
Fachbereich Erziehungswissenschaft und Psychologie 

der Freien Universität Berlin 

 

Stress-regulating systems and stress-relevant brain regions in posttraumatic 

stress disorder and borderline personality disorder  

- The role of childhood trauma - 

 

 

 

 

 

Dissertation zur Erlangung des akademischen Grades Doktorin der Naturwissenschaften  

(Dr. rer. nat.) 

 

 

 

 

 

 

 

 

 

 vorgelegt von Sophie Metz, M. Sc. Psychologie 

Berlin, 2020 

 

 

 

 

 

 

 

 



ii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tag der Disputation: 13.09.2021 

 

Erstgutachterin (first supervisor):  

Prof. Dr. rer. nat. Katja Wingenfeld  

Zweitgutachter (second supervisor):  

Prof. Dr. med. Hauke Heekeren 

Promotionsordnung zum Dr. rer. nat./PhD der Freien Universität Berlin vom 08.08.2016 (FU-Mitteilung 

35/2016) 



iii 
 

Acknowledgements:  

I am very grateful to my first supervisor Katja Wingenfeld for her invaluable support and 

constructive review of my work. The thesis would not have been possible without her 

expertise, trust, encouragement and inspiration. I would also like to thank Christian Otte, 

Oliver T. Wolf and Hauke Heekeren for their additional support and review of my work, and 

Simone Grimm and Matti Gärtner for their support concerning imaging expertise. Special 

thanks also to every member of the examination committee: Malek Bajbouj, Stephan Heinzel 

und Sabrina Golde. Moreover, I would like to thank my colleagues from Charité 

Universitätsmedizin Berlin: Jan Nowacki, Woo Ri Chae, Tolou Maslahati-Kochesfahani, 

Christian Deuter, Michael Kaczmarczyk, An bin Cho, Catarina Rosada, Livia Graumann, and 

many more for the good times, inspiring working environment and companionship. 

Additionally, I would like to thank all of my co-authors for their contributions and 

cooperation, and everyone else who supported me to make this dissertation thesis possible. 

And finally, very special thanks to my family and friends for their emotional support and for 

always believing in me. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



iv 
 

Table of content 
English summary 1 

Deutsche Zusammenfassung (German summary) 3 

1. Theoretical and empirical background 6 

1.1. Clinical symptoms of posttraumatic stress disorder (PTSD) and borderline personality 

disorder (BPD) and the role of childhood trauma (CT) 8 

1.1.1. Clinical symptoms of PTSD 8 

1.1.2. Clinical symptoms of BPD 9 

1.1.3. Overlapping symptoms of PTSD and BPD 9 

1.1.4. The role of CT in overlapping symptoms of PTSD and BPD 10 

1.2. Stress-regulating systems in PTSD and BPD and the role of CT 11 

1.2.1. Stress-regulating systems in PTSD 13 

1.2.2. Stress-regulating systems in BPD 14 

1.2.3. Overlapping features of PTSD and BPD in stress-regulating systems 16 

1.2.4. The role of CT in overlapping features of PTSD and BPD in stress-regulating 

systems  17 

1.3. Stress-relevant brain regions in PTSD and BPD and the role of CT 19 

1.3.1. Stress-relevant brain regions in PTSD 20 

1.3.2. Stress-relevant brain regions in BPD 21 

1.3.3. Overlapping features of PTSD and BPD in stress-relevant brain regions 22 

1.3.4. The role of CT in overlapping features of PTSD and BPD in stress-relevant brain 

regions  23 

1.4. Stress-brain interaction in PTSD and BPD and the role of CT 23 

1.4.1. Stress-brain interaction in PTSD 24 

1.4.2. Stress-brain interaction in BPD 25 

1.4.3. Overlapping features of PTSD and BPD in the stress-brain interaction 26 

1.4.4. The role of CT in overlapping features of PTSD and BPD in the stress-brain 

interaction 27 

1.5. Summary and open questions 27 

2. Aims and design of the dissertation project 28 

2.1. Research questions and hypothesis 29 

2.1.1.  Study 1: Psychophysiological stress response in PTSD 30 

2.1.2.  Study 2: Hippocampus and amygdala RSFC in PTSD and BPD 30 

2.1.3. Study 3: Effects of hydrocortisone on autobiographical memory retrieval in PTSD 

and BPD  31 

2.2. Rationale of the three studies 31 

2.2.1. Participants 31 

2.2.2 Procedure 32 



v 
 

2.2.3. Autobiographical memory test (AMT) 33 

2.2.4. Measurement of saliva sampling, blood pressure and heart rate 34 

2.2.5. Measurement of brain imaging 35 

3. Study 1: Psychophysiological stress response in PTSD 36 

4. Study 2: Hippocampus and amygdala RSFC in PTSD and BPD 45 

5. Study 3: Effects of hydrocortisone on autobiographical memory retrieval in PTSD and BPD 
  57 

6. General Discussion 65 

6.1.  Strengths and limitations of the studies 66 

6.2.  Discussion of the main findings 68 

6.2.1.  Psychosocial stress response in PTSD 68 

6.2.2.  Hippocampus and amygdala RSFC in patients with PTSD and BPD 71 

6.2.3. Effects of hydrocortisone administration on neural activity during AM retrieval in 

patients with PTSD and BPD 73 

6.2.4.  Summary 75 

6.3. Integration of the results - a hypothetical model linking CT to the psychopathology of 

PTSD and BPD 78 

6.4. Implications for future research 83 

6.5. Conclusion 85 

7. References 88 

8. Appendix 100 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



1 
 

English summary 

Posttraumatic stress disorder (PTSD) and borderline personality disorder (BPD) are highly 

comorbid. Patients with both disorders report the highest likelihood of lifetime suicide attempts 

and the lowest mental health related quality of life. Given the high likelihood of comorbid PTSD 

and BPD and the great burden on those affected, mutual biological and behavioural 

characteristics of both disorders and their causes seem worthwhile investigating. The current 

dissertation project aims at further describing overlapping and distinct alterations in stress-

regulating systems, stress-relevant brain regions and their interplay in patients with PTSD and 

BPD, to better explain the evolvement of clinical symptoms, such as affect dysregulation and 

dissociation that characterize both disorders. As a secondary aim, the current project focusses 

on the role of childhood trauma (CT), as a mutual environmental factor and possible cause of 

overlapping symptoms and characteristics in PTSD and BPD.  

Both disorders are associated with exposure to traumatic events. Traumatic events, such as 

physical and sexual childhood abuse, in the early phase of development especially increase the 

risk of developing a psychiatric disorder, among them PTSD and BPD. The organism is 

especially sensitive to environmental influences in the early period of ontogeny, and changes 

of stress-regulating systems and stress-relevant brain regions occur in response to stressful 

environments. Therefore, research has focused on stress-regulating systems and stress-relevant 

brain regions in both disorders. Especially, the hypothalamic-pituitary-adrenal (HPA) axis, the 

sympathetic nervous system (SNS), fronto-limbic networks and the influences of 

glucocorticoids on memory retrieval and its neural activity have been investigated. Results 

suggest that some common features in patients with PTSD and BPD may be related to CT, in 

addition to distinct features that are related to e.g. genetics or single-event trauma. However, 

there has been little systematic investigation of distinct and overlapping features in PTSD and 

BPD, or of how CT is related to features that are present in both patient groups. To further 

characterize distinct and overlapping features in PTSD and BPD, and the role of CT, the 

following research questions are examined:  

1. How do female patients with PTSD differ in their physiological and subjectively 

perceived stress response to an acute psychosocial stressor, compared with healthy 

women, and how do these differences relate to CT?  

2. How does amygdala and hippocampus resting state functional connectivity (RSFC) 

differ between female patients with PTSD and BPD and healthy women, in a placebo 

condition and after hydrocortisone administration, and how does amygdala or 

hippocampus RSFC in the placebo or hydrocortisone condition relate to CT?  
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3. How do female patients with PTSD and BPD differ from healthy women in their neural 

activity during autobiographical memory (AM) retrieval after hydrocortisone 

administration compared with a placebo condition, and how do these differences relate 

to CT?  

