Conditional R? ICC BFo

Mental distress

BSCL 0.08 0.68 0.65 72.61
PTSD

PCL-5 0.30 0.57 0.39 18.81

CAPS-5 0.52 0.73 0.45 9.48

Depressive Symptoms

HSCL-25 0.26 0.64 0.51 0.87

HAMD 0.12 0.64 0.58 7.38
Sleep quality

PSQI 0.13 0.63 0.57 3.71

Note. Marginal R? = variance explained by the fixed effects; Conditional R? = variance explained by fixed and
random effects; ICC = intraclass correlation coefficients; BFi0 = Bayes factor comparing the model including the
interaction term to the reduced model excluding the interaction term; BSCL = Brief Symptom Checklist (Franke
etal., 2017); PCL-5 =PTSD Checklist for DSM-5 (Blevins et al., 2015); CAPS-5 = Clinician-Administered PTSD
Scale-5 (Weathers et al., 2013); HSCL-25 = Hopkins Symptom Checklist-25 (Derogatis et al., 1974); HAMD =
Hamilton Depression Scale (Hamilton, 1960; 1967); PSQI = Pittsburgh Sleep Quality Index (Buysse et al., 1989).

Bayesian Analyses of TreatmentxTime Effects on Primary and Secondary Outcomes.
While the frequentist analyses did not provide sufficient evidence for the TreatmentxTime
interaction, subsequent Bayesian analyses revealed moderate to strong evidence in favor of
models incorporating the interaction term (see Table 6.4). Models that included a
TreatmentxTime interaction showed greater predictive efficacy for psychological distress (BF1o
= 72.61 for BSCL), PTSD symptoms (BFio = 18.81 for PCL-5; BFi0o = 9.48 for CAPS-5), and
depressive symptoms (BFio = 7.38 for HAMD), compared to models that neglected the

Interaction term.

Visual Inspection of Symptom Changes across Treatment Groups. Symptom changes
of each participant are presented in Figures 6.4—6.6: PTSD symptoms (Figure 6.4), depressive
symptoms (Figure 6.5), general psychological distress and sleep quality (Figure 6.6). A visual
inspection of these symptom changes overall revealed heterogeneous patterns of within-group
variability across outcomes. The changes for the HSCL-25 (Figure 6.5) and the PSQI (Figure
6.6) did not demonstrate any notable variations between treatment groups. Psychological

distress, as measured by the BSCL (Figure 6.6), demonstrated the most remarkable
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heterogeneity in symptom changes within both treatment groups. In contrast, PTSD symptom
severity assessed by the CAPS-5 (Figure 6.4) showed a uniform decrease across the NET and
NET" groups. Regarding self-reported PTSD symptom severity measured by the PCL-5 (Figure
6.4), and depressive symptoms measured by the HAMD (Figure 6.5), the intragroup variability
of symptom changes differed between the NET and NET" groups, indicating systematic
variation within the treatment groups. Changes in HAMD scores demonstrated greater
variability in the NET group, while those in PCL-5 scores exhibited increased variability in the
NET" group. Given the contrasting patterns of symptom change observed in the NET and NET*
groups, the next step was to examine the influence of various covariates on HAMD and PCL-5

SCOI€CS.

Figure 6.4

Changes of PTSD Symptoms across Treatment Groups

NET group NET' group
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Note. to = pre treatment; t1 = post treatment; NET = Narrative exposure therapy; Participants in the NET group
received NET as a standalone treatment; Participants in the NET* group received a combined treatment including
NET and MAET as an adjunct; PCL-5 = total sum score of PTSD Checklist for DSM-5 (Blevins et al., 2015);
CAPS-5 = total sum score of Clinician-Administered PTSD Scale-5 (Weathers et al., 2013); Blue surface shows
mean symptom change; lighter surfaces, 95% CI.
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Figure 6.5

Changes of Depressive Symptoms across Treatment Groups
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Note. to = pre treatment; t1 = post treatment; NET = Narrative exposure therapy; Participants in the NET group
received NET as a standalone treatment; Participants in the NET* group received a combined treatment including
NET and MAET as an adjunct; HSCL-25 = total mean score of Hopkins Symptom Checklist-25 (Derogatis et al.,
1974); HAMD = total sum score of Hamilton Depression Scale (Hamilton, 1960; 1967); Blue surface shows mean
symptom change; lighter surfaces, 95% CI.

Exploratory Analyses and Impact of Covariates. Tables D2-D5 in the Supplementary
Materials present the results of exploratory analyses examining the potential moderating effects
of predefined covariates on HAMD and PCL-5 scores. Of all models tested in the exploratory
analyses, only the three-way interaction between treatment, time, and residence permit reached
statistical significance in predicting PCL-5 scores (f =—17.10, t =-2.77, p = .011), building on
a significant two-way interaction between treatment and time (f = 46.30, t = 2.75, p = .011).
No other covariate significantly moderated treatment effects on PCL-5 or HAMD outcomes

across models tested in the exploratory analyses.
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Figure 6.6

Changes of Psychological Distress and Sleep Quality across Treatment Groups
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Note. to = pre treatment; t1 = post treatment; NET = Narrative exposure therapy; Participants in the NET group
received NET as a standalone treatment; Participants in the NET* group received a combined treatment including
NET and MAET as an adjunct; BSCL = total sum score of Brief Symptom Checklist (Franke et al., 2017); PSQI
= total score of Pittsburgh Sleep Quality Index (Buysse et al., 1989); Blue surface shows mean symptom change;
lighter surfaces, 95% CI.

The TreatmentxTimexResidence permit interaction is illustrated in Figure 6.7. As shown,
participants in the NET" group with a temporary residence permit limited to three years
exhibited substantially less improvement in self-reported PTSD symptoms (PCL-5 scores)
compared to those with the same temporary residence permit receiving NET only, as well as
those with temporary to permanent residence permit exceeding three years across both

treatment groups.
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Figure 6.7

Three-way Interaction of Treatment, Time and Residence Permit on PCL-5
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Note. PCL-5 = PTSD Checklist for DSM-5 (Blevins et al., 2015); to = pre treatment; t1 = post treatment;
NET = Narrative exposure therapy; Participants in the NET group received NET as a standalone treatment;
Participants in the NET" group received a combined treatment including NET and MAET as an adjunct; “p < .05.

6.5. Discussion

The present study confirms the effectiveness of NET in reducing general psychological
distress, improving sleep quality, and reducing the severity of depressive and PTSD symptoms
in a sample of traumatized refugees with PTSD and co-occurring depressive symptoms in line
with current research (cf. Wright et al., 2020). Contrary to our initial hypothesis, no evidence
was found that the combined treatment was more effective than NET monotherapy.
Concurrently, the findings provide no evidence that exercise as an adjunct to TFP is inherently
detrimental. Recent studies have demonstrated that physical activity has a positive impact on
psychological well-being (Stathopoulou et al., 2006). In particular, large effects have been
observed when exercise is examined as a standalone treatment for depressive symptoms

(Stanton & Reaburn, 2014). When exercise is implemented as an adjunct to psychotherapy, its
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effects tend to be more modest, particularly when the primary treatment exhibits a substantial
effect. This makes it very difficult to identify any additional benefits of the adjunct, even if they
are present (Blackwell et al., 2019). Despite the absence of statistically significant interaction
effects in the frequentist analyses, Bayesian modeling revealed that the model incorporating the
interaction term demonstrated a superior fit in comparison to the model lacking this term. This
discrepancy indicates that the methodical framework of the present RCT may have lacked the
sensitivity to detect interaction effects, a limitation that is frequently observed in psychotherapy
research (cf. Angus et al., 2024) and is worthy of discussion in the context of clinical and
research perspectives. Moreover, Stanton and Reaburn (2014) underscore the substantial
heterogeneity in how exercise is conceptualized within psychotherapeutic contexts,
differentiating between type, intensity, frequency, and timing. In accordance with recent
recommendations (e.g., Stanton & Reaburn, 2014; Ding et al., 2020), the MAET employed in
the present RCT was designed to incorporate parameters with the potential to optimize efficacy.
Nonetheless, during the practical implementation of the present study, deviations from the
MAET protocol occurred, including variations in training frequency and inconsistencies with
the predefined MAET characteristics. While deviations from MAET protocol did not influence
relevant effects, one characteristic of participants receiving the combined treatment appeared
relevant: exploratory analyses indicated that the TreatmentxTime interaction was moderated by
residence permit of the participants. Specifically, participants in the NET" group with temporary
residence permit < 3 years showed less symptom improvement, or even increased PTSD
symptoms over time, compared to those with permanent residence permit > 3 years (see Figure
6.7). This effect was not observed in the NET group. These exploratory findings are consistent
with prior research indicating that a temporary residence permit in refugees can impede
psychological recovery by perpetuating a chronic sense of threat (Georgiadou et al., 2018;
Nickerson et al., 2011). Holding a temporary residence permit necessitates recurrent
bureaucratic procedures (in Germany) and leads to perceived insecurity and psychological
distress (Bakker et al., 2014). Conversely, a permanent residence permit has been demonstrated
to foster a sense of safety and future orientation. Previous studies have shown that transitioning
from a temporary to a permanent residence permit is associated with significant reductions in
PTSD and depressive symptoms (Nickerson et al., 2011). Given the observed phenomenon, it
can be hypothesized that participants with temporary residence permits may experience
increased cognitive load due to heightened perceived insecurity. At the same time a successful
implementation of a combined treatment, such as NET", requires an increased allocation of

organizational, cognitive, and motivational resources, for time management, additional physical
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activity, and the overcoming of cultural or physical barriers. Individuals with high cognitive
load have fewer cognitive resources available throughout the day, which makes it challenging
for them to adhere to the demands of the combined treatment. This could potentially impede
their engagement with therapeutic components. This, in turn, can hinder symptom improvement
or even contribute to the exacerbation of symptoms. Notably, these interpretations do not claim
to provide a comprehensive explanatory model and remain speculative. Nevertheless, the
results underscore the importance of tailoring treatment complexity to individuals’ cognitive
capacity and emotional load, for example, as influenced by perceived security in forcibly

displaced populations with limited residence permit < 3 years.

Limitations. Overall, this study’s findings must be interpreted with caution, particularly

considering several methodological limitations.

Impact of dropout and missing data handling on study findings and interpretation.
Dropout rates in studies examining PTSD treatments vary considerably depending on sample
characteristics, study design, and the use of trauma-focused interventions (Ehring et al., 2014)
with Semmlinger et al. (2025) reporting a dropout rate of 15.38% among refugees in Germany.
The present study also revealed a higher dropout rate in the NET than in the NET" group.
Participants ceased participation for various reasons, including severe emotional distress during
NET sessions, a lack of motivation to engage in either NET or MAET, the onset of physical
health problems during treatment, and external factors such as deportation (see Figure 6.2).
Irrespective of dropout or reduced treatment adherence, the intention-to-treat (ITT) principle
was applied, ensuring that all participants were analyzed according to their original treatment
group assignment (Gupta et al., 2011). The percentage of missing data due to dropout ranged
from 14.37% (HAMD) to 24.52% (PSQI). Given the heterogeneity of reasons for dropout, it
can be assumed that the missing data is missing at random (MAR), thus satisfying the
assumptions for the Fully Conditional Specification (FCS) method. This approach provides the
most accurate approximation of missing values for the present trial. However, it should be noted
that this is merely an estimation technique, thus resulting in an approximation of the true data.
This, in addition to the limited sample size, further restricts the interpretability and robustness

of the present findings.

Divergent statistical approaches and their impact on study findings and interpretation.
It is noteworthy that the present study contains adaptations in data analyses, primarily using
LMMs instead of 2x2 ANOVAs for multiple outcomes, to accommodate hierarchical data

structures and intra-group variability by modeling nested data structure. The analyses are based
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on data from to and t1, with t> being neglected. The analysis scheme has been demonstrated to
reduce the risk of inflated Type I errors (Luke, 2017) and to provide greater flexibility and
statistical efficiency, particularly in clinical trials with small sample sizes. This approach
facilitates more appropriate data handling in the context of an underpowered RCT.
Nevertheless, this post hoc modification of the analysis scheme constitutes a methodological

limitation, as it engenders the possibility of data-driven bias.

Impact of limited statistical power on the interpretation of study findings. Despite
adjustments of the statistical analysis scheme, the sample size (n = 30) remained substantially
below the target sample size (n = 68) considered necessary to detect moderate interaction effects
(Liider et al., 2023). Consequently, the frequentist analyses in the present study may have lacked
sufficient statistical power to detect the small effect of adjunct treatment, particularly shown in
a perceived TreatmentxTime interaction effect. Bayesian analyses, in contrast to frequentist
analyses, suggest a high probability of interactions for most outcomes, with the exception of
depressive symptoms (HSCL-25). However, the direction of these interactions remains unclear

due to limited statistical power in the frequentist analyses.