To investigate the psychosocial stress response, we used the Trier Social Stress Test, a well-

established psychosocial stressor. To examine the effect of hydrocortisone on RSFC and on 

neural activity during AM retrieval, we used a standardized resting state scan and an 

autobiographical memory task adapted for functional magnet resonance imaging.   

The main results of this dissertation are as follows. First, female patients with PTSD are 

characterized by a blunted cortisol response to a psychosocial stressor compared with healthy 

women. Measure of cortisol changes over time in response to a psychosocial stressor correlated 

negatively with severity of CT. We found no evidence for increased SNS reactivity in female 

patients with PTSD. Secondly, hippocampus dorsomedial prefrontal cortex (dmPFC) RSFC is 

reduced in female patients with PTSD and BPD. Hippocampus dmPFC RSFC correlated 

negatively with severity of CT and clinical symptoms. There were no differences between 

female patients and healthy women in amygdala RSFC. In addition, there was no influence of 

hydrocortisone on either amygdala or hippocampus RSFC, nor an interaction of hydrocortisone 

with group. Thirdly, female PTSD and BPD patients and healthy women did not differ in their 

neural activity during AM retrieval, neither in the placebo condition nor after hydrocortisone 

administration. Severity of CT correlated with a hydrocortisone induced pattern of neural 

activity. To conclude, the conducted studies extend findings on the physiological stress 

response and fronto-limbic network functioning and on the influence of glucocorticoids on 

memory retrieval and neural activity in patients with PTSD and BPD. Particularly, the revealed 

association of CT with a blunted cortisol stress response, decreased hippocampus dmPFC RSFC 

and a hydrocortisone induced neural activity pattern during AM retrieval, suggest an influence 

of CT on overlapping features in PTSD and BPD. This dissertation project condenses the 

current findings into a model that describes how CT might induce changes that partially account 

for overlapping features in PTSD and BPD. The model focusses on glucocorticoid receptor 

(GR) functioning and its consequences on HPA axis, SNS and fronto-limbic network 

functioning, and on the influence of glucocorticoids on memory retrieval and its associated 

neural activity. The current dissertation project yields important new insights into how CT as a 

common environmental factor in both disorders results in changes in stress-regulating systems 

and stress-relevant brain regions, and how these explain overlapping symptoms in both 

disorders. 
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Deutsche Zusammenfassung (German summary) 

Epidemiologische Studien weisen auf hohe Komorbiditätsraten zwischen der 

Posttraumatischen Belastungsstörung (PTBS) und der Borderline Persönlichkeitsstörung (BPS) 

hin. Das Funktionsniveau von Patienten und Patientinnen, die unter beiden Störungen leiden, 

ist besonders eingeschränkt und der damit einhergehende Leidensdruck besonders hoch. Daher 

scheint die Untersuchung von gemeinsamen physiologischen und behavioralen Veränderungen 

und deren Ursache besonders erforderlich. Im vorliegenden Dissertationsprojekt sollen 

Merkmale stressregulierender Systeme, verwandter Hirnregionen sowie deren Interaktion in 

beiden Störungsgruppen untersucht werden um die Entstehung von Symptomen, wie einer 

defizitären Emotionsregulation und Dissoziationen, besser erklären zu können. Ein besonderer 

Fokus liegt hierbei auf Merkmalen, die beiden Störungen gemeinsam sind. Weiterhin soll die 

Rolle früher traumatischer Erfahrungen als gemeinsamer Umweltfaktor und mögliche Ursache 

für Merkmalen, die beide Störung aufweisen, untersucht werden.  

Beide Störungen weisen eine hohe Prävalenz an traumatischen Erfahrungen auf. Vor allem 

traumatische Erfahrungen in der Kindheit führen zu einer erhöhten Vulnerabilität für 

psychische Störungen, eingeschlossen PTBS und BPS. Der Organismus ist vor allem zu Beginn 

der Entwicklung empfindlich für Umwelteinflüsse und es kommt zu Veränderungen von 

stressregulierenden Systemen und den dazugehörigen Hirnregionen auf Grund von belastenden 

Umweltfaktoren. Bisherige Studien untersuchten daher vor allem stressregulierende Systeme 

und die dazugehörigen Hirnregionen in Patienten und Patientinnen mit PTBS und BPS und in 

Probanden und Probandinnen mit traumatischen Kindheitserfahrungen. Vor allem die 

Funktionsweise der Hypothalamus-Hypophysen-Nebennierenrinden Achse (HHNA), dem 

sympathischen Nervensystem (SNS), fronto-limbischen Netzwerken und dem Einfluss von 

Glukokortikoiden auf den Gedächtnisabruf und die neuronale Aktivität wurden untersucht. 

Ähnliche Merkmale in beiden Störungsgruppen und bei Probanden und Probandinnen mit 

traumatischen Kindheitserfahrungen deuten auf gemeinsame ätiologische Mechanismen im 

Zusammenhang mit frühen traumatischen Lebensereignissen hin. Unterschiede zwischen den 

beiden Störungsbildern sind womöglich auf genetische Faktoren oder traumatische 

Erfahrungen im Erwachsenenalter zurückzuführen. Wie jedoch frühe traumatische 

Lebensereignisse zu den physiologischen Veränderungen beider Störungsgruppen führen und 

wie diese mit überlappenden Symptomen beider Störungen zusammenhängen, ist bisher noch 

unzureichend untersucht. Daher sind die folgenden Fragestellungen zu untersuchen: 
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1. Wie ist die physiologische und subjektive Stressreaktion auf einen psychosozialen 

Stressor in Patientinnen mit PTBS im Vergleich zu gesunden Kontrollprobandinnen 

verändert und wie hängt dieses mit traumatischen Kindheitserfahrungen zusammen? 

2. Wie ist die funktionale Konnektivität von Amygdala und Hippocampus bei Patientinnen 

mit PTBS und BPS nach einer Verabreichung von Hydrokortison und nach der 

Verabreichung eines Placebos im Vergleich zu gesunden Kontrollprobandinnen 

verändert und gibt es einen Zusammenhang zwischen der Konnektivität in einer der 

beiden Bedingungen und traumatischen Kindheitserfahrungen?  

3. Wie unterscheiden sich Patientinnen mit PTBS und BPS in der neuronalen Aktivität 

während des autobiographischen Gedächtnisabrufes von gesunden 

Kontrollprobandinnen nach einer Verabreichung von Hydrokortison und im Vergleich 

zu einer Placebo Bedingung und wie hängen diese Unterschiede mit traumatischen 

Kindheitserfahrungen zusammen?  

Die psychosoziale Stressreaktion wurde mit dem Trier Social Stress Test, einem gut-etablierten 

psychosozialen Stresstest untersucht. Die funktionale Konnektivität und die neuronale Aktivität 

des autobiographischen Gedächtnisabrufes wurden mit einer Ruhemessung (resting state) und 

einem autobiographischen Gedächtnistest für funktionale Magnetresonanztomographie 

untersucht.  

Die Durchführung des Dissertationsprojekts führte zu folgenden Ergebnissen: Erstens, 

Patientinnen mit PTBS zeigten eine reduzierte Kortisolreaktion auf einen psychosozialen 

Stressor im Vergleich zu gesunden Kontrollprobandinnen. Die Stärke der Kortisolreaktion nach 

psychosozialem Stress korrelierte negativ mit der Schwere früher traumatischer 

Lebensereignisse. Es konnte kein Hinweis auf eine erhöhte Reaktion des SNS gefunden werden. 

Zweitens, die funktionale Konnektivität zwischen Hippocampus und dorsomedialen 

präfrontalem Kortex ist in Patientinnen mit PTBS und BPS reduziert und korreliert negativ mit 

der Schwere früher traumatischer Lebensereignisse und der Symptomatik. Es zeigte sich kein 

Unterschied in der funktionalen Konnektivität der Amygdala. Weiterhin zeigte sich kein 

Einfluss von Hydrokortison auf die funktionale Konnektivität beider Areale, noch interagierte 

Hydrokortison mit der Zugehörigkeit zu einer der drei Gruppen. Drittens, es zeigte sich kein 

Unterschied zwischen Patientinnen mit PTBS, BPS und gesunden Kontrollprobandinnen in der 

neuronalen Aktivität des autobiographischen Gedächtnisabrufes, weder während der Placebo 

Bedingung noch nach einer Verabreichung von Hydrokortison. Die Schwere früher 

traumatischer Lebensereignisse korrelierte jedoch positiv mit einer Hydrokortison-induzierten 

neuronalen Aktivität während des autobiographischen Gedächtnisabrufes. Zusammenfassend, 
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erweitern die durchgeführten Studien Befunde zu Veränderungen der HHNA, des SNS, der 

fronto-limbischen Netzwerke und zu dem Einfluss von Glukokortikoiden auf den 

Gedächtnisabruf und deren neuronale Aktivität in Patientinnen mit PTBS und BPS. Vor allem 

die beschriebenen Zusammenhänge von traumatischen Kindheitserfahrungen mit einer 

reduzierten Kortisolreaktion, einer verringerten funktionalen Konnektivität zwischen 

Hippocampus und dorsomedialen präfrontalen Kortex und einer Hydrokortison-induzierten 

neuronalen Aktivität während des autobiographischen Gedächtnisabrufes, weisen auf einen 

Einfluss von frühen traumatischen Erfahrungen auf überlappende Charakteristika in PTBS and 

BPS hin. Ein zusammenfassendes Model, welches die beschriebenen Ergebnisse im Sinne einer 

Reaktion stressregulierender Systeme und den dazugehörigen Hirnregionen auf frühe 

traumatische Lebensereignisse integriert, wird präsentiert. Dieses integrative Modell legt 

hierbei einen besonderen Fokus auf den Einfluss von frühen traumatischen Lebensereignissen 

auf die Funktionswiese des Glukokortikoidrezeptors (GR) und deren Folgen für die HHNA, das 

SNS, fronto-limbische Netzwerke und den Einfluss von Glukokortikoiden auf den 

Gedächtnisabruf in Patientinnen mit PTBS und BPS. Das vorliegende Dissertationsprojekt gibt 

daher neue Einsicht, wie frühe traumatische Lebensereignisse zu Unterschieden in 

stressregulierenden Systemen und den dazugehörigen Hirnregionen führen und schließlich 

überlappende Symptome in Patienten und Patientinnen mit PTBS und BPS erklären.  
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1. Theoretical and empirical background 

One in four patients with posttraumatic stress disorder (PTSD) suffers from comorbid 

borderline personality disorder (BPD), and almost one third of patients with BPD are also 

diagnosed with PTSD (Pagura et al., 2010). Patients with both disorders report the highest 

likelihood of lifetime suicide attempts and the lowest mental health related quality of life 

(Pagura et al., 2010). Given the high likelihood of comorbid PTSD and BPD and the great 

burden on those affected, mutual biological and behavioural characteristics and their cause 

seem worthwhile investigating and might help improve identification, prevention, and 

intervention for both disorders. The current dissertation project aims at further describing 

overlapping and distinct alterations in stress-regulating systems, stress-relevant brain regions 

and their interplay in patients with PTSD and BPD to better explain the evolution of clinical 

symptoms that characterize both disorders. In addition, the current project focusses on the role 

of childhood trauma (CT), as a mutual environmental factor and possible cause of overlapping 

symptoms and characteristics in PTSD and BPD.  

An association of both disorders with CT has been described (Beck et al., 2019; De Aquino 

Ferreira, Pereira, Benevides, & Melo, 2018; Gekker et al., 2018). A new nosological entity, 

complex PTSD, comprises symptoms of both disorders (Cloitre, Garvert, Brewin, Bryant, & 

Maercker, 2013) and is associated with repeated trauma especially in the early phase of 

development, e.g. physical and sexual childhood abuse (Cloitre et al., 2013). Given the high 

comorbidity and that CT is a mutual etiological factor, a new nosological entity seems 

reasonable and necessary. However, little is known about what symptoms are characteristic of 

both PTSD and BPD, which physiological alterations might explain these symptoms, and how 

CT as a mutual environmental factor might lead to those overlapping symptoms.  

As the organism is especially sensitive to environmental influences in the early period of 

ontogeny, changes of stress-regulating systems and stress-relevant brain regions occur in 

response to highly stressful environments, e.g. trauma. Research has therefore focused on 

stress-regulating systems and stress-relevant brain regions in both disorders and in participants 

with CT. In particular, the hypothalamic-pituitary-adrenal (HPA) axis, the sympathetic nervous 

system (SNS), fronto-limbic networks and the influences of glucocorticoids on memory 

retrieval and its associated neural activity have been investigated. 

However, a distinct group of PTSD patients report only symptoms of PTSD and no 

symptoms of BPD; this group has been described in association with single-event trauma 

(Cloitre et al., 2013). In addition, research has suggested biological differences in BPD patients 

with and without trauma (Goodman & Yehuda, 2002).  
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Taken together, these results suggest that there might be common features in both disorders 

which are possibly associated with CT and distinct features related to e.g. genetics or further 

environmental factors such as single-event trauma. Many studies focused either on one disorder 

or on environmental factors (e.g. CT). More research investigating overlapping features in 

different disorders, such as PTSD and BPD, is needed. The current dissertation project aims at 

further describing overlapping and distinct alterations in stress-regulating systems, stress-

relevant brain regions and their interplay in patients with PTSD and BPD to better explain the 

evolution of clinical symptoms that characterize both disorders. As a secondary aim, the current 

project focusses on the role of CT as a possible causal factor explaining variance in overlapping 

symptoms and characteristics in PTSD and BPD (see figure 1).  

 

Figure 1. The aim of the current dissertation project. 

 

PTSD = Posttraumatic stress disorder, BPD = Borderline Personality disorder, CT = childhood trauma.  

 

 

To do so, I describe diagnostic symptoms according to DSM criteria of the two disorders to 

reveal overlapping phenotypic changes in both disorders that might be associated with changes 

in stress-regulating systems, stress-relevant brain regions and their interplay. Subsequently, 

findings on the HPA axis and SNS activity and their relevance for mutual symptoms in patients 

with PTSD and BPD are reviewed in the introduction. In addition, I describe findings on stress-

relevant brain regions, most importantly fronto-limbic networks, including the hippocampus, 

the amygdala and the prefrontal cortex (PFC) (Oitzl, Champagne, van der Veen, & de Kloet, 
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2010) and their influence on cognitive and affective processes in both disorders. I review the 

influence of glucocorticoids on memory retrieval processes and neural activity in both disorders 

to describe how stress-regulating systems and stress-relevant brain regions interact in patients 

with PTSD and BPD. In each of the above-named introductory chapters, the role of CT will be 

shortly addressed by highlighting findings that suggest an association of CT with overlapping 

features in PTSD and BPD. Lastly, I summarize the main findings of the existing body of 

literature and outline what still needs to be addressed to further characterize overlapping 

symptoms in PTSD and BPD and to understand how CT might lead to these alterations.  

Before delving into these topics, one last remark should be kept in mind. The risk of 

developing a psychiatric disorder drastically increases in participants with CT (Heim & 

Nemeroff, 2001). Therefore, studies investigating the consequences of CT in healthy 

participants are rare. I describe whenever possible results on CT in healthy participants but 

often refer to results including participants irrespective of disease status. Importantly, results 

concerning CT will only be reported to further characterize overlapping features in PTSD and 

BPD. Results related to CT in other disorders, such as major depressive disorder (MDD) 

resulting in different phenotypes are beyond the scope of the current dissertation project and 

will only be reported to clarify the differentiation from PTSD and BPD. 