Challenges in recruiting refugees for clinical research. The reduced sample size can be
attributed to several challenges during the recruitment process, along with the extended study
period from three to five years. A particularly salient challenge was the concurrence of the initial
recruitment phase with the onset of the Covid-19 pandemic in 2020. The implementation of
public health restrictions in Germany has led to a substantial increase in the logistical and
procedural demands of conducting the present clinical research. Consequently, clinical studies
such as this one, which were conducted during the pandemic, often report a negative impact on
the recruitment of participants (c.f. Vindegaard & Benros, 2020; Wittmann et al., 2022).
Moreover, the specific characteristics of the target refugee sample led to a series of structural,
logistical, psychosocial, and sociocultural challenges during the recruitment process and
subsequently. Despite the high prevalence of PTSD and depression among forcibly displaced
populations, these individuals have severely limited access to psychotherapeutic care due to
restricted access to healthcare services in general, bureaucratic hurdles and language barriers,
which are further compounded by the limited availability of interpreters. Moreover, refugees
face considerable challenges, including the potential loss of, and separation from family
members, which can lead to diminished social support and acknowledgment. Cross-sectional
studies have reported moderate correlations (r = .25-.45) between self-perceived social

acknowledgment and PTSD severity (Mueller et al., 2008). Longitudinal analyses have
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indicated that lower acknowledgment predicts increases in symptoms over time (e.g., Mueller
et al., 2008). These findings underscore the crucial role of social acknowledgment in shaping
trauma outcomes. Moreover, factors such as cultural stigma, limited familiarity with the western
concept of psychotherapy, the role of physical activity within the framework of mental health,
and mistrust towards formal institutions serve as additional barriers (e.g., Ko¢ & Kafa, 2019.).
Emotional responses such as shame and guilt are particularly relevant in the context of PTSD.
Their expression and impact can vary depending on the cultural context (e.g., Maercker &
Hecker, 2016). These effects are not directly to be addressed within the framework of the current
treatment protocol. Consequently, the specific characteristics of the sample made both
recruitment and adherence difficult. However, these challenges are not exclusive to the present
study. In particular, the limited adherence to treatment constitutes a more general challenge to
standardization, especially to RCTs conducted in forcibly displaced populations. RCTs are
characterized by methodological rigor, which does not allow for flexible, individualized
treatment adaptations in progress (Herzog & Kaiser, 2022). Conversely, a sample of
traumatized, forcibly displaced individuals exhibits a wide range of symptoms, which likely
requires individualized and adaptable psychotherapeutic approaches. The inclusion and
exclusion criteria of this RCT represent merely a single facet of the methodological rigor of the
RCT. The present study excluded individuals with physical impairments that could impede
exercise participation, which limits the generalizability of the findings, as such impairments are
common among refugees due to experiences of violence and torture. Furthermore, the present
RCT excluded individuals with prior experience of endurance training. This meant that
participants who may have used exercise as a personal resource or coping strategy were
excluded. Thus, the MAET approach may not be considered resource oriented. This is in
contrast to recommendations to adapt treatments to the strengths and resources of individuals,
particularly in contexts involving severely affected and hard-to-reach patient groups, such as
refugees with PTSD and depression (Hook et al., 2021). Consequently, these factors may
increase the risk of reduced adherence to the study’s treatments, especially MAET.
Due to the various challenges faced by the target group, it was unavoidable for deviations to
occur in clinical practice from the planned treatment protocol. However, these deviations were
carefully monitored. While these deviations compromise the internal validity of the present
study, they enhance the ecological validity by more accurately reflecting the realities of treating
traumatized refugees. The lack of a significant interaction between treatment and time, as well
as the heterogeneity of symptom trajectories, may reflect the challenges associated with

applying a strictly controlled study design, such as a randomized controlled trial, to a sample
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that is both heterogeneous and clinically complex (Schouler-Ocak & Kastrup, 2019; Baumel et
al., 2024). Nevertheless, to the best of our knowledge, this is the first study to examine the use
of MAET as an adjunct to TFP in this specific and highly relevant clinical setting. Unlike
previous studies on MAET, which have focused on depression and, less frequently, PTSD and
have typically employed simple linear models for less complex samples, our RCT examined
the effect of MAET beyond that of NET by using LMM to account for the hierarchical data
structure. The statistical approach further incorporated frequentist analyses and Bayesian model

comparisons, serving to enhance the precision of the results obtained.

Clinical implications. The implementation of MAET as an adjunct to NET in the present
study was based on two primary considerations. Firstly, there is substantial evidence to support
the mono-therapeutic efficacy of MAET in alleviating depressive symptoms. According to
biopsychosocial models, this may enhance NET’s effects on both primary PTSD and co-
occurring depressive symptoms and moreover potentially reduce dropout rates. Secondly,
MAET is widely regarded as clinically applicable due to its cost-effectiveness, accessibility,
and low-threshold nature. However, it must be acknowledged that MAET is only one specific

type of exercise, which may not address the diverse needs of all participants examined.

At the same time, this limitation highlights the exercises’ conceptual and modal variability
as a key strength, which could make exercise a valuable adjunct to psychotherapy. Indeed, this
variability enables the adaptation of treatments to the individual patient’s needs, while
considering personal strengths and resources, psychosocial and cultural factors, physiological
capacities and limitations, and broader contextual factors. Recent research findings indicate that
personalized exercise prescriptions promote self-responsibility, improve self-regulation, and
enhance adherence to adjunct treatments (Almarcha et al., 2024). In addition, it has been
demonstrated that personalized exercise interventions increase self-efficacy and motivation in
a highly distressed veteran population (Browne et al., 2025), suggesting that they may also be
effective with similarly complex clinical samples, such as traumatized refugees with PTSD and
depression. In clinical practice, the incorporation of patient choices in the conceptualization of
exercise as an adjunct could be a promising solution (Johnson et al., 2025). This approach
addresses two objectives simultaneously: offering practical implications for implementing
comprehensive, individualized treatment and enhancing treatment adherence and effectiveness

by increasing motivational components.

Future research. Translating adaptive, individualized clinical approaches into a

methodological framework is challenging, as clinical practice and clinical research might
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“operate as a house divided” (Angus et al., 2024, p. 160). Herzog and Kaiser (2022) emphasize
that traditional RCTs do not adequately address the complexity and individual variability
inherent in psychotherapeutic treatments. Idealized study conditions often differ greatly from
real-world psychiatric and psychotherapeutic care (Schmacke, 2006). Accordingly,
investigating the effectiveness of complex, long-term psychotherapies requires adaptive
methodological approaches (Leichsenring & Rabung, 2008, 2011). In recent years, a number of
trial designs have been developed to optimize the translation of clinical inquiries into
appropriate research frameworks (Pallmann et al., 2018). The following experimental designs
are particularly well-suited to address the present research question. One of the most well-
known adaptive trial designs is the Sequential Multiple Assignment Randomized Trial
(SMART; Murphy, 2005). This multi-arm design involves the random allocation of participants
to psychotherapeutic treatments across multiple randomization stages, with assignments
adapted to participants’ symptom changes and treatment responses to prior interventions and
their characteristics. This enables to identify the most fitting treatment approach for each
participant (Lorenzoni et al., 2023). The Leapfrog Design, adapted from oncology research
(Blackwell et al., 2019), is an innovative, adaptive trial approach, allowing the simultaneous,
efficient evaluation of multiple treatments using sequential Bayesian analyses. It allows
investigators to “leap over” treatment options by discontinuing ineffective arms and introducing
promising new interventions into the ongoing trial. This framework enhances the efficiency of
clinical translation, reduces the required sample size, saves resources, and decreases the risk of
false-negative results while supporting continuous treatment optimization (Blackwell et al.,
2023). The nested-precision RCT (npRCT) (Kappelmann et al., 2021) is a design that integrates
features of traditional RCTs, such as initial randomization to treatment arms, while also
considering individual characteristics and treatment responses at predefined interim stages. At
these stages, subsequent randomization occurs, whereby participants within their original
treatment groups receive continuation, adaptation, or alternative treatments (nested
randomization). This iterative process allows for the flexible, data-driven optimization of
treatment sequences, improving the identification of the most effective therapy for distinct

subgroups.

Future research on adjunct treatments, such as exercise, in psychotherapeutic care should
use multi-arm adaptive designs incorporating modular treatment arms, predefined decision
rules, online symptom monitoring, and transparent reporting. These designs ensure validity

when dealing with real-world clinical complexity. With careful documentation of exercise-,
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participant-, and context characteristics, a further step would be to cluster these into exercise
and patient profiles for adjunct treatment based on a large dataset. Machine learning can assess
intervention—patient profile matching to derive tailored therapy recommendations. The
effectiveness of these recommendations can then be systematically tested to ensure they are
both effective and appropriate. The implementation of a personalized allocation and validation
process is likely to entail a substantial investment of time and financial resources during the
development and execution phases. Early applications of machine learning were conducted by
Rollmann et al. (2023) to individualize psychodynamic therapy according to patient needs.
These findings suggest that the field is still in its infancy but holds considerable promise for

advancing individualized psychotherapy.

6.6. Conclusion

The present study lies at the intersection of methodological rigor and clinical applicability.
The findings demonstrated no statistically significant superiority of a combined treatment
including NET and MAET in traumatized refugees with PTSD and co-occurring depressive
symptoms in Germany, compared to NET only. However, the lack of significant results under
these conditions should not preclude the usage of exercise as an adjunct to
TFP, even for this population. The validity of the present findings is limited by the modest and
heterogeneous sample, which resulted from challenges in recruiting participants and
implementing the clinical treatment. Notwithstanding the constraints on interpretability, the
circumstances in which the results were obtained reflect real-world conditions and thereby

enhance ecological validity.

The present study demonstrates the feasibility and benefit of delivering a (combined)
psychotherapeutic treatment in outpatient care for forcibly displaced individuals, despite
numerous challenges. Notwithstanding the fact that the combined treatment did not result in
greater improvement in symptom severity than NET as mono-therapy, a greater proportion of
participants in the NET" group successfully completed NET. In this context, the study
emphasizes the importance of incorporating patients’ unique capabilities and requirements and
contextual characteristics by adding adjuncts to psychotherapy. Considering the heterogeneity
of exercise, its variability should not be regarded as a limitation, but rather as an opportunity to
tailor treatments precisely to each patient’s unique needs, making it a flexible adjunct. Future

research should focus on ensuring that interventions are appropriately translated from clinical
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practice to the research context. This could be achieved through more flexible, adaptive, multi-
arm trial designs that vary exercise characteristics across arms, balancing methodological rigor

with the complexity and diversity of real-world mental health care.
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7. Discussion

7.1. General Discussion of the Studies’ Findings within an Overarching Framework

In this dissertation, between-person differences in PTSD symptom expression and
treatment effects are interpreted as clinically meaningful variation, providing the empirical
basis for an integrative, context-sensitive synthesis of PTSD care. The following section
critically appraises Studies I, 2, and 4, situates their findings within the current evidence base,
and examines the relative relevance of memory-related mechanisms and contextual factors to
diagnosis, prevention, and treatment. Finally, limitations, clinical implications, and directions

for future research are outlined.

7.1.1. Core Memory Mechanisms and Context in a Longitudinal Post-trauma Perspective

In Study 1, the aggregated-data meta-analysis and the analysis of individual participant
data (IPD) showed that post-trauma sleep was slightly more effective than wakefulness at
reducing the frequency of intrusions in an analogue trauma paradigm. In the meta-analysis of
aggregated data, sleep was associated with fewer intrusions (log-ROM = 0.25,
95% CI [0.10, 0.39], p < .001) compared to wakefulness. Consistently, the IPD meta-analysis
provided evidence for a between-group difference in the count component of the model,
b=-0.19, 95% CI [-0.35, —0.03], p = .020, showing that participants in the wake conditions
experienced a higher number of intrusions than those who slept. However, these findings cannot
be generalized on posttraumatic distress. Neither the aggregated-data meta-analysis
(log-ROM =0.09, 95% CI [—0.03, 0.22], p = .145) nor the IPD meta-analysis provided evidence
that sleep compared to wakefulness reduced distress (b = —0.06, 95% CI [-0.22, 0.11],
p = .522). Furthermore, the likelihood of experiencing any intrusions did not differ between
sleep and wake groups (see Table 3.3). Overall, the small-to-moderate effect on intrusion
frequency was consistent across heterogeneous study designs, supporting the effects’

robustness.

This suggests that sleep may influence early memory processes following trauma,
interpreting the effect of sleep as a manipulation of early consolidation-related processes. This
finding aligns with prior research indicating that consolidation-supportive approaches can yield
preventive effects after trauma (e.g., Wright et al. (2021); N = 2821; RR = 0.67,
95% CI [0.50, 0.90]), albeit typically of limited magnitude. Importantly, such approaches aim
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to facilitate natural memory processing rather than directly modifying trauma memories, that
stands in contrast to interventions such as psychological debriefing, which have not
demonstrated benefit and may be harmful (Bisson & Andrew, 2007; Rose et al., 2002). Study 1
therefore provides evidence that conditions thought to support memory processing, such as
sleep, may reduce early intrusive re-experiencing in an analogue trauma paradigm. However,
because these findings derive from experimental analogue models on non-clinical samples, the
transfer of the evidence to clinical populations and practice is limited. Moreover, posttraumatic
sleep alone is unlikely to be sufficient to meaningfully shift broader early posttraumatic
responses. Early memory processing is shaped by several contextual factors through their
impact on acute stress responses and recovery conditions (see Chapter 1.1.4). From this
integrative perspective, sleep can be on the one hand conceptualised as a consolidation-relevant
biological state and on the other hand as a context-sensitive resource that moreover depends on
contextual factors such as safety, stability, and other environmental factors (Bobba, Bacaro &
Crocetti, 2023; Charuvastra & Cloitre, 2009). As the results show, sleep may influence the
frequency of early intrusions following trauma. However, the occurrence of intrusions and their
associated distress are likely shaped by additional contextual risk and protective factors. Against
this background, early post-trauma interventions appear most effective when they target the
individual’s contextual environment, thereby supporting natural memory processing.
Optimizing contextual factors directly (e.g., through sleep, a key mediator of memory
consolidation) or indirectly (e.g., by ensuring safety to facilitate sleep) may promote the

adaptive integration of traumatic memories, that prevents from PTSD.

Study 2 addressed the dissertation’s broader question of whether widely used PTSD
screenings can be interpreted equivalently across linguistically and culturally heterogeneous
settings. In accordance with this objective, Study 2 demonstrated the PCL-5 to possess excellent
internal consistency across both, the German- and Arabic-speaking subsamples
(Cronbach’s a = .96; 95% CI [.95-.96]). The CFA in Study 2 indicated good model fit across
all tested models, with the Anhedonia and Hybrid models showing the best fit in each
subsample. These findings are in line with prior evidence (e.g., Ibrahim et al., 2019). Moreover,
the MGCFA supported configural, metric and threshold invariance. Thus, findings of MGCFA
indicate that the factor structure and item—factor relations were comparable across the PCL-5
German and Arabic versions. However, scalar invariance was not supported, indicating that
some items may be endorsed differently as a function of group affiliation. Consequently, raw

sum scores may not be fully comparable and could over- or underestimate between-group

144



differences in PTSD severity. It is therefore recommended to interpret variations in total scores
with caution, as they may be partly influenced by contextual variations in symptom reporting
and not necessarily indicative of genuine differences in latent PTSD severity between
individuals. This interpretation aligns with cross-cultural research showing that PTSD symptom
expression and reporting vary with sociocultural and linguistic context (e.g., Hinton & Lewis-
Fernandez, 2011; 2018). It also fits newer accounts highlighting meaning-making and social
acknowledgement as key influences on how symptoms are experienced and communicated
(e.g., Honsy et al., 2023). Moreover, it is important to note that the two subsamples from Study
2 differed not only in language and culture but also in trauma-related characteristics. It was
found that the Arabic-speaking subgroup most commonly reported man-made traumatic events,
whereas the German-speaking subsample most commonly reported accidental events. More
broadly, unmeasured contextual factors may have contributed to group-specific item-response
patterns, emphasising the need to characterise the subsamples in future research more
comprehensively. Where intergroup comparisons are required, strategies such as psychometric
adjustments (group-specific cut-off scores) may help reduce bias (e.g., Ibrahim et al., 2018a).
Overall, Study 2 supports the dissertation’s perspective that core PTSD symptom dimensions
are largely stable across German and Arabic languages and cultures, while context can shape

how latent severity is reflected in observed PCL-5 scores.

Study 3 examines an adjunct treatment approach in traumatised refugees in Germany,
combining NET as a mechanism-based trauma-focused treatment with MAET as a low-
threshold adjunct. Study 4 evaluates initial outcome data from this RCT and demonstrates that
NET was associated with substantial pre—post improvements in psychological distress, PTSD
and depression symptom severity and sleep quality. This pattern is consistent with research
supporting the effectiveness of trauma-focused interventions, including NET, in highly
burdened populations from (post-)conflict regions (e.g., Hijazi et al., 2014; Neuner, Elbert &
Schauer, 2018; Robjant & Fazel, 2010). It also reinforces the premise of the dissertation that
targeting memory-related mechanisms is central to PTSD treatment. The initial hypothesis
posited that MAET would offer additional benefits over NET on the examined outcomes. This
hypothesis is based on previous research, which suggests that physiological adjuncts such as
exercise can demonstrate broad beneficial psychological effects (cf. Powers et al., 2015), as
physical activity is an integral component of a global health approach (see Bouchard, Blair &
Haskell, 2012) across (cultural) contexts. However, the findings in Study 4 did not support this
hypothesis. In Study 4 we found that MAET did not lead to any additional improvements in
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primary symptom outcomes beyond those achieved by NET. These results augment existing
metanalytical evidence demonstrating considerable variability in the efficacy of adjunct
treatments in TFP, with only a minority exhibiting modest yet statistically significant outcomes
(Michael et al., 2019; Powers et al., 2015; Yehuda et al., 2015). Despite the absence of any
discernible effects of the adjunct on primary outcomes, the findings suggest that it exerts its
influence on process level. As demonstrated by the findings of exploratory analyses, the NET*
group exhibits a lower dropout rate in comparison to the NET-group. Despite the fact that the
dropout rate does not constitute an a priori registered endpoint and consequently necessitates a
cautious interpretation, this observation is clinically relevant. In principle, the effect of MAET
may be less incremental and more relevant for the implementation of NET. MAET could act as
a facilitating element that enhances, for example, accessibility, adherence, and continuation of
NET. In routine care, this could translate into higher completion rates by reducing context-
related barriers to sustained engagement with trauma-focused treatment. Furthermore, the
moderator analyses in Study 4 provide additional support for the dissertation’s conceptual
framework by demonstrating that treatment effects do not occur in isolation. A substantial three-
way interaction of treatment, time, and residence permit was observed to have a significant
impact on the severity of PTSD symptoms, as measured by the PCL-5 scale. The findings
indicated that participants who held a temporary residence permit with a duration limited to
three years exhibited considerably diminished improvement in the NET" group (f = —17.10,
t=-2.77, p = .011). Despite the exploratory nature of the moderator analyses, the findings are
consistent with research suggesting that ongoing limited residence permits can perpetuate threat
and impede psychological recovery among refugees (Georgiadou et al., 2018; Nickerson et al.,

2011).

Overall, Study 4 corroborates prior findings that NET, as a primarily mechanism-focused
PTSD treatment, is well suited to traumatised refugee samples and appears to be the main driver
of robust symptom improvement in this population. Moreover, MAET was conceptualised as a
low-threshold adjunct to enhance the treatment’s context-sensitivity. However, preliminary
results indicate that such MAET should not be generalised and understood as a one-size-fits-all
supplement (cf. Browne et al., 2025). The findings of Study 4 demonstrate that both treatment
effects and potential additional benefits of adjuncts arise under structural contextual conditions
and are co-determined by the interaction of contextual risk and protective factors. In order to

achieve the best possible outcome, it is essential that both, treatment and adjuncts are
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conceptualised context-sensitively. Future research should clarify how this can best be

implemented in clinical practice.

7.1.2. Interim Summary

Taken together, the findings from the present studies provide converging evidence for the
relevance of integrative approaches addressing both, core mechanisms and context-sensitivity
in prevention, assessment, and treatment of PTSD. It is therefore evident that approaches which
address only one dimension are unlikely to capture the complexity of PTSD sufficiently for

accurate assessment or effective care.

On the one hand, particularly early posttraumatic trajectories are shaped by contextual
factors that modulate trauma-memory processing and, in turn, determine whether the event is
consolidated as an integrated autobiographical memory or persists in a fragmented, intrusive
form. In line with this, Study I suggests that mechanisms-focused preventive interventions are
most effective when embedded in an early contextual scaffold that supports adaptive
consolidation. Consequently, early prevention may need to target both memory-related core
mechanisms and the contextual framework to facilitate naturalistic, adaptive memory

integration after trauma.

On the other hand, Study 4 demonstrated significant symptom improvement in established
PTSD following TFP, particularly NET. This lends support to the conceptualisation of PTSD as
a memory-related disorder (see Chapter 1.1.5), as trauma-focused treatments primarily target
maladaptive trauma-memory processing. Furthermore, it accords with evidence for NET’s
effectiveness across diverse cultural contexts (e.g., Crombach & Siehl, 2018). Concurrently,
Study 4 suggests that the overall efficacy of treatment and the potential incremental benefits of
adjunct components vary according to contextual constraints that influence engagement and
retention, which are fundamental prerequisites for NET’s exposure-based memory-integration
processes (Elbert, Schauer, & Neuner, 2015). Consequently, an integrative treatment approach
appears to be most promising. This approach maintains mechanisms-focused psychotherapy as
the primary intervention, while adapting both implementation and adjuncts to the patient’s

context to ensure maximum effectiveness.

Study 2 provides support for a latent factor structure of the PCL-5 that is largely
comparable across the German and Arabic versions. At the same time, it is suggested that

symptom meaning and communication vary with sociocultural and linguistic context, which
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can limit the comparability of observed scores across groups (as also suggested by the findings
of Study 2). Therefore, even in cases where the latent structure is shared, a dual focus is required
in PTSD assessment. Firstly, robust measurement of core symptom dimensions must be
maintained. Secondly, it is imperative to ensure that the assessment and its results are applied
and interpreted in context. In future research and clinical practice, greater consideration must
be accorded to this dual focus on PTSD assessment in order to ensure valid diagnostic

assessment of PTSD.

Despite the fact that the studies examined prevention, assessment, and treatment
separately, they each address one of three stages of posttraumatic processing. Consequently,
they can be integrated along the post-traumatic timeline. Despite the absence of a
comprehensive longitudinal analysis in the included studies, they, in sum, provide a foundation
for stage-sensitive longitudinal research aimed at mapping risk profiles, symptom trajectories,
and treatment responses in greater detail over time. Conducting such research would facilitate
greater investment in mechanisms and causal pathways, thereby enabling more accurate
answers to the question of which interventions are most effective for whom at which stage of

posttraumatic processing.

7.2. Limitations

Although the present dissertation makes a significant contribution to the refinement of
context-sensitive prevention, diagnostic assessment and treatment in posttraumatic processing,
the following limitations should be considered. Firstly, the included studies are embedded in a
theoretical model that conceptualises the relevance of context-sensitivity and the dynamic
interplay of influencing factors across posttraumatic stages. But none of these studies directly
operationalises or experimentally manipulates contextual factors or core memory processes.
Consequently, specific mechanisms of action remain to be empirically validated. Furthermore,
the included study designs are predominantly cross-sectional. Only the RCT in the Studies 3
and 4 employs a two-wave structure. However, it is important to note that this study design do
not constitute longitudinal assessments commencing from the point of trauma exposure.
Correspondingly, inferences about the relative importance of mechanism-based and contextual
factors for assessment and intervention across posttraumatic trajectories are informed by the
stepwise convergence of findings across the included studies. They are not based on dynamic,

within-person modelling of posttraumatic trajectories since trauma exposure, nor on direct tests
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of mechanisms of action. Even though each study included in this dissertation adheres to
elevated methodological standards and employs state-of-the-art analytical approaches
appropriate for its specific research question, the overall evidence base is characterised by
considerable heterogeneity in study designs, objectives, samples, and assessment strategies.
This variation can be attributed to the fact that the individual studies were originally designed
to address distinct research aims rather than to pursue a unified, overarching empirical agenda.
Consequently, while all studies can be conceptually situated within a shared framework of
context-sensitivity, their methodological and conceptual diversity limits the integrability of the
findings and restricts the extent to which a holistic interpretation across studies is feasible. This
heterogeneity, therefore, serves to reinforce the broader limitation that context-sensitivity, as a
theoretical integrative construct, is not empirically operationalised in a consistent manner

across the dissertation.

Furthermore, there are limitations on the studies’ findings generalisability. Study I
synthesised a small number of heterogeneous analogue designs, which constrained the
feasibility of comprehensive moderator analyses that could have informed causal inference.
Consequently, the generalisability of the findings remains debatable. Evidence derived from
analogue paradigms does not yet warrant direct clinical implications; however, the observation
of clear, statistically significant effects across diverse designs suggests that the sleep-related
effect, albeit small, is relatively robust. Notably, the restricted number of suitable studies
facilitated conducting highly rigorous IPD meta-analyses, thereby enhancing both internal
consistency and data quality. However, it should be noted that the findings are specific to
healthy samples and analogue experimental settings, which substantially restricts ecological
validity and external generalisability (Lau-Zhu, Holmes, & Porcheret, 2018). Consequently,
hypotheses derived from analogue research may not be directly translatable to real-world
clinical contexts. In Study 2, the measurement invariance of the PCL-5 was evaluated across
German- and Arabic-speaking participants. The entire sample was drawn exclusively from
individuals residing in Germany. Furthermore, approximately 42.75% of the Arabic-speaking
subgroup reported a migration or refugee background. Migration and forced displacement
represent salient contextual determinants that are likely to shape trauma exposure (e.g., type,
severity, and chronicity), as well as subsequent posttraumatic trajectories (Blackmore et al.,
2020). These factors may also influence the prevalence and comorbidity profiles of PTSD and
depression, patterns of symptom expression, and response styles in diagnostic assessments.

Consequently, the Arabic-speaking subgroup comprises a highly selective population and
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cannot be assumed to represent Arabic-speaking populations more broadly. Furthermore, the
CFA models examined in Study 2 were not exhaustive. Recently proposed, more parsimonious
factor models were not tested (cf. Pettrich et al., 2025), which further limits the interpretability
of the findings and constrains their generalisability beyond the specific sample and model
specifications used in Study 2. Studies 3 and 4 are based on the same RCT that included a highly
specific and relatively small sample of trauma-exposed refugees living in Germany who met
criteria for PTSD and reported clinically relevant depressive symptoms. The limited sample
size imposes constraints on the generalisability of the observed effects and reduces statistical
power, particularly for detecting the a priori expected small adjunct effects of MAET over and
above NET. Participant recruitment, trial implementation, and complete data collection were
substantially disrupted by major global and personal crises, including the Covid-19 pandemic
and geopolitical conflicts, as well as by participants’ mobility, language barriers, and unstable
living conditions. To reduce the loss of data whilst remaining in accordance with the intention-
to-treat principle, suitable imputation strategies were employed. Moreover, it is important to
note that Study 4 presents preliminary outcomes that are currently restricted to pre—post
comparisons, as follow-up data have not yet been incorporated. This preliminary status imposes
further limitations on the interpretability of the results and the robustness of the inferences that
can be drawn at this stage. The extension of analyses in Study 4 to include Bayesian approaches
partially addresses these constraints by enabling estimation of effect tendencies under limited
sample sizes. The RCT design was initially selected to meet the methodological gold standard
for evaluating the added value of MAET as an adjunct to NET, with the objective of maximising
internal validity. However, as discussed in detail in Study 4 and noted above, the trial faced
substantial contextual constraints in its real-world execution (see Corrigan & Salzer, 2003).
Consequently, despite the strengths of RCT methodology, conducting trials in highly vulnerable
populations under naturalistic conditions can expose important limits to feasibility and
ecological validity. This underscores an inherent tension between methodological rigour and
contextual realism in trauma research with forcibly displaced populations. Consequently, future
research may benefit from incorporating integrative or alternative designs that more accurately
reflect the complex contextual realities of severely burdened groups, including refugees (see

Chapter 3.4).

As previously mentioned, the data collection process for Studies 2 to 4 was conducted
under particularly challenging conditions. The data were collected between 2020 and 2025, a

period characterised by a series of global crises, including the Covid-19 pandemic, ongoing
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geopolitical conflicts (for example, those in the Middle East and the Russia—Ukraine war),
climate-related stressors, and increased forced migration. It is hypothesised that these
contextual conditions exerted a significant influence on various factors, including trauma
exposure and living circumstances, the progression of symptoms and resilience processes, and
the recruitment process as well as the overall feasibility of (clinical) research. It is worth noting
that a significant number of studies, particularly clinical trials, conducted during this period
reported constraints related to reduced sample sizes and difficulties in maintaining protocol
adherence (McDermott & Newman, 2020; 2022; Saad et al., 2022). Similarly, Studies 2 to 4 in
this dissertation were affected by pandemic-related barriers that constrained the recruitment and
resulted in smaller-than-planned samples. Consequently, the findings of these studies should be
interpreted in light of this specific historical and socio-cultural context, as this may reduce their
transferability to other time periods, regions, or care settings. While acknowledging these
limitations, the methodological rigor and ecological validity of the included studies (except for
Study 1; see Lau-Zhu, Holmes, & Porcheret, 2018) provide a solid foundation for deriving
integrative clinical implications. Preliminary implications derived from the individual empirical

findings have been discussed in detail in the respective manuscripts.

7.3. Clinical implications

While acknowledging these limitations, the methodological rigour and ecological validity
of the included studies (with the exception of Study I; Lau-Zhu, Holmes, & Porcheret, 2018)
provide a solid foundation for deriving integrative clinical implications. The preliminary
implications derived from the individual empirical findings have been discussed in detail in the
respective manuscripts. The subsequent sections intentionally extend beyond the scope of
individual studies providing clinical implications. These implications must therefore be
regarded as conceptual recommendations, offering an orientation for context- and time-

sensitive clinical practice, but requiring systematic empirical validation (see Chapter 3.4).