   

1.1. Clinical symptoms of posttraumatic stress disorder (PTSD) and borderline 

personality disorder (BPD) and the role of childhood trauma (CT) 

Starting from a more clinical perspective, which symptoms occurring in both PTSD and BPD 

are possibly explained by overlapping alterations in stress-regulating systems and stress-

relevant brain regions? And are these overlapping symptoms possibly related to CT? To address 

these questions, I describe symptoms of each disorder (PTSD and BPD) separately, followed 

by a description of overlapping symptoms and their association with CT.  

 

1.1.1. Clinical symptoms of PTSD  

PTSD emerges after exposure to a severe traumatic event that provoked fear, helplessness, or 

horror. The disorder is mainly characterized by three symptoms: (1) re-experiencing unwanted 

images of the incident, dissociative reactions (e.g. flashbacks) and nightmares; (2) attempts to 

avoid reminders of the event, including persons and places and (3) hyperarousal resulting in 

physiological symptoms, such as insomnia, impaired concentration and hypervigilance. In 

addition, the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) emphasizes 
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negative self-worth, pathological blame, negative emotions and emotional numbness as 

symptoms of the disorder (American Psychiatric Association, 2013). 

 

1.1.2. Clinical symptoms of BPD 

BPD is characterized by an inflexible and long-lasting pattern of instability in interpersonal 

relationships, affect and self-concept and impulsivity affecting occupational and social 

situations. In particular the diagnostic criteria include: (1) fear of being abandoned, (2) pattern 

of instable interpersonal relationships, (3) instability of self-concept, (4) impulsivity including 

potential self-injuring domains, (5) suicidal acts, (6) affect instability including e.g. episodic 

dysphoria, (7) chronic feeling of emptiness, (8) difficulties controlling anger and (9) 

dissociative symptoms (American Psychiatric Association, 2013).  

 

1.1.3. Overlapping symptoms of PTSD and BPD  

In addition to several distinct symptoms, BPD and PTSD show a significant overlap in 

symptoms, such as dissociation (Barnow et al., 2012; Bremner et al., 1992) and affect 

dysregulation (Lanius, Frewen, Vermetten, & Yehuda, 2010; Van Dijke, 2012) (see figure 2), 

which are at the same time core features of complex PTSD (Ford & Courtois, 2014). Affect 

dysregulation refers to the inability to control or regulate emotional responses, including, for 

example, an inability to calm down, rapid mood changes and an inability to engage in goal-

directed behaviour (Briere, Hodges, & Godbout, 2010). Consequences are transparently 

extensive, ranging from inability to control anger in occupational situations to excessive 

mistrust in relationships. Affect dysregulation has also been described as predicting subsequent 

dissociation (Powers, Cross, Fani, & Bradley, 2015). Dissociation, which aggravates in stressful 

and emotional situations (Paret, Hoesterey, Kleindienst, & Schmahl, 2016), refers to disruptions 

in the integration of memory and perception of self and environment (e.g. depersonalization, 

derealization) and contributes to further functional impairment (Powers et al., 2015).  
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Figure 2. Clinical symptoms in PTSD and BPD.  

Schematic representation of overlapping symptoms in PTSD and BPD. PTSD = Posttraumatic Stress Disorder, BPD = Borderline Personality 
Disorder.  

 

Taken together, affect dysregulation and dissociation are overlapping symptoms in both 

disorders and might be related to overlapping alterations in stress-regulating systems and stress-

relevant brain regions. However, the question arises whether these symptoms are related to CT, 

as CT is one possible factor explaining alterations in stress-regulating systems and stress-

relevant brain regions in both disorders.   

 

1.1.4. The role of CT in overlapping symptoms of PTSD and BPD  

Affect dysregulation and dissociation could indeed plausibly result from common etiological 

factors (Knefel, Tran, & Lueger-Schuster, 2016). An association of physical childhood abuse 

with dissociative symptoms in a randomly selected sample irrespective of disease status has 

been described (Mulder, Beautrais, Joyce, & Fergusson, 1998). In addition, a review 

summarizing studies on CT, affect dysregulation, and psychiatric co-morbidities suggested a 

relationship between CT and affect dysregulation (Dvir, Ford, Hill, & Frazier, 2014). Therefore, 

affect dysregulation and dissociation might be overlapping symptoms in both disorders that are 

related to CT. Understanding, acceptance and interpersonal regulation of emotions may be 

particularly problematic for individuals exposed to CT. This might lead to further distinct 

symptoms in both disorders depending on genetic variations and environmental factors such as 

trauma during adulthood in PTSD (Pratchett & Yehuda, 2011) and 

disorganized attachment interactions in BPD  (Khoury et al., 2019).  

Taken together, CT is associated with affect dysregulation and dissociation, which are also 

features of PTSD and BPD. Since affect dysregulation and dissociation are overlapping in 

PTSD and BPD and are related to CT, the following chapters aim to further investigate how 

overlapping feature of stress-regulating systems and stress-relevant brain regions might explain 

the emergence of these symptoms. 
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Previous studies have suggested an association between affect regulation (Het, Schoofs, 

Rohleder, & Wolf, 2012), dissociation (Simeon, Knutelska, Smith, Baker, & Hollander, 2007) 

and stress-regulating systems. Therefore, in the following I review findings on HPA axis and 

SNS activity in PTSD and BPD and their relation to CT.  

 

1.2. Stress-regulating systems in PTSD and BPD and the role of CT 

Before I describe stress reactivity in patients with PTSD and BPD, a brief outline of the stress 

response in healthy participants is presented.  

The stress response is mainly characterized by two major stress systems, the HPA axis and 

the SNS, with cortisol and norepinephrine as their respective end-products. Appraisal of a 

stressful event starts a cascade which activates these two systems. This is mainly associated 

with activation in the PFC and limbic structures, in particular the amygdala and the 

hippocampus. The hypothalamus is connected to these brain regions and initiates a rapid 

response of the SNS and slower response of the HPA axis (Schwabe & Wolf, 2013).  

The SNS stress response is characterized by a rapid release of noradrenaline and adrenaline 

(Hermans, Henckens, Joëls, & Fernández, 2014). Noradrenaline is primarily released in the 

locus coeruleus (LC) as well as by brainstem sites. This is followed by a peripheral release of 

adrenaline from the adrenal medulla by activation of sympathetic pathways that project 

indirectly to the end organs and the adrenal medulla (Valentino & Van Bockstaele, 2008). 

Second, a slower release of glucocorticoids via the HPA axis takes place (Hermans et al., 

2014). The corticotropin-releasing hormone (CRH) is released from the hypothalamus 

stimulating the secretion of adrenocorticotrophic hormone (ACTH) from the pituitary. ACTH 

increases the synthesis and release of glucocorticoids from the adrenal cortex. Glucocorticoids 

then bind at two different nuclear receptors in the brain, firstly with higher affinity at the 

mineralocorticoids receptor (MR) also known as Type II or NR3C2, which is mainly distributed 

in limbic structures, and then with lower affinity at the glucocorticoid receptor (GR) also known 

as Type I or NR3C1, which is distributed across the whole brain (De Kloet, 2014). Additionally, 

glucocorticoids initiate a negative feedback loop predominantly via GR targeting the pituitary, 

hypothalamus, and hippocampus, thus regulating HPA axis activation and an adaptive stress 

response (De Kloet, Joëls, & Holsboer, 2005).  

The HPA axis and SNS also influence each other. Since the main source of norepinephrine 

in the central nervous system is the LC and the LC receives excitatory CRH inputs from 

different regions, among them the central nucleus of the amygdala and the paraventricular 

nucleus of the hypothalamus, interaction of the HPA axis and the SNS takes place at the level 
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of CRH (Jedema & Grace, 2004). Accordingly, CRH projecting neurons from the amygdala 

enhance firing rate of neurons in the LC resulting in an increased noradrenaline release (McCall 

et al., 2015). In line with these results, adrenalectomized rats show increased CRH release and 

increased LC firing (Pavcovich & Valentino, 1997). However, cortisol treatment prevented this 

increase, indicating that feedback inhibition by glucocorticoids may results in a decreased 

responses of the LC and reduced noradrenaline release (Kvetnanský et al., 1993). In turn, the 

adrenergic system stimulates CRH release at hypothalamic level by norepinephrines (Fehm, 

Voigt, Lang, & Pfeiffer, 1980; Weiner & Ganong, 1978).  