7.3.1. From Subtyping to Multidimensional Risk Profiles Across Posttraumatic Trajectories

As PTSD prevalence and symptom presentation vary systematically with trauma type (see
Figure 1.1), it is clinically useful to incorporate trauma characteristics into diagnostic
assessment and risk stratification (Liu et al., 2017). In accordance with this, the ICD-11

introduces a taxonomy that differentiates between PTSD and Complex PTSD (CPTSD).
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Although the ICD-11 does not specify a particular trauma type to be indicative of CPTSD,
research and clinical consensus indicate that the likelihood of developing CPTSD is increased
in cases of prolonged and repeated interpersonal trauma (Cloitre et al., 2013). This distinction
serves to illustrate the clinical value of trauma-informed subtyping in improving diagnostic
precision and informing more tailored treatment planning. However, it must be noted that
trauma characteristics represent merely one dimension of context. As outlined in Chapter 1.1.4,
linguistic and cultural factors also influence the perception, labelling and communication of
trauma-related stress symptoms. Consequently, it is recommended that diagnostic assessment
instruments be adapted to the linguistic and cultural background if measurement invariance
across subsamples cannot be ensured (see Study 2). In this regard, one potential approach would
be to implement subgroup-sensitive cut-off scores to maintain diagnostic validity (e.g., Pettrich
et al., 2025). However, given its inherent categorical nature, subtyping has tended to potentially
oversimplify symptom variability and the complexity of posttraumatic processing. The
individualised conception of multidimensional risk and resilience profiles has been
demonstrated to be a more comprehensive approach to tailored diagnostics. This approach
integrates pre-traumatic vulnerabilities (e.g., genetic liability, prior psychopathology;
Schultebraucks et al., 2021), peri-traumatic responses (e.g., dissociation; Dokkedahl & Lahav,
2024), and early posttraumatic influences (e.g., social support; Wang et al., 2021; coping style;
Bryant & Harvey, 1995). Collectively, these factors shape the onset and clinical expression of
trauma-related symptoms and PTSD. Risk and resilience profiles can be derived along the
posttraumatic processing continuum, enabling early identification of individuals at elevated risk
of intrusive memories, acute stress disorder, and subsequent PTSD (cf. Delgadillo, Moreea &
Lutz, 2016). In sum, the use of risk and resilience profiles in the diagnostic assessment of PTSD
has been shown to yield substantial diagnostic precision (Cloitre et al., 2015). At the individual
level, context-sensitive diagnostics require consideration of cultural concepts and idioms of
distress in posttraumatic symptoms and PTSD. Otherwise, there is a risk of misinterpreting
culturally and linguistically shaped metaphors and explanatory models during diagnostic
assessment (Cork, Kaiser, & White, 2019). To illustrate this point, during the baseline
assessment (to) in Study 4, a Pashto-speaking participant with an Afghan background stated:
“When I wake up at night, a jinn is sitting on my chest” (CAPS-5 diagnostic protocol excerpt,
from Study 4; translated from Pashto). To determine the underlying phenomenology and
meaning of this remark, contextual explanations were necessary. In this case, the phrase was
consistent with nocturnal distress characterised by acute somatic anxiety sensations (e.g., chest

tightness and dyspnoea), rather than perceptual experiences. This underscores the need to
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integrate linguistic—cultural context and patient meaning-making into diagnostic assessment
(cf. Galsgaard, 2021) and for clinicians’ intercultural competence to translate culturally bound

symptom descriptions into clinically relevant information (Cork, Kaiser, & White, 2019).

7.3.2. Diagnostic Staging Across Posttraumatic Trajectories

Moreover, clinical staging constitutes a progressive integrative approach between
diagnostics and treatment that was originally developed in the field of oncology to evaluate the
stages of diseases (cf. Sobin et al., 2015). This approach has been adopted into psychiatric
research and clinical practice to guide stage-appropriate stepped care in mental health disorders
(Bisson et al., 2019; McGorry et al., 2006). More recently, staging has been applied to trauma-
related disorders (Bryant, 2019). In particular, McFarlane et al. (2017) and Nijdam, Vermetten,
& McFarlane (2023) have proposed staging models for PTSD (see Table 1 and Table 2 in
Nijdam et al., 2023 for further details). The staging approach formalises the temporal dynamics
of posttraumatic processing, emphasising the need to consider symptoms and functioning over
time. This enables the recognition of clinically relevant subclinical trajectories and the
transition to full-threshold PTSD at an earlier stage. This temporal differentiation aligns with
the demand for high-quality trauma care that proactively anticipates adverse trajectories rather
than merely reacting once chronic PTSD has manifested (see Burback et al., 2024). Despite
accumulating evidence of heterogeneous posttraumatic trajectories depending on contextual
factors and being associated with distinct clinical phenotypes and outcomes, staging approaches
remain largely absent from current international PTSD guidelines. This suggests that staging

approaches’ potential to refine diagnostics and treatment planning has not yet been realised.

7.3.3. Context-sensitive Interventions Across Posttraumatic Trajectories

In light of staging, the categorical classification of PTSD interventions (e.g., prevention
versus acute treatment) should be critically reviewed, as the boundaries between prevention and
treatment are becoming increasingly blurred in terms of the timeline of post-traumatic
processing. Rather than categorising interventions, it would be more appropriate to
reconceptualise post-traumatic care as a continuum of mental health services that can be
adapted to the post-traumatic stages. The initial stage following trauma exposure can be
effectively managed with context-focused interventions (e.g., establishing safety, reducing

ongoing threat and stabilisation). However, persistent or worsening PTSD trajectories more
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strongly indicate the necessity for TFP, including across contexts (see Robjant & Fazel, 2010,
for evidence of the cross-cultural effectiveness of NET). It is important to note that contextual
and mechanism-based dimensions remain clinically relevant throughout the treatment process.
However, their relative importance should vary based on the individual’s context and stage of
post-traumatic adaptation. This emphasis aligns with the broader heterogeneous evidence base,
which does not allow for the formulation of universally valid treatment recommendations.
Consequently, latent risk- and resilience profiles analyses at each stage are imperative, as they
facilitate the differentiation of individuals who are likely to benefit from the intervention from
those for whom it may be ineffective or potentially harmful. This aligns with the fundamental
principles of context-sensitive adaptation, empowering clinicians to predict which patients
should receive which intervention, and the appropriate stage at which treatment should be
initiated, escalated, de-escalated, or switched (cf. Cohen & DeRubeis, 2018; Delgadillo et al.,
2020; Schwartz et al., 2021). In clinical practice, these prognostic principles can be translated
into data-informed decision rules, including algorithmic tools for treatment selection (e.g., Lutz
et al., 2024). To ensure context-sensitivity throughout the care process, it is recommended that
systematic monitoring be implemented (Mallinckrod et al., 2008). The repeated evaluation of
symptoms, functioning, and contextual determinants can be utilised to derive empirical decision
rules and clinical decision-support tools indicating when to continue, intensify, augment, or
change interventions. Emerging research indicates the potential for data-driven algorithms to
be integrated into routine care and psychotherapeutic practice, with the aim of enhancing
treatment allocation to patients (Lutz et al., 2022; Moggia et al., 2024). For instance, in cases
of major depression, a multi-site cluster-randomised trial demonstrated that a computer-
assisted, algorithm-guided stratified care model, whereby patients are matched to low- versus
high-intensity treatment at baseline, can yield clinically meaningful and cost-effective
advantages over traditional stepped care (Delgadillo et al., 2022). However, only a small
proportion of participants in this trial presented with PTSD (2.9%), which limits direct
inferences for PTSD-specific care. In conclusion, there is a paucity of comparable evidence for
comprehensive, staging-informed diagnostic and treatment algorithms in PTSD. Nevertheless,
the present findings suggest that adapting posttraumatic assessment and intervention within

such a context-sensitive framework is a particularly promising direction for future research.
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7.3.4. Context-sensitive Adjuncts Across Posttraumatic Trajectories

As the international guidelines recommend TFP as first-line treatment for PTSD (WHO,
2013; Bisson et al., 2019) in practice, these interventions presuppose a minimally safe and
stable treatment context in which basic needs are met, and ongoing or recurrent threat is
sufficiently contained. Otherwise, exposure to threat may undermine the therapeutic effects (Tol
et al., 2014). Consistent with this rationale, the NET manual emphasises establishing a safe
therapeutic setting and, particularly in disaster and conflict contexts, addressing acute practical
needs before commencing exposure-based trauma processing (Schauer, Neuner, & Elbert,
2011). From this perspective, adjunct interventions should not be conceptualised merely as add-
ons, but as instruments for shaping the therapeutic context in which trauma-focused work can
be delivered more safely and effectively. Accordingly, integrative interventions alongside
primary PTSD treatment constitute a key route for implementing context-sensitivity in routine
care (cf. Billing & Nicholls, 2025). At present, however, the evidence base for adjuvant
approaches remains heterogeneous and is often derived from small trials, limiting the basis for
firm guideline recommendations (Michael et al., 2019; Metcalf et al., 2020). This variability
aligns with Study 3, which suggests that adjuncts may exert their primary benefit less through
incremental symptom reduction and more through process outcomes such as improved
adherence and reduced dropout, thereby strengthening the conditions under which TFP can
unfold sustainably, even when additional symptom gains are modest. Recent developments in
personalised, preference-sensitive adjunct programmes, particularly in exercise-based
interventions, illustrate this potential. Tailored prescriptions may foster self-regulation, self-
responsibility, and sustained engagement with health-related interventions (Almarcha,
Sturmberg, & Balagué, 2024), and flexible formats have been shown to improve feasibility and
uptake in highly vulnerable populations (e.g., older veterans with serious mental illness;
Browne et al., 2025). Applied to trauma care in clinical practice, these findings support the view
that adjuncts (e.g., aerobic exercise) are most likely to be clinically valuable when
collaboratively designed, timed, and dosed in line with an individual’s risk profile and stage of
posttraumatic processing. In summary, the integrated evidence in this dissertation supports the
idea that one size does not fit all, not only for diagnostic and primary treatment decisions, but
also for adjunct interventions. The benefit of these interventions likely depends on contextual
factors such as timing and intensity, thereby highlighting a broader shift from uniform treatment

models towards a more context-sensitive approach to PTSD care.
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7.4. Future Research

Even though the relevance of context-sensitive approaches in the assessment and treatment
of trauma survivors is increasingly recognised, their comprehensive investigation remains in its
infancy. Implementing adaptive, individualised clinical approaches within a coherent
methodological framework is particularly challenging. As clinical practice and clinical research
continue to “operate as a house divided” (Angus et al., 2024, p. 160), the integration of these
two domains becomes essential for accelerating progress in providing context-sensitive care for
trauma survivors in future research. Previous studies have predominantly used conventional
RCT designs, characterised by narrowly defined samples, a limited number of assessment
points (typically pre-, post-, and follow-up) and minimal variation in treatment arms (typically
two to three; Wallace, Frank, & Kraemer, 2013). As outlined in Study 4, the limitations of the
RCT impede its capacity to capture the temporal dynamics of posttraumatic processing and to
examine the impact of multiple contextual moderators in posttraumatic processing. Although
RCTs remain the gold standard in clinical research (e.g., Hariton & Locascio, 2018) and provide
valid evidence for treatment efficacy, their findings are inherently selective (cf. Grossman &
Mackenzie, 2005). Consequently, they cannot determine when, for whom, and under which
contextual conditions specific interventions are most effective. The findings of this dissertation
support the latest research trends, reflecting ongoing advances in research on context-sensitive

psychotherapy for mental disorders, including PTSD.

In order to move forward in the field of research on context-sensitive treatment for trauma
survivors, it is essential to strengthen the diagnostic foundations on which treatment decisions
are based. Therefore, future research should require renewed attention to multidimensional,
etiologically informed models that capture the complex interplay between risk and protective
factors and trauma-related core mechanisms across posttraumatic processing. Greater
conceptual and empirical clarity about these interactions is a prerequisite for deriving valid,
person-specific risk and resilience profiles for PTSD. Building on such profiles, future studies
could move beyond correlational evidence by testing causal assumptions more directly. One
promising strategy is counterfactual validation (cf. Nguyen et al., 2020 for counterfactual
treatment validation), for example by experimentally manipulating hypothesised contextual risk
factors and examining whether these changes produce the predicted effects on clinical
outcomes. However, the feasibility of this approach depends on a robust empirical consensus

regarding which core mechanisms and contextual factors should be prioritised for manipulation.
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At present, such consensus is largely lacking, underscoring the need for further research to

identify and validate key mechanism and context targets in posttraumatic adaptation.

Despite the absence of a robust theoretical consensus, risk- and resilience profiles may
guide treatment allocation or context-sensitive care. However, translating flexible care models,
such as the clinical staging framework proposed by Nijdam et al. (2023), into empirically
testable research designs is challenging. Recent research increasingly indicates marked
heterogeneity in posttraumatic processing and treatment response, challenging conventional
analytic approaches. Accordingly, methodological advances are needed to model mechanism-
context interactions in a way that accommodates heterogeneity while remaining interpretable
and clinically informative. In this context, aggregated data are crucial for establishing the
empirical basis needed to draw valid and generalisable inferences. Meta-analytic approaches,
particularly IPD meta-analyses, offer a powerful pathway for improving the precision and
generalisability of scientific inferences (see Study 1). IPD meta-analyses facilitate
harmonisation of variables across studies, enable assessment of variance, facilitate examination
of moderators at the participant level, and derive more valid estimates of effects than
conventional aggregate-level meta-analyses, especially when primary studies are small,
heterogeneous, or inconsistent in design (Wallace, Frank, & Kraemer, 2013). Study I provides
concrete evidence of the added value of IPD approaches in the analogue trauma field. Compared
with aggregate-level meta-analyses, the IPD re-analysis revealed a more nuanced pattern,
showing that post-trauma sleep does not predict the occurrence (vs. non-occurrence) of
intrusive memories per se, but rather the frequency of intrusions among those who experience
them. It is evident that this level of detail cannot be obtained from aggregated data meta-analysis
(Cooper & Patall, 2009). Conventional meta-analyses collapse across individual-level
variability, thereby obscuring distributional properties that are crucial for mechanistic
interpretation. This example demonstrates how high-quality evidence synthesis can advance the
field beyond the contributions of individual studies, enhance reproducibility, and shed light on
the role of contextual variables in posttraumatic processing. On a broader level, these findings
underscore the potential of IPD meta-analytic methods to address key limitations of selective
RCTs and aggregate data meta-analyses (Cooper & Patall, 2009) by providing more precise and
generalisable estimates of risk and resilience factors and their associations with treatment
response. Such evidence can inform the development of context-sensitive interventions by
clarifying for whom and under which contextual conditions specific treatments are most

effective. In future, coordinated multi-site data pooling and sustainable open-science
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infrastructures should be supported and expanded to enable ongoing quantitative evidence
synthesis. However, although IPD meta-analyses improve risk profile construction and
treatment adaptation, thereby increasing precision and power, they remain inherently
retrospective. Therefore, they are unable to model the real-time adaptive decision-making

required for context-sensitive care as risks and contexts evolve.

Consequently, a range of methodological approaches is required to facilitate context-
sensitive care in real time. Precision-focused frameworks that continuously monitor symptoms,
functioning, risk and resilience factors, and contextual conditions, and which feed this
information back into treatment planning, are central to contemporary models of personalised
mental health care (Leichsenring & Rabung, 2008, 2011; Lutz, Deisenhofer et al., 2022;
Schwartz et al., 2021). Empirical evidence indicates that routine monitoring can facilitate the
timely identification of non-response and treatment-disrupting processes, thereby guiding the
adaptation of treatment components (McAleavey et al., 2024). This underscores the efficacy of
routine outcome monitoring as a pragmatic foundation for context-sensitive decision-making
in routine clinical practice (see Lutz et al., 2022). Looking ahead, research in precision-
psychotherapy may benefit from extending the classical RCT toward nested-precision RCTs
(Kappelmann et al., 2021), which combine standard randomisation with algorithm-informed
treatment allocation. In nested-precision RCTs, participants are initially randomised to broad
treatment arms, while subsequent treatment decisions are guided by predictive algorithms based
on patient characteristics and interim outcomes. This approach enables a direct empirical test
of whether personalised allocation yields superior outcomes compared with continued random
assignment, thereby providing a rigorous pathway to validate precision-based decision rules
under controlled conditions. Furthermore, the leapfrog trial (Blackwell et al., 2019) is a
simplified Bayesian adaptive platform design developed for clinical psychological intervention
research. Using prespecified interim analyses, it can drop poorly performing arms and add
promising new arms while the trial is ongoing, improving efficiency relative to running multiple
stand-alone RCTs (Blackwell et al., 2023). In the field of trauma research, the leapfrog trial
could be used to examine a broader range of interventions (including adjuncts) and moderators,
given that heterogeneity is explicitly incorporated via stratification variables and decision rules
(Blackwell, 2024). More broadly, the adaptive platform trials (APTs) are prospective trials
conducted under a master (platform) protocol that can evaluate multiple interventions for a
condition within one ongoing framework. Unlike traditional fixed designs, they use

prespecified adaptive rules that update trial operations based on accumulating data (Adaptive
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Platform Trials Coalition, 2019; Noor et al., 2020). Recent psychotherapy and mental health
research argues that platform trials can accelerate evidence generation and calls for closer
integration with advanced analytic methods (Gold et al., 2022) When combined with machine
learning, repeatedly collected patient data may help model links between risk patterns, context,
and symptom trajectories (e.g., Delgadillo & Gonzalez Salas Duhne, 2020). This in turn can

inform allocation algorithms or adaptive decision rules (Bzdok & Meyer-Lindenberg, 2018)

Ultimately, the future of context-sensitive posttraumatic research in diagnostics and
treatment does not lie in the further generalisation of specific interventions. Rather, it lies in the
empirical validation and continuous optimisation of clinical decision architectures. This
involves developing adaptive, mechanism-informed systems (cf. Gébmez Penedo et al., 2023)
that match individuals to the right intervention at the right time under the right contextual
conditions. Such developments are essential for realising a learning trauma-care system in
which clinical practice and clinical research are no longer “a house divided” (Angus et al., 2024,
p. 160) but mutually reinforcing components of a dynamic, personalised mental health
ecosystem (Lutz & Deisenhofer, 2022). To move PTSD research beyond one-size-fits-all
treatment models, APTs offer a pragmatic vehicle to operationalise this dissertation’s context-
sensitive framework and to examine profile- and stage-informed interventions. Accordingly,

they should be prioritised in future research on trauma survivors’ mental health.

7.5. Conclusion

This dissertation examined approaches to the assessment, prevention and treatment of
PTSD from the integrative perspective of context-sensitive psychological care for trauma

Survivors.

Although established assessment and treatment procedures are supported by a solid
evidence base, posttraumatic trajectories, symptom experience and its expression and
communication, as well as treatment response, remain highly heterogeneous. As a result, there
is a need for optimization, which is also underscored by the studies’ findings in the dissertation.
Specifically, the studies show that integrative approaches that combine mechanism-based and
contextual factors are needed at every stage after the trauma. Study I showed that sleep after
analogue trauma exposure reduced the frequency of intrusive memories to a small to moderate
extent compared to wakefulness but did not reduce the likelihood of intrusions or their distress.

This suggests a limited, consolidation-related preventive effect that is also context-dependent
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and can only be cautiously transferred to clinical populations. Study 2 showed that the PCL-5
exhibits very high reliability and largely comparable latent factor structure across German- and
Arabic-speaking subsamples but does not achieve scalar invariance. It can therefore be assumed
that individual items are answered differently depending on the context, so that sum scores
between the subsamples are not fully comparable without taking the context into account.
Studies 3 and 4 show that NET was associated with significant symptom improvement in
traumatised refugees with PTSD and depressive symptoms, while additional MAET showed no
adjunct effects across primary outcomes. However, evidence suggests that the adjunct could
support the implementation of NET (e.g., lower dropout rate) and that context-dependent effects
influence the effect (e.g., moderation by residence status). Overall, this underscores that both
treatment effects and potential additional benefits of adjuncts arise under structural contextual
conditions, which reinforces a context-sensitive treatment approach. Overall, the results
highlight the importance of contextual sensitivity (e.g., linguistic, cultural, etc.) in PTSD
assessment in order to reduce bias in epidemiological research and in the clinical decision-
making that follows. Thereby context sensitivity does not mean replacing the gold-standard but
rather applying and interpreting it in such a way that variance in, for example, living conditions,
culture, resources, and expressions of psychological distress are appropriately taken into
account. The present dissertation lays the groundwork for a more precise, context-sensitive
trauma care approach that bridges research and clinical practice by translating monitoring of
risk-profiles from adaptive (multi-arm) research designs into routine clinical decision-making.
In clinical settings, a staging framework can serve as the practical analogue of such monitoring,
supporting adaptive and individualised treatment decisions that, in Osler’s words, “treat the

patient who has the disease”.
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Appendices

Appendix A. Supplementary Materials for Study 1

A1 Differences From the Protocol of the Review (OSF identifier: 10.17605/0SF.10/4DH2V)

Table A1l

Changes From Protocol to Final Review

Protocol

Final review

Review design

no changes

Review question

What are the effects of post-trauma
sleep versus wakefulness on the
frequency of intrusive memories after
analog trauma? Is sleep versus
wakefulness also related to intrusion-
related distress?

Additional focus on the effects of
post-trauma sleep on implicit and
explicit trauma memory and
associations of intrusion
frequency/distress with sleep

physiology

Eligibility criteria no changes
Search strategy no changes
Data Extraction no changes
Risk of bias no changes
Certainty of evidence no changes

Qualitative synthesis

Qualitative synthesis on study
populations, experimental
manipulations and measurement of
intrusion frequency and intrusion
distress

As specified in the protocol plus
synthesis on effects of post-
trauma sleep on explicit and
implicit trauma memory and
summary of evidence for
physiological correlates of
intrusive memories

Meta-Analysis on aggregated
data

no changes

Individual participant data

Intrusion-related distress will be
defined as quotient (i.e., intrusion-
related distress = total score of
reported distress / frequency of
intrusions).

For the final review, we divided
the severity of reported distress
levels by the number of
intrusions, whose result was
further divided by the range of
distress assessment (i.e., intrusion
distress = [total score of reported
distress / frequency of intrusions]
/ range of distress assessment).

—> This has been done to facilitate
between-study comparisons and
had no impact on our results.

Analysis of subgroups and
subsets

Potential moderators: [...] nap design
vs. whole night design, home-based
vs. lab-based studies

Due to a small number of studies
moderator analyses on categorical
variables could not be performed.
Moreover, we examined the
number of follow-up assessments
as moderator, which has not been
specified in the protocol.
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Table A1 (continued.)

Protocol Final review
Assessment of heterogeneity Forest plots (95% CIs), I, Cochran’s ~ We additionally used 95%
Q statistic, prediction intervals as indicator of
heterogeneity.
Assessment of Not specified Visual inspection of (contour-

publication bias

enhanced) funnel plots and visual
inspection of funnel plots and
rank correlation tests (Kendall's T)
to examine their symmetry (Egger
et al., 1997)

Sensitivity analyses

no changes

A2 Search Strategy

1. EBSCOhost

# Component

Query

#1 AND #2 AND #3

3 analog

TI ( film OR clip OR movie OR video OR "picture stor*" OR "photo stor*" OR
"analogue" OR "analog" ) OR AB ( film OR clip OR movie OR video OR "picture
stor*" OR "photo stor*" OR "analogue" OR "analog" ) OR SU ( film OR clip OR
movie OR video OR "picture stor*" OR "photo stor*" OR "analogue" OR "analog" )

2 trauma

TI (intrusi* OR trauma* OR PTSD OR "post-traumatic stress" OR "post traumatic
stress" OR "posttraumatic stress" OR "posttraumatic stress disorder" ) OR AB ( intrusi*
OR trauma* OR PTSD OR "post-traumatic stress" OR "post traumatic stress" OR
"posttraumatic stress" OR "posttraumatic stress disorder" ) OR SU ( intrusi* OR
trauma* OR PTSD OR "post-traumatic stress" OR "post traumatic stress" OR
"posttraumatic stress" OR "posttraumatic stress disorder" )

1 sleep

TI sleep OR AB sleep OR SU sleep

Results (2022/05/16)

79

2. PTSDPubs

# Component

Query

#1 AND #2 AND #3

3 analog

ti(film OR clip OR movie OR video OR ,,picture stor*“OR ,,photo stor*“ OR
»analogue® OR ,,analog®) OR ab(film OR clip OR movie OR video OR ,,picture
stor*“OR ,,photo stor** OR ,,analogue* OR ,,analog®) OR su(film OR clip OR movie
OR video OR , picture stor*“OR , photo stor** OR ,,analogue” OR ,,analog")

2 trauma

ti(intrusi* OR trauma* OR PTSD OR ,,post-traumatic stress* OR , post traumatic
stress* OR ,,posttraumatic stress* OR ,,posttraumatic stress disorder”) OR ab(intrusi*
OR trauma* OR PTSD OR ,,post-traumatic stress* OR ,,post traumatic stress* OR
posttraumatic stress® OR ,,posttraumatic stress disorder*) OR su(intrusi* OR trauma*
OR PTSD OR ,,post-traumatic stress* OR ,,post traumatic stress* OR ,,posttraumatic
stress™ OR ,,posttraumatic stress disorder*)

1 sleep

ti(sleep) OR ab(sleep) OR su(sleep)

Results (2022/05/16)

28
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3. PubMed

# Component Query

#1 AND #2 AND #3

(C(C(C(((((film[Title/Abstract]) OR (clip[Title/Abstract])) OR (movie[ Title/Abstract]))
OR (video[Title/Abstract])) OR ("picture stor*"[Title/Abstract])) OR ("photo
stor*"[Title/Abstract]) OR (film[Other Term])) OR (clip[Other Term])) OR
(movie[Other Term])) OR (video[Other Term])) OR ("picture stor*"[Other Term])) OR
("photo stor*"[Other Term]) "analogue"[Title/Abstract]) OR (analog[Title/Abstract])
OR (analogue[Other Term]) OR (analog[Other Term])
(((((((((((intrusi*[Title/Abstract]) OR (trauma*[Title/Abstract])) OR
(PTSD[Title/Abstract])) OR ("posttraumatic stress"[Title/Abstract])) OR ("post-
traumatic stress"[Title/Abstract])) OR ("post traumatic stress"[Title/Abstract])) OR
2 trauma (ptsd[MeSH Terms])) OR (posttraumatic stress disorderfMeSH Terms])) OR
(intrusi*[Other Term])) OR (trauma*[Other Term])) OR (ptsd[Other Term])) OR
("posttraumatic stress"[Other Term])) OR ("post-traumatic stress"[Other Term])) OR
("post traumatic stress"[Other Term])

| sleep ((sleep[Title/Abstract]) OR (sleep[Other Term])) OR (sleep[MeSH Terms])
Results (2022/05/16) 35

3 analog

4. Scopus

# Component Query

#1 AND #2 AND #3
(TITLE-ABS-KEY ("film" OR "clip" OR "movie" OR "video" OR "picture

3 analog stor*" OR "photo stor*" OR "analogue" OR "analog"))
(TITLE-ABS-KEY ("intrusi*" OR "trauma*" OR "ptsd" OR "post-traumatic

2 trauma stress" OR "post traumatic stress" OR "posttraumatic stress" OR "posttraumatic
stress disorder™))

1 sleep (TITLE-ABS-KEY ("sleep" ))

Results (2022/05/16) 308

5. Web of Science

Component Query

#1 AND #2 AND #3
film OR clip OR movie OR video OR "picture stor*" OR "photo stor*" OR "analogue"

3 analog OR "analog”(Topic)

) trauma intrusi* OR trauma* OR PTSD OR "post-traumatic stress" OR "post traumatic stress"
OR "posttraumatic stress" OR "posttraumatic stress disorder" (Topic)

| sleep Sleep (Topic)

Results (2022/05/16) 174
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A3 Details on Model Selection

All models were examined to fit our data based on residual distributions (i.e., under- and
overdispersion, zero-inflation, normal distribution [Kolmogorov-Smirnov]; Borhan et al., 2020;
Perumean-Chaney et al., 2013). For intrusion frequency as count variable, our analyses started
with a Poisson model, which was checked for overdispersion. Due to overdispersal residuals,
we decided to use zero-inflated negative binominal models, which model the occurrence and
absence of intrusions separately. Specifically, the zero part of the model provides information
on the occurrence of any (vs. no) intrusions, and the count part of the model estimates the
severity of intrusions. In contrast to (negative binominal) hurdle models, zero-inflated negative
binominal models assume that zeros may result from two processes: One specific to the
occurrence of zeros (as assumed in hurdle models) and as the lower end of the severity
distribution (Feng, 2021; Gurmu & Trivedi, 1996). As it is not yet clear what model suits
(analog) PTSD symptoms best (Jaffe et al., 2017; Rehder & Bowen, 2019), we based our model
choice on model fit (Akaike information criterion [AIC], Bayesian information criterion [BIC]),
and residual diagnostics. For intrusion distress as a continuous variable, we started with a
Gaussian distribution and checked residual distributional assumptions. Due to significant zero
inflation, intrusion distress was modeled using a hurdle model for semi-continuous data, which
was found to be superior to similar zero-inflated gamma distribution models. Moreover, all
models allowed for random intercepts per study. The inclusion of random slopes per study was

evaluated based on the change in model fit using a likelihood ratio test (LRT).