In addition to basal HPA axis and SNS activity, usually investigated by extraction of 

unstimulated blood, saliva or urine samples, studies investigated stimulated HPA axis and SNS 

activity in patients with PTSD and BPD and in participants with CT. For this purpose, different 

tasks and stressors have been used. A frequently used psychosocial stressor, is the Trier Social 

Stress Test (TSST) (Kirschbaum, Pirke, & Hellhammer, 1993) (for detailed description see 

chapter 2.2.2). Other studies used cognitive challenge tests, including e.g. challenging 

arithmetic and Stroop tasks (Bremner et al., 2003; Gotthardt et al., 1995) or the cold pressor 

test, in which participants immerse their hands in ice cold water for a few minutes, and which 

induces most notably profound SNS activation (Giesbrecht, Smeets, & Merckelbach, 2008; 

Lovallo, 1975; Santa Ana et al., 2006). In PTSD patients many studies used trauma-related 

stimuli to evoke a stress reaction, e.g. reading and imagination of personalized trauma scripts 

or audiotapes of combat sounds in veterans (Elzinga, Schmahl, Vermetten, van Dyck, & 

Bremner, 2003; Liberzon, Abelson, Flagel, Raz, & Young, 1999).  

To investigate HPA axis feedback-regulation, the dexamethasone suppression test is 

frequently used. In the dexamethasone suppression test, usually 1 mg of dexamethasone is 

administered orally and cortisol levels are measured the following day. Increased cortisol values 

indicate a failure to suppress cortisol and is considered evidence for HPA axis hyperactivity 

and attenuated feedback regulation (Coryell & Schlesser, 2001). GR expression and sensitivity 

have also been investigated as markers of HPA axis feedback-regulation. Central GR sensitivity 

measurement is only possible postmortem. There are yet no studies investigating central GR 

expression (e.g. in the hippocampus) in human patients with PTSD or BPD. Therefore, the 

majority of studies investigated GR sensitivity in peripheral blood. 

In the following chapters, I will describe findings on (1) basal SNS activity, followed by 

findings on (2) stimulated activity of the SNS, followed by findings on (3) basal HPA axis 

activity and lastly findings on (4) stimulated activity of the HPA axis in both disorders and in 

participants with CT. Findings on stimulated activity include various studies using different 
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stressors. Findings on trauma-related stressors are mainly presented in patients with PTSD, 

while the cognitive challenge test, cold pressor test and TSST are more commonly used in 

patients with BPD. 

 

1.2.1. Stress-regulating systems in PTSD 

Results concerning SNS activity in patients with PTSD hint towards increased basal and 

stimulated SNS activity. Meta-analysis of basal catecholamine in plasma and urine revealed 

increased catecholamines in patients with PTSD (Pan, Kaminga, Wen, & Liu, 2018), and 

similar results for 24-hour urine have been reported (Wingenfeld, Whooley, Neylan, Otte, & 

Cohen, 2015). In addition, studies revealed higher heart rate (Buckley, Holohan, Greif, Bedard, 

& Suvak, 2004; Paulus, Argo, & Egge, 2013) and blood pressure (Muraoka, Carlson, & 

Chemtob, 1998; Paulus et al., 2013) in patients with PTSD. Concerning stimulated SNS 

activity, an increased norepinephrine response (Geracioti et al., 2008) and exaggerated 

responses in skin conductance, heart rate and epinephrine were shown in response to trauma-

related stimuli (Liberzon et al., 1999). SNS reactivity to a psychosocial stressor revealed no 

differences concerning blood pressure and heart rate (MacMillan et al., 2009; Zaba et al., 2015). 

However, a subgroup of patients with PTSD characterized by a low cortisol response showed 

higher heart rate in response to the stressor (Zaba et al., 2015). Results hint at differences in 

SNS reactivity to trauma-related versus psychosocial stress induction. Since the majority of 

studies used trauma-related stimuli, future studies using psychosocial stressors are needed.  

Regarding the HPA axis, basal cortisol levels tend to be lower in patients with PTSD 

compared with healthy participants (Meewisse, Reitsma, de Vries, Gersons, & Olff, 2007; 

Morris, Compas, & Garber, 2012). Studies investigating stimulated HPA axis activity revealed 

differences between studies using trauma-related stimuli and psychosocial stress induction. 

Studies using trauma-related stimuli showed increased cortisol reactivity (De Kloet et al., 2006; 

Elzinga et al., 2003). Studies using psychosocial stressors or cold pressor tests described a 

blunted cortisol response in patients with PTSD (Santa Ana et al., 2006; Wichmann, 

Kirschbaum, Bohme, & Petrowski, 2017; Zaba et al., 2015). Therefore, there is preliminary 

evidence of blunted cortisol reactivity to non-traumatic stress in patients with PTSD. 

GR expression and sensitivity and HPA axis feedback sensitivity have been additionally 

investigated in patients with PTSD. These studies show an increased glucocorticoid sensitivity 

in peripheral blood cells (Szeszko, Lehrner, & Yehuda, 2018; Yehuda, Golier, Yang, & 

Tischler, 2004). In line with these results, enhanced feedback sensitivity of the HPA axis using 

the dexamethasone test in patients with PTSD was revealed (Yehuda et al., 1993). It has been 



14 
 

suggested that blunted basal and stress induced cortisol release could be a consequence of 

enhanced GR binding in peripheral blood (Labonte, Azoulay, Yerko, Turecki, & Brunet, 2014). 

In addition, blunted cortisol levels might contribute to increased catecholamine output due to 

missing inhibitory effects of glucocorticoids on CRH release and therefore adrenergic system 

activation in patients with PTSD (see chapter 1.2. for further details on interaction of CRH and 

adrenergic system) (Zoladz & Diamond, 2013). 

But how does stress reactivity in PTSD relate to symptoms of PTSD? Reexperiencing and 

hyperarousal symptoms have been described as the result of failed inhibitory control over fear‐

induced arousal (Frewen & Lanius, 2006). High SNS activity might therefore be related to 

symptoms of hyperarousal. Another study showed descriptively higher dissociation severity in 

cortisol non-responders in PTSD patients (Wichmann et al., 2017).  

Taken together, lower basal and stimulated (psychosocial stress induction) cortisol and 

high resting SNS activity seem to characterize PTSD. Higher SNS activity and low cortisol in 

turn might be related to dissociation and increased arousal in patients with PTSD. As most 

studies used trauma-related stimuli, the investigation of the stress response to a psychosocial 

stressor gained less attention. Therefore, this dissertation project aims at investigating the 

physiological stress response in addition to the subjectively perceived stress response and 

dissociation in response to a psychosocial stressor in patients with PTSD. CT will be considered 

as a factor explaining variance in the stress response.   

 

1.2.2. Stress-regulating systems in BPD 

With regard to basal SNS activity, the majority of studies hint towards increased activity in 

patients with BPD, which is in line with results in patients with PTSD. Patients with BPD 

showed lower heart rate variability (HRV), indicating higher sympathetic activation (Koenig, 

Kemp, Feeling, Thayer, & Kaess, 2016; Weinberg, Klonsky, & Hajcak, 2009). In addition, 

higher baseline heart rate (Eddie et al., 2018) and elevated blood pressure in association with 

BPD have also been shown (Barber, Ringwald, Wright, & Manuck, 2019; Wingenfeld et al., 

2015). However, evidence for lower blood pressure or no differences in blood pressure have 

also been found (Duesenberg et al., 2019; Wingenfeld et al., 2018). Concerning SNS reactivity, 

results are contradictory. Several studies showed a blunted salivary alpha amylase (sAA), heart-

rate and blood pressure response after psychosocial stress induction (Aleknaviciute et al., 2016; 

Nater et al., 2010; Wingenfeld et al., 2018). Nevertheless, there are also studies describing no 

differences (Inoue et al., 2015; Simeon et al., 2007) or increased sAA reactivity in response to 

stress in patients with BPD (Ehrenthal, Levy, Scott, & Granger, 2018). Since trauma-related 
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stressors are uncommon in studies investigating stress reactivity in BPD, it is impossible to 

compare findings in BPD to findings in PTSD. 