A4 The Relationship Between Sleep Physiology and Intrusions

Four studies assessed polysomnography and reported correlation analyses between sleep
physiology and intrusions. Of these studies, one study provided support for a role of slow wave
sleep (SWS) in modulating intrusive memories. Sopp et al. (2021) examined Non-REM sleep
duration, SWS duration, slow wave activity as well as sleep spindles, and found that only SWS
duration (% and min) was significantly and negatively correlated with intrusion frequency.
Another study found support for an involvement of REM sleep. Werner et al. (2021) examined
REM sleep duration and found evidence for a consistent pattern of negative correlations
between REM sleep duration (% and min) and delayed (day 3) intrusion frequency, duration,

and aversiveness. Finally, two studies provided evidence for the involvement of both Non-REM
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and REM sleep. Kleim et al. (2016) examined all sleep stages, sleep spindles, and rapid eye
movements during REM sleep. They found evidence for negative correlations between stage 2
sleep and parietal fast sleep spindles (13—15 Hz) and intrusion frequency. By contrast, they
found that stage 1 sleep, more time spent awake after sleep onset, and rapid eye movements
were positively correlated with intrusion frequency. Wilhelm et al. (2021) examined REM sleep
duration, REM sleep theta activity, slow wave activity, and spindle activity. They found that
REM sleep and slow wave activity were negatively correlated with intrusion distress. REM
theta activity was negatively correlated with intrusion frequency. However, the latter

correlation did not survive correction for multiple comparisons.

AS Details on Effects on Explicit and Implicit Trauma Memory

Our summary the effects of sleep on trauma memory follows the differentiation of explicit and

implicit trauma memory proposed by Kuriyama et al. (2010).

Effects of Sleep on Explicit Trauma Memory.

Two studies investigated the impact of sleep as opposed to sleep deprivation during the
nighttime on explicit trauma memory using a visual recognition memory test. Porcheret et al.
(2019) examined visual recognition memory at day 2 after a night of sleep in both groups using
11 images from the trauma film and 11 new images. Participants were asked to indicate for each
image whether the image had been shown in the trauma film or not. Analyses indicated that
participants of the sleep group recognized significantly more images from the trauma film than
participants from the sleep deprivation group, with no evidence for a difference in correctly
rejected new images. Zeng et al. (2021) conducted an immediate (day 1; morning-after sleep /
sleep deprivation) and delayed (day 8) visual recognition memory test using 60 screenshots
from the trauma film as old stimuli, with half of them containing aversive scenes and the other
half depicting neutral scenes. Sixty new screenshots (30 negative, 30 neutral) were selected
from similar, but unwatched films. Analyses revealed that participants of the sleep group had
better recognition memory than participants of the sleep deprivation group on day 1. These
differences emerged because the sleep group showed a higher rate of correct rejections to new

neutral pictures. No evidence for between-group differences emerged on day 8.
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Two studies investigated the impact of sleep as opposed to wakefulness during the day- or
nighttime on explicit trauma memory using a visual recognition memory test that differentiated
between divergent retrieval processes. That is, studies differentiated between recollection- and
familiarity-based retrieval, which is important since only recollection is linked to episodic
contextually rich memories (Yonelinas, 2002). Sopp et al. (2019) assessed explicit memory of
traumatic picture stories by presenting 30 objects that had been embedded into the picture
stories and 30 new objects. After awakening or sleep deprivation in the second night half,
participants were asked to indicate for each object whether it had been presented in the picture
stories or not. For each object that they identified as ‘old’, they were additionally asked to
indicate whether their recognition judgement was based on remembering details of its previous
presentation (“Remember”) or on a feeling of “knowing” (“Know”). Analyses revealed that
participants of the sleep group showed higher recollection-based recognition memory than
participants of the partial sleep deprivation group. No evidence for a difference emerged for
familiarity-based recognition memory. In a follow-up study, Sopp et al. (2021) investigated
explicit memory for relevant and irrelevant objects that were presented in traumatic picture
stories. Participants were exposed to picture stories that contained 48 relevant and 48 irrelevant
objects, which were supplemented with 96 new items during a recognition test at baseline (after
viewing the picture stories) and after sleep or wakefulness during daytime. Again, recollection
and familiarity-based recognition were differentiated during the test phase. Results revealed
higher recognition memory for relevant objects in the sleep as compared to the wake group.

There was no evidence of a difference for irrelevant objects.

Two studies investigated the impact of (nap) sleep as opposed to wakefulness during the day-
or nighttime on explicit trauma memory using a verbal recognition memory test. Woud et al.
(2018) used seven questions about aspects of the film to assess explicit memory of the trauma
film seven days post-sleep intervention. Each question was followed by two answers and
participants had to choose one. Analyses did not reveal any significant differences between the
nap and wake group. Porcheret et al. (2019) asked participants to perform a verbal explicit
memory task, which required them to rate if 32 written statements relating to the trauma film
were true or false. The test took place on day 2 after a night of sleep in both groups. No

differences were evident between the sleep and sleep deprivation group.
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Effects of Sleep on Implicit Trauma Memory.

One study investigated the impact of sleep as opposed to partial sleep deprivation on implicit
trauma memory, assessed in terms of processing fluency. Prior to conducting the explicit
memory test described above, Sopp et al. (2019) presented half of the objects from the traumatic
picture stories and 20 distractor objects in a blurred picture identification task. Participants were
asked to label the blurred objects as soon as they recognized them. No evidence for a between-

group difference emerged.

Four studies investigated the impact of (nap) sleep as opposed to wakefulness on implicit
trauma memory, assessed in terms of fear ratings. Porcheret et al. (2019) measured fearfulness
on a visual analog scale for images from the trauma film and for neutral pictures of similar
content that were not used in the recognition task. Participants gave their ratings immediately
before the trauma film, after the trauma film, and on day 2 after a night of sleep in both groups.
No evidence for reliable differences emerged between groups. During the recognition memory
test in the study by Zeng et al. (2021), participants were additionally asked to provide a fear
rating for each old and new image. Analyses revealed a decline in fear ratings over time in the
wake group, but not in the sleep group. However, no evidence for group differences was found
neither at immediate nor at delayed test and the decline of fear ratings over time in the wake
group was driven by heightened fear ratings in the sleep deprivation group in the immediate
test. In the study of Werner et al. (2021), 20 aversive and 20 neutral pictures were rated prior to
sleep (i.e., no REM sleep, REM awakening, REM sleep), immediately after (+ 15 min), and
after a longer delay (+ 1 hour). Aversiveness was rated on a visual analog scale. There was no
evidence for reliable between-group differences. Finally, Wilhelm et al. (2021) used 11 pictures
from the trauma film to assess emotional responses 8 days after exposure to the traumatic
material. Before and after viewing aversive pictures, subjective mood and arousal were
measured by two visual analog scales as well as current affective state using a questionnaire.
Analyses revealed that mood generally decreased across presentation and that this effect was
less pronounced in the nap group as compared to the wake group. There was no evidence for

other between-group differences.
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A6 Certainty of Evidence Domains and Justifying Downgrading or Upgrading

Intrusion frequency

Intrusion distress

Reasons for

Reasons for

Domains Decision downgrading/upgrading Decision downgrading/upgrading
certainty of evidence certainty of evidence
Risk of bi . . . .
(clljec(l)(lis‘zas Downgraded for the inclusion of Downgraded for the inclusion of
non-randomized studies. non-randomized studies.
based on \2 . . \! . .
. However, high experimental However, high experimental
previous . . . .
control in all studies. control in all studies.
research)
Not d ded due to |
© owngra © . uf.: .O ow Not downgraded due to low
proportion of variability related . o
. proportion of variability related to
. to true heterogeneity rather than i
Inconsistency - . 2 - true heterogeneity rather than
chance as indicated by I = . 2
. chance as indicated by I = 0.94%
9.95% and an insignificant Q Lo .
L and an insignificant Q statistic.
statistic.
. Not jori
. Not downgraded as all studies 0. downgradeq as the majority
Indirectness - . . - of included studies addressed the
addressed the review question. . .
review question.
Not downgraded as n > 500 and Downgraded as fewer than 400
the calculation of optimal participants in the meta-analysis
information size (o = .05, f = (n =348/329). Moreover,
Imprecision - .90, SMD = .31) resulted in a W) insufficient power based on
total sample size of 454 optimal information size (a = .05,
participants (compared to n = £ =.90, SMD = .20) to detect an at
531/479 in our analyses). least small effect.
Intrusion frequency Intrusion distress
Reasons for Reasons for
Domains Decision downgrading/upgrading Decision downgrading/upgrading
certainty of evidence certainty of evidence
Not downgraded as the Not downgraded as the
Publication explora}tory 1nspe<.:t10n of funnel explora}tory 1nspe<.:t10n of fur.mel
bias — plots did not provide any — plots did not provide any evidence
evidence for the presence of a for the presence of a substantial
substantial publication bias. publication bias.
Overall ®d00 ®0O00O
rating Moderat Very low

Note. Certainty of evidence ratings based on GRADE (Grading of Recommendations, Assessment, Development
and Evaluations; Schiinemann et al., 2019). Criteria for upgrading of certainty were not applicable.

\2 Downgrading of certainty

- No downgrading of certainty
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Appendix B. Supplementary Materials for Study 2

B1 Table B1

Item Mapping of Common PTSD Models

PTSD symptoms

Items of the PCL-5

AW N =

8

9

10
11
12
13
14
15
16

17
18

19

20

Intrusive memories

Disturbing dreams

Flashbacks

Cued emotional
distress

Cued strong
physiological
responses

Avoidance of
memories, thoughts,
or feelings

Avoidance of external
reminders

Selective memory
impairment

Negative beliefs

Blaming

Negative emotions

Loss of interest

Social withdrawal

Difficulty experiencing
positive emotions

Irritability or
aggression

Risky or self-
destructive behaviors

Hypervigilance

Increased startle
response

Concentration
problems

Sleep disturbances

DSM-5 Dysphoria ~ Dysphoric ~ Anhedonia  Externalizing = Hybrid
model model arousal model behavior model
model model
Four Four Five factors  Six factors Six factors Seven
factors factors factors
R R R R R R
R R R R R R
R R R R R R
R R R R R R
R R R R R R
AV AV AV AV AV AV
AV AV AV AV AV AV
NACM D NACM NA N NA
NACM D NACM NA N NA
NACM D NACM NA N NA
NACM D NACM NA N NA
NACM D NACM AN N AN
NACM D NACM AN N AN
NACM D NACM AN N AN
AAR D DA DA EB EB
AAR AAR DA DA EB EB
AAR AAR AA AA AA AA
AAR AAR AA AA AA AA
AAR D DA DA DA DA
AAR D DA DA DA DA

Note. AAR: alterations in arousal and reactivity; AA: anxious arousal; AN: anhedonia; AV: avoidance; D:
dysphoria; DA: dysphoric arousal; EB: externalizing behavior; N: numbing; NA: negative affect; NACM: negative
alterations in cognitions and mood; R: re-experiencing.
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B2 Table B2

Overview of Exposure to Traumatic Life Events: Frequency and Distribution

German subsample

Arabic subsample

Total sample

n=494
Count % Count % Count %
Traumatic life event! 818 32.62 1683 67.38 2508 -
Natural disaster 44 5.38 73 4.34 117 4.67
Fire or explosion 41 5.01 176 10.46 217 8.65
Transport accident 118 14.43 153 9.09 271 10.81
Serious accident at work or home, or during a recreational activity 56 6.85 109 6.48 165 6.58
Exposure to a toxic substance 11 1.34 43 2.55 54 2.15
Physical assault 88 10.76 139 8.26 227 9.05
Assault with a weapon 32 391 147 8.73 179 7.14
Sexual assault 28 3.42 27 1.60 55 2.19
Other unwanted or uncomfortable sexual experience 81 9.90 31 1.84 112 4.47
Combat or exposure to a war zone 0.49 174 10.34 178 7.10
Captivity (e.g., being kidnapped, abducted, held hostage, held as a 0.24 93 553 95 3.79
prisoner of war)
Life-threatening illness or injury 108 13.20 72 4.28 180 7.18
Severe human suffering 83 10.15 154 9.15 237 9.45
Sudden violent death (e.g., homicide, suicide) 18 2.20 68 4.04 86 3.43
Sudden accidental death 17 2.08 77 4.58 94 3.75
Serious injury, harm, or death you caused to someone else 7 0.86 39 2.32 46 1.83
Any other highly stressful event or experience 80 9.78 108 6.42 195 7.78
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Table B2 (continued.)

German subsample

Arabic subsample

Total sample

n=233 n=261 n=49%
Cumulative number of trauma types Count A Count % Count %
One trauma type 49 21.03 20 7.66 69 13.97
Two trauma types 48 20.60 22 8.43 70 14.17
More than two trauma types 136 58.37 219 83.91 355 71.86

Note. 'Traumatic events experienced or witnessed, according to the LEC-5.



B3 Participant Informed Consent Form, English Version

Participants’ Declaration of Consent

Study on the cross-cultural validation of a questionnaire on post-traumatic stress disorder

Dear Participants,

we appreciate your participation in this study, which is being conducted by the Division of
Clinical Psychology and Psychotherapy at Saarland University (chair: Prof. Dr. Tanja Michael)
and the Department of Medical Psychology and Medical Sociology at the University of Leipzig
(chair: Prof. Dr. Anja Mehnert-Theuerkauf). The objective of this study is to assess the validity
of the Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5; Weathers et al., 2013). The
following survey includes questions about personal information, gender, age, country of origin,
family and educational background, migration/refugee status, as well as specific questions
about your psychological well-being. The questions about your psychological well-being are

taken from established questionnaires.