Concerning basal HPA axis activity, studies have shown enhanced basal cortisol release in 

patients with BPD (Drews, Fertuck, Koenig, Kaess, & Arntz, 2019; Wingenfeld, Spitzer, 

Rullkötter, & Löwe, 2010; Zimmerman & Choi-Kain, 2009). Comorbid depressive symptoms 

and PTSD seem to strongly influence these results, with low cortisol in PTSD and increased 

cortisol in MDD (Wingenfeld, et al., 2010). Concerning HPA axis reactivity, we found, similar 

to patients with PTSD, a blunted cortisol release in response to a psychosocial stressor 

(Duesenberg et al., 2019). This is line with former studies reporting a blunted cortisol response 

(Deckers et al., 2015; Drews et al., 2019; Ehrenthal et al., 2018; Nater et al., 2010). However, 

a higher cortisol response in patients with BPD, and especially in those with high dissociation 

has also been shown (Simeon et al., 2007). Again, as trauma-related stressors are uncommon in 

studies investigating stress reactivity in BPD, no comparison to findings in PTSD is possible.  

Peripheral GR sensitivity appears to be under-investigated in patients with BPD, compared 

with findings in PTSD. There is some evidence for reduced GR expression and sensitivity 

(Martín-Blanco et al., 2014) and reduced feedback regulation of the HPA axis (Wingenfeld et 

al., 2010) in this patient group. However, enhanced sensitivity to glucocorticoids has also been 

proposed in patients with BPD (Wingenfeld et al., 2013; Wingenfeld & Wolf, 2015). Existing 

literature suggests two different subtypes of BPD. One subtype is characterized by trauma-

related symptoms with decreased to normal cortisol release and enhanced feedback sensitivity. 

The second proposed subtype is characterized by depression-related symptoms with enhanced 

cortisol release and reduced feedback sensitivity similar to findings in depressed patients 

(Wingenfeld, et al., 2010) (see figure 3). For the current dissertation project, the first proposed 

subtype, which is mainly characterized by trauma-related symptoms with decreased cortisol 

response and enhanced feedback sensitivity, is of particular interest.  

But how does stress reactivity in BPD relate to symptoms of BPD? One study described a 

higher subjective perceived stress response coupled with substantial cortisol and alpha-amylase 

(AA) hypo-reactivity in patients with BPD (Nater et al., 2010). In addition, authors of a meta-

analysis proposed that lower parasympathetic activation might explain difficulties in emotion 

regulation and impulsivity (Koenig et al., 2016). High basal SNS activity and low 

norepinephrine and cortisol stress reactivity might be related to increased negative mood and 

dissociation after exposure to a stressor. However, contradicting results have also been found 

(Simeon et al., 2007). 
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Taken together, results concerning SNS mainly point towards increased basal and 

stimulated activity in patients with BPD. Attenuated cortisol reactivity has additionally been 

shown. This might be related to increased negative mood and dissociation. Basal cortisol release 

and feedback sensitivity mainly depend on the subtype of BPD (see figure 3). 

 

Figure 3. Psychopathology of BPD and HPA axis dysregulation  

Psychopathology of BPD in two possible dimensions related to depressive symptoms and trauma-related symptoms according to (Katja 
Wingenfeld, Spitzer, Rullkötter, et al., 2010). 

 

1.2.3. Overlapping features of PTSD and BPD in stress-regulating systems  

In summary, blunted stimulated cortisol activity and high resting SNS activity are consistent 

results in both patient groups (see figure 4). HPA axis feedback regulation and basal cortisol 

release in patients with BPD, however, might depend on the subtype of BPD (see figure 3).  
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Figure 4. Clinical symptoms and stress-regulating systems in PTSD and BPD. 

Schematic representation of overlapping symptoms and characteristics of HPA axis, SNS and HPA axis feedback regulation in patients with 

PTSD and BPD. PTSD = Posttraumatic stress disorder, BPD = Borderline Personality disorder, SNS = Sympathetic nervous system, HPA axis 
= Hypothalamic-pituitary-adrenal axis.  
 

The question arises: which factors lead to decreased stimulated cortisol activity and high 

basal SNS activity as overlapping features in PTSD and BPD, possibly explaining symptoms 

such as dissociation and hyperarousal? CT as a possible factor will be reviewed in the next 

chapter.  

 

1.2.4. The role of CT in overlapping features of PTSD and BPD in stress-regulating 

systems 

What do we know about changes in the HPA axis and SNS in participants with CT? Concerning 

the SNS, results hint towards higher basal and stimulated SNS activity, in line with results 

described in patients with PTSD and BPD. Higher blood pressure in healthy participants with 

CT (Su et al., 2015) and higher heart rate in patients with PTSD related to childhood abuse have 

been shown (Bremner et al., 2003). In addition, increased sAA response to stress in relation to 

CT in healthy participants has also been reported (Kuras et al., 2017). Film clips displaying 

officers in highly stressful incidents resulted in increased catecholamine response in 

participants with CT with no current axis I disorder (Otte et al., 2005). However, a significant 

negative correlation between sAA release in response to a psychosocial stressor and severity of 

CT has been described in patients with BPD (Duesenberg et al., 2019). Again, studies using 
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trauma-related stimuli are common while psychosocial stress induction is less well examined 

in studies investigating CT. 

Concerning HPA axis functioning in participants with CT, most studies hint towards 

blunted basal and stimulated activity, similar to the findings described in PTSD and BPD. CT 

was related to blunted basal cortisol in healthy participants with CT (Kuras et al., 2017) and in 

patients with personality disorders (Flory et al., 2009). However, a recent meta-analysis of 

studies investigating CT in healthy individuals showed no differences in basal cortisol 

(Fogelman & Canli, 2018). Furthermore, an attenuated cortisol response to psychosocial stress 

was associated with CT in females without PTSD and BPD (Carpenter, Shattuck, Tyrka, 

Geracioti, & Price, 2011; MacMillan et al., 2009; Pierrehumbert et al., 2009) and in patients 

with BPD (Duesenberg et al., 2019) However, others revealed no differences in stimulated 

cortisol activity (Bremner et al., 2003; Fogelman & Canli, 2018) or a higher cortisol response 

to psychosocial stress in participants with CT (Heim et al., 2000). Since this effect of a higher 

cortisol response was particularly robust in women with current depressive symptoms, factors 

such as comorbid mood disorders seem to influence these results.  

An influence of CT on central GR downregulation has been proposed (McGowan et al., 

2009). This in turn changes the sensitivity of stress regulating systems to the inhibitory effects 

of glucocorticoids, leading to increased CRH production with increased HPA axis responses to 

stress (Heim et al., 2000; Meaney et al., 1996). These results suggest that central GR expression 

and binding might be reduced in participants with CT and might explain features of HPA axis 

and SNS. Initial results suggest decreased GR expression in peripheral blood in patients with 

BPD (Martín-Blanco et al., 2014), however increased GR expression in peripheral blood has 

been shown in veterans with PTSD (Szeszko et al., 2018; Yehuda et al., 2004). These findings 

suggest heterogeneous results concerning peripheral GR expression and sensitivity. GR 

sensitivity might differ between patients with PTSD and BPD due to trauma during adulthood 

and participants with CT. In addition, differences in the central nervous system (CNS) and 

peripheral blood might explain diverging results. However, these effects seem to be under-

investigated and further studies are needed. 

In summary, blunted stimulated cortisol activity and a high resting SNS activity are 

consistent findings in both patient groups and might be related to CT (see figure 4). HPA axis 

feedback regulation and basal cortisol release in patients with BPD, however, might depend on 

the subtype of BPD (see figure 3).  

As alterations in stress-regulating systems have been shown and these seem to be highly 

influenced by stress-relevant brain regions, alterations of stress-relevant brain regions in both 
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disorders might help explain symptoms such as affect dysregulation and dissociation. In 

addition, stress has damaging effects on the brain (Wingenfeld et al., 2010), especially during 

development (Lupien, McEwen, Gunnar, & Heim, 2009). Changes induced by CT are, 

therefore, likely to additionally involve stress-relevant brain regions, most importantly the 

hippocampus, the amygdala and the PFC (Oitzl et al., 2010). Therefore, in the following pages, 

I summarize findings on stress-relevant brain regions and their influence on cognitive and 

affective processes in both disorders and their association with CT.  

 

1.3. Stress-relevant brain regions in PTSD and BPD and the role of CT 

Since evidence suggests that chronic or repeated stress has damaging effects on the brain, a 

large body of research over the past few decades has made use of neuroimaging methods to 

investigate stress-associated disorders as PTSD and BPD. One technique that is often used to 

investigate neural activity is functional magnet resonance imaging (fMRI). FMRI makes use of  

the magnetic properties of haemoglobin and changes in oxygen concentration in the brain 

(Blood Oxygen Level Dependent (BOLD)). Inferences on neural activity can be indirectly 

drawn from the measured BOLD contrast (i.e. comparison of BOLD signal between 

conditions), based on the assumption that more active neurones have higher oxygen 

consumption (Dogil et al., 2002). In particular, neural activity during various affective and 

cognitive tasks in both patients with disorders and participants with CT have been investigated 

using this method. Many studies have also used resting state functional connectivity (RSFC), a 

method which compares the similarities of the BOLD signals from different brain regions to 

analyze which brain regions are co-activated and are, thus, functionally related to each other 

(Bijsterbosch, Smith, & Beckmann, 2017). However, heterogeneity among tasks is high and 

there is a lack of studies investigating neural activity during the same task in different disorders. 

In addition, the pattern or direction of change in RSFC in relation to different etiological factors 

and disorders is often inconsistent. Different processing steps for motion correction might 

influence direction of results and contribute to inconsistent findings (Marusak et al., 2016). 

Therefore, there is a need for studies investigating RSFC and task related activation in the same 

design across different patient groups. The current dissertation aims at investigating these issues 

in patients with PTSD and BPD.  

The hippocampus, the amygdala, and the PFC particularly interact to control stress-

regulating systems and emotional processes (Oitzl et al., 2010). Psychiatric research has 

therefore focused on the amygdala, a brain region mainly associated with fear conditioning 

(LeDoux, 2007) and the hippocampus, a brain region which has been most strongly implicated 
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in learning and memory (Sapolsky, 2000). The PFC, involved in planning and cognitive control 

of actions and thoughts (Miller & Cohen, 2001), is a further brain area of interest for the etiology 

of different disorders. RSFC between limbic and prefrontal regions has also been addressed 

(Marusak et al., 2016). 

Therefore, in the following I review findings revealing changes in these brain areas, starting 

with findings on (1) RSFC and followed by findings on (2) neural activity during various tasks 

in patients with PTSD and BPD and in participants with CT.  

 

1.3.1. Stress-relevant brain regions in PTSD 

Results concerning RSFC in patients with PTSD hint towards a less functionally connected 

hippocampus, increased amygdala anterior cingulate cortex (ACC) RSFC and decreased 

inhibition of the amygdala by the medial prefrontal cortex (mPFC). At a more detailed level, 

decreased hippocampus RSFC with the default mode network (Chen & Etkin, 2013) and 

decreased inhibition of amygdala by the mPFC and hippocampus (Shin, Rauch, & Pitman, 

2006) have been demonstrated. This is in line with the smaller hippocampal volumes that have 

consistently been shown in PTSD (O'Doherty, Chitty, Saddiqui, Bennett, & Lagopoulos, 2015; 

Pavić et al., 2007; Shin et al., 2006; Weniger, Lange, Sachsse, & Irle, 2009). Another study 

revealed decreased amygdala ventromedial PFC (vmPFC) RSFC (Stevens et al., 2013). 

Furthermore, stronger positive functional coupling between the amygdala and dorsomedial 

prefrontal cortex (dmPFC) and ACC (Brown et al., 2014) have been shown. Increased amygdala 

connectivity with the ACC might represent enhanced fear-related memory encoding in healthy 

participants (Hakamata et al., 2020). Therefore, an overactive amygdala with increased RSFC 

to ACC could explain processes such as increased attentional bias to fearful stimuli (El Khoury-

Malhame et al., 2011) and fear-generalization (Morey et al., 2015). 

Results regarding neural activity during different tasks suggest increased amygdala 

activation in patients with PTSD. Results for hippocampus and PFC regions have been more 

heterogeneous, with most studies describing lesser activation. In detail, amygdala activation 

during symptomatic states and in response to trauma-related stimuli was increased, while the 

PFC has been shown to be hyporesponsive in patients with PTSD (Shin et al., 2006). Another 

study suggested that amygdala activation and ACC habituation after trauma are predictive of 

development of PTSD symptoms (Stevens et al., 2017). Results concerning hippocampus 

associative learning showed higher (Brohawn, Offringa, Pfaff, Hughes, & Shin, 2010) and 

lesser activation (Bremner et al., 2003). A recent review, however, suggests that deficits due to 

decreased hippocampal function and connectivity in associative-learning is a risk factor for 
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PTSD development (Lambert & McLaughlin, 2019). Decreased hippocampus activation has 

been associated with memory deficits described in PTSD, including semantic memory and 

autobiographical memory (AM) retrieval (Wingenfeld et al., 2012). Diminished PFC activation 

has been associated with an impairment in attentional control (Rauch, Shin, & Phelps, 2006), 

working memory performance (McDermott et al., 2016), cognitive inhibition (Clausen et al., 

2017) and AM and semantic memory performance (Wingenfeld et al., 2012).  

Taken together, findings suggest that the combination of hypo-responsive prefrontal brain 

areas, an overactive amygdala with increased ACC and decreased PFC RSFC, and a less active 

and smaller hippocampus characterize patients with PTSD. This might result in poor cognitive 

control and a low threshold for perceived salience.  

 

1.3.2. Stress-relevant brain regions in BPD 

Results in patients with BPD suggest increased RSFC of amygdala to insula, orbitofrontal 

cortex (OFC) and putamen and increased amygdala and hippocampus RSFC with ACC. In 

detail, patients with BPD exhibit stronger connectivity between the amygdala and a cluster 

comprising the insula, OFC, and putamen (Krause-Utz et al., 2014). In addition, high resting 

state activity in the left hippocampus and amygdala, with increased RSFC with the ACC was 

described in patients with BPD, suggesting that the amygdala is overactive at rest (Salvador et 

al., 2016). Studies investigating structural differences in patients with BPD described amygdala, 

hippocampus and ACC volume reduction in line with results on RSFC in these brain regions 

(Wingenfeld, et al., 2010). Hyperconnectivity of the amygdala might be related to affective 

hyperarousal (Salvador et al., 2016). 

Concerning neural activity during various tasks, results hint towards amygdala 

hyperactivation and ACC and hippocampus hypoactivation. In detail, limbic hyperactivation 

similar to that of patients with PTSD has been shown in patients with BPD (Donegan et al., 

2003; Schulze, Schulze, Renneberg, Schmahl, & Niedtfeld, 2019).  A failure of activation of 

the ACC has been shown in patients with BPD, possibly further explaining affect dysregulation 

(Schmahl, Vermetten, Elzinga, & Bremner, 2004). Another positron emission tomography 

(PET) study reported PFC hypermetabolism and hippocampus hypometabolism (Juengling et 

al., 2003). Accordingly, prefrontal and hippocampus functioning might be related to cognitive 

deficits such as decreased AM retrieval, declarative memory retrieval (Wingenfeld et al., 2013), 

working memory performance (Stevens, Burkhardt, Hautzinger, Schwarz, & Unckel, 2004), 

executive control (Hagenhoff et al., 2013) and decreased explicit emotion regulation in patients 

with BPD (Schulze et al., 2011). 
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In summary, increased amygdala RSFC to ACC, OFC, insula and putamen,  

hyperactivation of the amygdala and ACC, and hippocampus hypoactivation characterize 

patients with BPD. This might partly explain the hyperarousal-affective dysregulation 

syndrome.  