---- At this point, the participants were given detailed information about the background of the study----

(detailed version on request to charina.lueder@unisaarland.de)

Your participation in this (online) survey is voluntary. By giving your consent, you are not
entering into any obligations. Your participation is free of charge. You can withdraw from the
survey at any time without giving reasons and without any disadvantages. However, we would
like to point out that data analyses will only be conducted on fully completed questionnaires.
All personal information will be kept strictly confidential. The data collected will be processed
and published in an anonymized form, ensuring that no conclusions can be drawn about the
subject's identity. The data will be used for research purposes only. The study has been
submitted and approved by the Ethics Committee of Saarland University. The objectives,
planning, proposed practical implementation, safety measures and clarification fully meet the

requirements for such a project.
Declaration of Consent
To consent to voluntary participation in the study, please check the following two statements:

o I hereby confirm that I have carefully read and understood the preceding information,

including the subject information and the declaration on the handling of collected data. I

240



am aware of the aim, procedure, and conduct of the study. I was given time to reconsider
my participation, and I am aware that I can ask further questions at any time. I understand
that I can withdraw at any time or refuse to answer any question without giving a reason
and without consequences of any kind.

o Thereby agree to voluntarily participate in the study on the cross-cultural validation of the

PCL-5.

If you have any questions, do not hesitate to contact charina.lueder@uni-saarland.de.
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Appendix C. Supplementary Materials for Study 3

C1 Psychological Assessment

Posttraumatic Stress Disorder
PTSD Checklist for DSM-5

The PCL-5 is a 20 item self-report questionnaire assessing the 20 DSM-5 PTSD criteria on a
five-point Likert scale ranging from 'not at all' to 'extremely'. A score higher than 33 is indicative
of probable PTSD (Blevins et al., 2015; Kriiger-Gottschalk et al., 2017; Nesterko et al., 2020).
Previous studies in refugee samples reported Cronbach's a from a = .93 - .97 for different
language versions (Ibrahim et al., 2018a, Nesterko et al., 2020). The questionnaire serves to

screen for inclusion criteria and precedes the detailed assessment of PTSD symptoms.
Clinician-Administered PTSD Scale

PTSD symptom severity is assessed with the Clinician-Administered PTSD Scale for DSM-V
(CAPS; Weathers et al., 2013a). The CAPS is a structured interview, which is the gold standard
in the diagnosis of PTSD. The German version of the CAPS, which is translated by Interpreters

during the interview, shows sound psychometric properties (Miiller-Engelmann et al., 2020).
War and Adversity Exposure Checklist

Experienced traumatic events are examined using the War and Adversity Exposure Checklist
(WAEC:; Ibrahim et al., 2018b), which consists of 26 items assessing different traumatic events.
The WAEC combines items from various instruments that examine traumatic events such as the
Life Events Checklist for DSM-5 (Weathers et al., 2013b) and the War Exposure Scale (Ibrahim
et al., 2018b). The WAEC shows good internal consistency (Cronbach's ¢ = .88) (Ibrahim et
al., 2019).

Depression
Hopkins Symptom Checklist-25

The HSCL-25 (based on Derogatis et al., 1974) is a 25 item self-report questionnaire assessing
depression (15 items) and anxiety (10 items) on two subscales. Each item is answered on a four-
point Likert scale ranging from 'not at all' to 'extremely'. A subscore for depression, anxiety, and

a total score (measuring general psychological distress due to anxiety and depression
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symptoms) can be determined. Both subscales and the total score show good internal
consistencies with Cronbach's a = .84 - .94 (Glaesmer et al., 2014). The HSCL-25 has already
been successfully implemented in a sample of refugees (Lavik et al., 1999) and asylum seekers

(Jakobsen et al., 2011).
Hamilton Depression Scale

The HAM-D (Hamilton, 1960; 1967) is the most widely used clinician administered depression
assessment scale, that is cross-culturally validated (Vindbjerg et al., 2019). The HAM-D has
been used to examine depressive symptoms in refugees (e.g., Stenmark et al., 2013). The main
part of the clinical interview consists of 17 items. Four further items have been added to the
interview to assess subtype of depression. The assessment of mild depressive symptoms leads

to inclusion.
General Mental Distress
Brief Symptom Checklist

General mental distress is measured using the Brief Symptom Checklist (BSCL; Franke, 2017),
the German version of the Brief Symptom Inventory (BSI; Derogatis & Melisaratos, 1983;
Derogatis, 1993). The BSCL is a self-report questionnaire comprising 53 items on nine
subscales (hostility/aggression, anxiety, depression, paranoia, phobic anxiety, psychotecism,
somatisation, interpersonal sensitivity, and compulsivity). The global severity index shows
Cronbach's a = .97 with the reliability of the subscales ranging from Cronbach's a = .72 for

hostility and phobic anxiety to Cronbach's a = .88 for depression (Franke et al., 2019).
Structured Clinical Interview for DSM-5 Clinician Version

The Structured Clinical Interview for DSM-5 Clinician Version (SCID-5-CV; First et al., 2016)
is conducted to assess further comorbid psychological disorders in a semi-structured interview
at TO. The SCID-5-CV's reliability varies depending on study design, rate of disorders and study
sample. A reliability of at least .70 can be assumed (First et al., 2016). Symptoms of PTSD and
depression, which are already explored by CAPS, WAEC and HAM-D, are not assessed with
the SCID-5-CV.

Agoraphobia and Somatoform Complaints

Questionnaire on Body-Related Anxieties, Cognitions and Avoidance
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Agoraphobic symptoms and somatoform complaints are assessed with the Questionnaire on
Body-Related Anxieties, Cognitions and Avoidance (Fragebogen zu korperbezogenen Angsten,
Kognitionen und Vermeidung AKV; Ehlers et al., 2001), a self-report measure, which is a
compilation of the Body Sensations Questionnaire (BSQ; Chambless et al., 1984), the
Agoraphobic Cognitions Questionnaire (ACQ; Chambless et al., 1984) and the Mobility
Inventory (MI; Chambless et al., 1985). The ACQ consists of 14 items and measures
dysfunctional cognitions in relation to potential catastrophic consequences arising from panic
or anxiety on two subscales: loss of control and physical concerns. The BSQ comprises 17 items
on a five-point scale from 1 = 'not at all' to 5 = 'extremely'. The MI assesses self-reported
agoraphobic avoidance behavior in 27 situations. The internal consistencies of the subscales
vary from sufficient reliability of Cronbach's a = .78 (ACQ) to Cronbach's a = .88 and very
good reliability Cronbach's o = .94 (MI, avoidance behavior alone) (Geue et al., 2016).

Sleep Quality
Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) is a self-report measure
assessing sleep quality and sleep disturbances over the past month. It consists of 19 items
assessing sleep quality, sleep latency, sleep duration, sleep efficiency and sleep disturbances,
medication intake for sleep, and daytime sleepiness. A total score of 5 or higher indicates low
sleep quality (Buysse et al., 1989). Satisfactory reliability (Cronbach's o= 0.65) has been shown
for the arabic version of the PSQI (Suleiman et al., 2010)

C2 Medical Assessment

Resting Electrocardiogram

The 12-lead resting Electrocardiogram (ECGQG) is part of the medical diagnostics and performed
to screen for cardiac disease. It is performed at TO, T1 and T2. During the resting ECG
participants are asked to lay down quietly for 5 minutes in ambient conditions. Resting heart

rate is derived from ECG recordings.
Spiroergometry

Spiroergometry is used to determine the eligibility for participation and performed at TO, T1

and T2 to further assess the training effect during MAET. Spiroergometry is carried out on the
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bicycle (Lode Excalibur Sport, Lode Medical Technology, Groningen, Netherlands) using a
step-wise protocol to determine maximum aerobic capacity. Individual seat and handlebar
position is maintained throughout. Depending on age, gender, and body weight, participants
started cycling at 25 W or 50 W and workload was increased every 3 min by 25 W or 50 W
until exhaustion. Gas exchange parameters are measured continuously with a MetaMax Il
metabolic test system (Cortex Biophysik, Leipzig, Germany; mixing chamber; sampling
frequency 10 s). Time courses of oxygen consumption (VO2) and respiratory minute ventilation
(VE) were calculated using the mean of 3 contiguous values at exhaustion for the determination
of maximal oxygen consumption. Based on an untrained sample of refugees, exercising to
maximum exhaustion cannot always be assumed. Thus, in addition blood lactate concentrations
are measured for the determination of lactate thresholds, which represent submaximal aerobic
performance parameters that are independent of maximal exhaustion. Arterialized capillary
blood is obtained from the hyperemised earlobe for analyzing blood lactate (BLa; enzymatic-
amperometric method, Greiner, Flacht, Germany) at rest, at the end of each step, at cessation
and 1, 3, and 5 min post-exercise. Blood pressure is measured manually at rest, at the end of

each step, and 1, 3, 5 min post-exercise.
Stress Electrocardiogram

The 12-lead stress ECG is recorded during spiroergometry at TO, T1 and T2. Maximum heart
rate is derived from ECG recordings. Based on the resting heart rate and the maximal heart rate
during incremental exercise to voluntary exhaustion, the individual heart rate zones for MAET

(60% heart rate reserve (+/- 5 bpm)) are determined.
Blood Parameters

A Complete Blood Count (CBC) by obtaining venous blood samples from the antecubital vein
(following the general medical examination and prior to spiroergometry at TO) gives an
overview of possible impairments that may lead to exclusion (see Participants and eligibility

criteria)
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C3 Participants’ Declaration of Consent

Divison of Clinical Psychology and Psychotherapy
Department of Psychology

Saarland University ‘
Building A1.3

66123 Saarbriicken, Germany ' v

Mail: charina.lueder@uni-saarland.de
Mobil: 0681 302 71021

Participants’ Declaration of Consent

Study on Moderate-intensity Aerobic Exercise Training as an Adjunct to Narrative Exposure
Therapy in Traumatized Refugees and Asylum Seekers

Study objectives and planned measures

Dear participants, the Department of Clinical Psychology and Psychotherapy at Saarland University (Chair
Prof. Dr. Tanja Michael) is conducting a trial on the psychotherapeutic treatment of traumatized refugees
in collaboration with the Institute of Sports and Preventive Medicine (Chair Prof. Dr. Tim Meyer). We
would like to invite you to participate in the study and support our research.

Prior to your participation in the study, you will be asked to respond to screening questionnaires
concerning personal information, general mental health symptoms, and psychological distress.

If you are experiencing psychological distress based on the screening questionnaires, you will be invited to
participate in a clinical interview, followed by psychological diagnostic sessions (conducted at the
Psychotherapeutic Outpatient Clinic of Saarland University) and medical diagnostic sessions (held at the
Institute of Sports and Preventive Medicine at Saarland University).

Psychological assessment involves the diagnostic evaluation of posttraumatic stress disorder symptoms,
depressive symptoms, and general psychopathology.

Medical assessment will evaluate your physical suitability for the study. We will assess your medical
history, resting and stress Electrocardiogram (ECG), spiroergometry, and complete blood count (CBC).
Throughout the entire diagnostic process, a qualified professional will be present. Should you have any
inquiries, concerns, or experience any discomfort, please feel free to approach them.

After successfully completion of the initial diagnostic sessions and meeting the inclusion criteria, you will
receive a sealed envelope for randomized group assignment.

If the randomization indicates that you are in the NET-group, you will receive 10 weekly sessions of 100
minutes Narrative exposure therapy (NET), with a total estimated duration ranging from 10 to 15 weeks,
starting after the initial psychological and medical assessment.

If you are randomly assigned to the NET*-group, you are additionally required to participate in three
weekly outdoor sessions of moderate-intensity aerobic endurance training (MAET). These sessions consist
of 45 minutes of running at 60% of your heart rate reserve, including one supervised MAET group session
and two unsupervised exercise sessions per week. The location and timing of the unsupervised MAET
sessions are flexible and can be chosen freely. During the MAET sessions, you are required to wear a
mobile heart rate monitor and a compatible heart rate belt. This setup serves to monitor and record
physical parameters and characteristics of the running route. The MAET will take place close to your place
of residence.

NET takes place at the Psychotherapeutic Outpatient Clinic of Saarland University. In order to ensure
treatment fidelity, NET sessions will be audio recorded. Psychological assessment and psychotherapy are
conducted with the help of interpreters who are fluent in the participants’ native speech and in German.

Psychological and medical assessment will be repeated following the completion of therapy and at the six-
month follow-up.
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Overview of the treatment

Diagnostics

Check for Eligibility Therapy post therapy

(immediatly,
6 month follow-up)

s N ( \ N

NET-group (10 sessions)

Psychological Psychological
diagnostic Narrative exposure therapy diagnostic
weekly, 100 min
Questionnaires and \_ _J Questionnaires and
Interviews on mental Interviews on mental
health and [ \ health and
psychological distress psychological distress
NET+-group (10 sessions)

Narrative exposure therapy

Medical diagnostic
weekly, 100 min

Medical diagnostic

Medical history, CBC, Mod . . bi se Traini Medical history, CBC,
rest and stress ECG, oderate-intensity aerobic exercise Training rest and stress ECG,

spiroergometry 1x weekly 45 min supervised group training spiroergometry
2x weekly 45 min unsupervised training

. VAN AN J

Risks:

The study is conducted under the guidance of trained personnel. As with any psychotherapeutic
intervention, there is a possibility of a temporary increase in psychological symptoms while processing
stressful life events during therapy sessions. However, research supports the efficacy of this therapeutic
approach, with numerous studies demonstrating significant long-term improvement in symptoms.
Regarding the physical stress encountered in the running group, the intensity is adapted to individual
participants. Although short-term occurrences of sore muscles or similar effects may arise, these are
harmless. A qualified professional will be readily available to address any concerns throughout the study.

Costs

There will be no expenses for you. The psychotherapeutic sessions are paid for by your health insurance
company. The running groups as well as the psychological and medical diagnostics are free of charge for
you.

Rights
Participation in the study is voluntary. You have the right to withdraw at any time or refuse to answer
any question without giving a reason and without consequences of any kind.

Data privacy

All information you provide for this trial will be treated confidentially. The data and personal information
(including physical and psychological data) will only be used for research purposes and will not be made
available to third parties. Research data will only be documented, stored, evaluated and, if necessary,
published using a participants’ code consisting of letters and numbers. This code will insure that your
identity remains anonymous.

Declaration of consent

| have been informed in detail and comprehensively about the study and | have had the opportunity to
ask questions. | was given time to reconsider my participation. | understand that | can withdraw at any
time or refuse to answer any question without giving a reason and without consequences of any kind.

The trial was submitted to and approved by the Ethics Committee of the University of Saarland. The
objectives, study design, proposed practical implementation, safety measures, and the declaration of

consent fully comply with the requirements to be met by a clinical trial.

| voluntarily agree to participate in this research study.

Participants’ signature

If you have any questions, please do not hesitate to contact us.

Best regards,

The NET-Team
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C4 Interview on Motivation in Moderate-intensity Aerobic Exercise Training

Participants' motivation during moderate-intensity aerobic exercise training (MAET) is
evaluated at T1. Participants are asked to indicate their motivation for MAET post hoc for the
start of the training and at present (after the end of the training) on a five-point scale ranging
from 1 = '"Very unmotivated' to 5 = 'Very motivated'. The change in motivation during the
MAET is also recorded on a five-point scale, the extremes of which range from 1 = 'Motivation
has decreased a lot' to 5 = 'Motivation has increased a lot'. In addition, further motivational
aspects of the MAET are assessed with 9 items, such as 'The expected effect of exercise on
physical health'; 'Social contact'; 'Exercise outdoors/ in nature' regarding their motivating
character for MAET on a five-point Likert scale from 1 = 'very motivating' to 5 = 'not at all

motivating'.

In the following I will ask you some questions about your motivation to participate in
our sports program. Please note that there are no correct or incorrect answers. Please

respond spontaneously.

How motivated were you to participate in the aerobic exercise group training? Were you...

Q not motivated (red smiley) &
Q rather unmotivated (orange smiley) &
Q neither especially motivated nor unmotivated (vellow smiley) ®
Q rather motivated (light green smiley) @
Q very motivated (green smiley) =

How has your motivation to participate in the aerobic exercise group training changed over

the course of the trial?

Q Has your motivation decreased significantly (two downward pointing arrows) [
Q Has your motivation decreased slightly (one downward pointing arrow) |}

Q Has your motivation stayed the same (horizontal arrow) -
Q Has your motivation increased slightly (an upward pointing arrow) 1

Q Has your motivation increased significantly (two upward pointing arrows) 11
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How motivated were you to participate in the aerobic exercise single training?? Were you...

Q not motivated (red smiley)

Q rather unmotivated (orange smiley)

Q neither especially motivated nor unmotivated (vellow smiley)

Q rather motivated (light green smiley)
Q very motivated (green smiley)

How has your motivation to participate in the aerobic exercise single training changed over
the course of the trial?

Q Has your motivation decreased significantly (two downward pointing arrows)
Q Has your motivation decreased slightly (one downward pointing arrow)
Q Has your motivation stayed the same (horizontal arrow)

Q Has your motivation increased slightly (an upward pointing arrow)

Q Has your motivation increased significantly (two upward pointing arrows)

How motivated are you to continue the aerobic exercise training after the trial?

Q not motivated (red smiley)

Q rather unmotivated (orange smiley)

Q neither especially motivated nor unmotivated (vellow smiley)

Q rather motivated (light green smiley)
Q very motivated (green smiley)
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There are different factors that can have a positive or negative impact on the motivation to
participate in the aerobic exercise training.

Please tell me if the factors listed below have affected your motivation or if these factors have

made you more or less motivated to continue the aerobic exercise training.

very motivated

rather motivated

neither especially motivated

nor unmotivated

less motivated

not motivated

10.

Being outdoors

Having social contact/ feeling a
sense of belonging (in group
training)

The competitive nature of sports

Common goals (group training)
Being alone/ having time for

yourself (single training)

The positive effect of exercise on
physical health

The positive effect of exercise on
physical fitness

The positive effect of exercise on
mood

The positive effect of exercise on
subjective stress level

The positive effect of exercise on
day structure
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Appendix D. Supplementary Materials for Study 4

D1 Table D1

Exposure to Traumatic Events: An Overview of Prevalence and Distribution

NET NET* Total sample
n=15 n=15 n=230
Traumatic life event! n % n o, n %

Witnessed physical assault 13 86.67 13 86.67 26 86.67
Experienced physical assault by others 13 86.67 12 80.00 25 83.33
Family separation due to war 13 86.67 11 73.33 24 80.00
Loss of a family member in war 12 80.00 11 73.33 23 76.67
Witnessed weapon attack 10 66.67 13 86.67 23 76.67
Exposure to corpses 12 80.00 10 66.67 22 73.33
Experienced weapon attack 10 66.67 11 73.33 21 70.00
Witnessed life-threatening illness or injury 11 73.33 10 66.67 21 70.00
Witnessed explosions, fire or destruction 10 66.67 8 53.33 18 60.00
Deprivation of food or water 9 60.00 8 53.33 17 56.67
Witnessed murder 53.33 9 60.00 17 56.67
Experienced armed conflict 9 60.00 6 40.00 15 50.00
Imprisonment or kidnapping 53.33 7 46.67 15 50.00
Experienced fire or explosion 10 66.67 5 33.33 15 50.00
Experienced transport accident 7 46.67 7 46.67 14 46.67
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Table D1 (continued.)

NET NET* Total sample
n=15 n=15 n=30
Traumatic life event! n % n o, n %

Witnessed transport accident 7 46.67 6 40.00 13 43.33
Experienced physical assault by family member 7 46.67 5 33.33 12 40.00
Experienced life-threatening illness or injury 7 46.67 4 26.67 11 36.67
Witnessed execution 5 33.33 5 33.33 10 33.33
Experienced torture 3 20.00 6 40.00 9 30.00
Experienced sexual abuse by others 5 33.33 4 26.67 9 30.00
Witnessed sexual abuse 4 26.67 5 33.33 9 30.00
Experienced unwanted sexual events 7 46.67 2 13.33 9 30.00
Experienced natural disaster 3 20.00 4 26.67 7 23.33
Witnessed unwanted sexual events 4 26.67 2 13.33 6 20.00
Experienced sexual abuse by family member 1 6.67 2 13.33 3 10.00

Note.'assessed by War and Adversity Exposure Checklist (WAEC, Ibrahim et al., 2018b).
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D2  Table D2

Mixed-effects Models predicting PCL-5 Scores with TreatmentxTimexCovariate

Interactions

Model Predictor B SE t p

Age Intercept 37.50 14.13 2.65 011"
Treatment 8.22 19.14 0.43 .670
Time —21.06 15.55 -1.35 187
Age 0.59 0.50 1.17 .250
TreatmentxTime 25.95 21.06 1.23 229
TreatmentxAge -0.27 0.67 —-0.40 .690
TimexAge 0.04 0.55 0.07 .944
TimexTreatmentxAge —0.81 0.74 -1.09 284

Sex Intercept 63.25 7.15 8.85 <.001™"
Treatment —7.96 8.96 —0.89 379
Time —20.25 8.25 —2.46 .021*
Sex —13.43 8.35 —1.61 114
TreatmentxTime 1.39 10.34 0.13 .894
TreatmentxSex 12.02 11.15 1.08 287
TimexSex 0.34 9.63 0.04 972
TreatmentxTimexSex 4.14 12.87 0.32 750

Culture group Intercept 56.71 5.56 1021  <.001"
Treatment -3.96 9.21 —0.43 670
Time —20.43 6.08 -3.36 .003™
Culture: Central Asian vs. Arabic —8.88 8.18 —-1.09 285
Culture: Eastern European vs. Arabic -3.71 15.71 —0.24 .814
TreatmentxTime 18.18 10.09 1.80 .086
TreatmentxCentral Asian 8.13 12.81 0.63 .530
TreatmentxEastern European 3.46 18.84 0.18 .855
TimexCentral Asian 3.10 8.95 0.35 733
TimexEastern European 1.43 17.20 0.08 935
TreatmentxTimexCentral Asian —16.65 14.02 -1.19 .249
TreatmentxTimexEastern European -26.68 20.62 -1.29 210
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Table D2 (continued.)

Model Predictor s SE t p

Residence permit Intercept 62.51 13.92 4.49 <.001™"
Treatment —23.29 17.28 -1.35 .186
Time —33.44 13.57 —2.46 0217
Residence permit -3.02 4.94 —0.61 .545
TreatmentxTime 46.30 16.85 2.75 o1’
TreatmentxResidence permit 9.40 6.34 1.48 147
Timex Residence permit 4.88 4.82 1.01 322
TreatmentxTimex Residence permit —-17.10 6.18 —2.77 0117

Note. PCL-5 = PTSD Checklist for DSM-5; Reference categories: treatment = NET, time = to, culture = Arabic,
sex = female; f = unstandardized fixed-effect estimate; SE = standard error; ¢ = t-statistic. * p <.05, ** p <.01,

™ p <.001.

D3 Table D3

Mixed-effects Models predicting PCL-5 within NET" Group with TimexCovariate

Interactions

Model Predictor b SE t p

MAET sessions Intercept 106.34  27.90 3.81 002"
Time -56.73  39.46 -1.44 172
Number of MAET sessions —1.81 1.03 -1.76 .100
TimexNumber of MAET sessions 1.37 1.45 0.94 362

Heart rate difference  Intercept 45.26 14.77 3.07 010
Time -17.48  20.88 -0.84 419
Heart rate difference —0.39 0.52 —0.76 463
TimexHeart rate difference 0.06 0.74 0.09 933

Incline Intercept 58.19 9.20 6.32 <.001™
Time -17.14  13.02 -1.32 212
Incline -0.15 0.39 -0.39 704
TimeXIncline —0.11 0.56 —0.20 .842

Note. PCL-5 = PTSD Checklist for DSM-5; Reference categories: time = to, culture = Arabic, sex = female;
S = unstandardized fixed-effect estimate; SE = standard error; ¢ = t-statistic. “p <.05, ™ p <.01, ™" p <.001.
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D4  Table D4

Mixed-effects Models predicting HAMD Scores with TreatmentxTimexCovariate

Interactions

Model Predictor p SE t p

Age Intercept 15.39 7.97 1.93 .061
Treatment 14.05 10.80 1.30 201
Time -11.14 7.54 —1.48 152
Age 0.30 0.28 1.05 .300
TreatmentxTime 8.80 10.21 0.86 .397
TreatmentxAge —0.44 0.38 -1.17 249
TimexAge 0.21 0.27 0.79 437
TimexTreatmentxAge —0.36 0.36 —-1.01 324

Sex Intercept 26.75 3.94 6.78 <.001™"
Treatment —-0.04 4.94 —-0.01 994
Time —-1.00 3.68 —-0.27 .788
Sex —4.48 4.61 —-0.97 337
TreatmentxTime —3.00 4.61 —0.65 521
TreatmentxSex 2.01 6.16 0.33 745
TimexSex —6.00 4.30 —1.40 174
TreatmentxTimexSex 1.38 5.74 0.24 813

Culture Intercept 24.29 3.13 7.76 <.001™
Treatment 3.71 5.19 0.72 480
Time —2.71 2.60 —-1.04 .308
Culture: Central Asian vs. Arabic —2.45 4.61 —0.53 .598
Culture: Eastern European vs. Arabic 3.71 8.85 0.42 .678
TreatmentxTime —2.29 431 —-0.53 .601
TreatmentxCentral Asian —2.75 7.22 —-0.38 706
TreatmentxEastern European —8.96 10.61 —0.84 405
TimexCentral Asian =7.79 3.83 —2.04 .055
TimexEastern European 0.71 7.35 0.10 924
TreatmentxTimexCentral Asian 4.39 5.99 0.73 472
TreatmentxTimexEastern European 2.04 8.81 0.23 .820
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Table D4 (continued.)

Model Predictor B SE t p

Residence permit Intercept 29.44 8.34 3.53 .001™
Treatment —4.50 1035 —-0.43 .667
Time —11.18 7.45  —1.50 .146
Asylum status —1.88 296  —0.63 .530
TreatmentxTime 7.58 9.26 0.82 421
Treatmentx Residence permit 2.07 3.80 0.54 .589
Timex Residence permit 1.87 2.65 0.71 487
TreatmentxTimex Residence permit —3.06 3.40 —-0.90 377

Note. HAMD = Hamilton Depression Scale; Reference categories: treatment = NET, time = to, culture = Arabic,
sex = female; f = unstandardized fixed-effect estimate; SE = standard error; ¢ = t-statistic. * p <.05, - p <.01,

™ p <.001.

D5 Table D5

Mixed-effects Models predicting HAMD within NET" Group with TimexCovariate

Interactions

Model Predictor S SE t P

MAET sessions Intercept 31.25 11.78  2.65 019"
Time 2450 16.66 -147 .163
Number of MAET sessions —0.23 043 —-0.53 .604
TimexNumber of MAET sessions 0.56 0.61 0.92 373

Heart rate difference  Intercept 21.18 5.42 391 002"
Time 2.01 7.66 0.26 798
Heart rate difference —0.10 0.19 -0.54 .596
TimexHeart rate difference 0.39 0.27 1.43 178

Incline Intercept 28.36 3.03 9.36 <.001™
Time -9.66 429 225 .044
Incline -0.26 0.13 -1.98 .071
TimeXIncline 0.09 0.18 0.52 .615

Note. HAMD = Hamilton Depression Scale; Reference categories: time = to, culture = Arabic, sex = female;
B = unstandardized fixed-effect estimate; SE = standard error; ¢ = t-statistic. “p <.05, ™ p <.01, ™" p <.001.
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Appendix E. Angaben zu verwendeten Hilfmitteln und Eigenstindigkeitserkldrung

Verwendete Hilfsmittel

- Verwendung eines Literaturverwaltungsprogramms (z.B. Zotero)
- Kl-gestiitzte Tools (z.B. DeepL) zur sprachlichen Uberarbeitung (Ubersetzung/

Sprachgléttung einzelner Passagen); keine inhaltliche Generierung.

Eidesstattliche Erklirung

nach §5 Abs. 4 der Promotionsordnung Fakultdt HW der Universitit des Saarlandes fiir die Promotion

zum Doktor der Naturwissenschaften vom 18. Oktober 2017

Hiermit versichere ich an Eides statt, dass

a) ich mich bis jetzt keinem Promotionsverfahren unterzogen habe,

b) ich meine Dissertation selbst verfasst und keine anderen als die von mir angegebenen Quellen
und Hilfsmittel benutzt sowie die den benutzten Werken wortlich oder inhaltlich entnommenen
Stellen kenntlich gemacht habe, und

c) ich bei der Auswahl und Auswertung von Material und bei der inhaltlich-materiellen
Anfertigung der Dissertation nur von den genannten Personen in der jeweils angegebenen Weise
Hilfe erfahren und insbesondere nicht die entgeltliche Hilfe von Vermittlungs- und

Beratungsdiensten in Anspruch genommen habe.

Mit freundlichen Griilen

Charina.C. Lider
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