 

1.3.3. Overlapping features of PTSD and BPD in stress-relevant brain regions 

The overlapping features that characterize both PTSD and BPD are amygdala hyperactivation, 

increased amygdala ACC RSFC, and hippocampus hypoactivation (see figure 5). Overlapping 

characteristics in both disorders might partially explain affect dysregulation. Consequently, the 

question arises whether the presence of CT might explain the overlap in amygdala 

hyperactivation, increased amygdala ACC RSFC and hippocampus hypoactivation? 

 

Figure 5. Clinical symptoms, stress-regulating systems and stress-relevant brain regions in 

PTSD and BPD. 

Schematic representation of overlapping symptoms and characteristics of HPA axis, SNS and HPA axis feedback regulation and neuroimaging 

findings in patients with PTSD and BPD. PTSD = Posttraumatic stress disorder, BPD = Borderline Personality disorder, SNS = Sympathetic 
nervous system, HPA axis = Hypothalamic-pituitary-adrenal axis, PFC = Prefrontal cortex, ACC = Anterior cingulate cortex, RSFC = Resting 

state functional connectivity.  
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1.3.4. The role of CT in overlapping features of PTSD and BPD in stress-relevant brain 

regions  

Overlapping features of stress-relevant brain regions in both disorders are in line with results in 

participants with CT. A recent meta-analysis of studies examining amygdala RSFC in relation 

to internalizing symptoms or risk factors such as CT, irrespective of disease status, revealed 

changes in amygdala ACC RSFC (Marusak et al., 2016). However, results regarding the  pattern 

of amygdala ACC RSFC were heterogeneous, with some studies reporting increased RSFC 

while others reported decreased RSFC (Marusak et al., 2016). Additionally, a hyperactive 

amygdala (McCrory et al., 2013) and a hypoactive (Lambert et al., 2017) and smaller 

hippocampus (Calem, Bromis, McGuire, Morgan, & Kempton, 2017) have been shown in 

participants with CT.  

In summary, both disorders displayed altered amygdala ACC RSFC (with an inconsistent 

pattern of direction), amygdala hyperactivation, and a smaller and hypoactive hippocampus. 

These features are also related to CT. Given that overlapping features in stress-regulating 

systems and stress-relevant brain regions have been shown in both disorders, and furthermore, 

to be associated with CT, the question arises: how do stress-regulating systems and stress-

relevant brain regions interact in patients with PTSD and BPD? Studies investigating these 

issues have been scarce until recently. In the following section, I review the existing literature 

concerning the influence of stress or glucocorticoids on RSFC and on cognitive processes and 

their associated neural activity, in patients with PTSD and BPD and in participants with CT.  

 

1.4. Stress-brain interaction in PTSD and BPD and the role of CT  

As stated above, chronic or repeated stress has damaging effects on the brain, especially during 

development (Lupien et al., 2009). But what are the consequences of acute glucocorticoid 

exposure on neural activity in patient with PTSD or BPD and in participants with CT?  

In the following section, I focus on results concerning effects of glucocorticoids on memory 

processes and its related brain regions, in both disorders and in participants with CT. Before 

delving into results concerning both disorders and participants with CT, I give a brief overview 

of the influence of stress hormones on neural activity and memory processes in healthy 

participants without CT.  

The hippocampus (Sala et al., 2004), the amygdala (Mitra, Jadhav, McEwen, Vyas, & 

Chattarji, 2005), the PFC (Oei et al., 2007) and their connectivity (Henckens, van Wingen, 

Joels, & Fernandez, 2012; Hermans et al., 2014; Kruse, León, Stalder, Stark, & Klucken, 2018) 

are influenced by stress neuromodulators, such as cortisol, and these brain areas are rich in 
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corticosteroid receptors. Hydrocortisone leads to decreased negative RSFC of the amygdala to 

the middle frontal and temporal gyrus, possibly leading to a decreased influence of the 

amygdala on other brain structures (Henckens et al., 2012). Additionally, hydrocortisone 

provokes a reduced activation of the hippocampus and amygdala (Lovallo, Robinson, Glahn, 

& Fox, 2010). We previously investigated neural activity during AM retrieval after 

hydrocortisone administration in healthy participants, and found reduced activation in the 

anterior medial PFC (amPFC) (Fleischer et al., 2019). With regard to the effect of stress on 

memory processes in healthy participants, results showed, (to summarize briefly) an 

improvement in encoding and a deterioration in memory retrieval (Shields, 2020). 

Glucocorticoids seem to drive these effects (De Quervain, Schwabe, & Roozendaal, 2017).  

The following chapters summarize literature on the influence of glucocorticoids on neural 

activity and functional connectivity and memory retrieval, in both patient groups and 

participants with CT.  

 

1.4.1. Stress-brain interaction in PTSD 

No study has yet investigated the influence of glucocorticoids on RSFC in patients with PTSD. 

Studies investigating the influence of glucocorticoids on neural activity and on memory 

retrieval in patients with PTSD are rare. A study using imaging techniques in patients with 

PTSD did not show any hydrocortisone-associated impairment in recall or retention in a 

declarative memory test. PET showed that patients with PTSD have a hydrocortisone-

associated increase in hippocampal [18F]FDG uptake under resting state conditions (Yehuda et 

al., 2010). Another study revealed similar opposing effects of hydrocortisone on glucose 

metabolic rate in amygdala, hippocampus and ACC (Yehuda et al., 2009). In line with these 

results, one of our previous studies showed that hydrocortisone improved memory retrieval in 

patients with PTSD, in contrast to healthy participants, who showed attenuated memory 

retrieval (Wingenfeld et al., 2012). Similar results in aging veterans have been described 

(Yehuda, Harvey, Buchsbaum, Tischler, & Schmeidler, 2007). Dexamethasone also impaired 

memory retrieval in healthy participants, while no such effect was seen in patients with PTSD 

(Bremner et al., 2004). However, another study showed a greater decline in verbal declarative 

memory retention after hydrocortisone treatment in patients with PTSD than in healthy 

participants. The authors, however, reported an inverse relationship between lymphocyte GR 

density and working memory performance in patients with PTSD (Grossman et al., 2006). 

These results suggest that GR expression may be particularly relevant to memory processes. 

Taken together, results suggest that hydrocortisone has opposing effects in patients with PTSD 
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and healthy participants: improved memory retrieval and activation of related brain regions in 

patients with PTSD, versus attenuated memory retrieval and activation in related brain regions 

in healthy participants. As yet, however, no study has investigated neural activity during 

memory retrieval in patients with PTSD. Neither has any study investigated the effect of 

hydrocortisone on RSFC in patients with PTSD. Therefore, a further aim of the current 

dissertation project is to investigate the effects of glucocorticoids on RSFC and on neural 

activity during memory retrieval in patients with PTSD.  

 

1.4.2. Stress-brain interaction in BPD 

Far less attention has been given to the effect of glucocorticoids in patients with BPD. No 

imaging study to date has investigate the effect of glucocorticoids in patients with BPD. As in 

patients with PTSD, it has been shown that patients with BPD showed improved memory 

retrieval after hydrocortisone administration, in contrast to to healthy participants, who showed 

decreased memory performance (Wingenfeld et al., 2013). Given that patients with PTSD and 

BPD showed similar results, the authors speculated that these effects might be related to 

traumatic experiences, more specifically to CT (see figure 6). Mineralocorticoid receptor (MR) 

stimulation with fludrocortisone resulted in no such effect in patients with BPD (Fleischer et 

al., 2015), again suggesting that the result might be related to GR expression. As imaging 

studies investigating the effect of glucocorticoids in patients with BPD are still lacking, a further 

aim of the current dissertation project is to investigate the effects of glucocorticoids on neural 

activity during memory retrieval and on RSFC in patients with BPD.  

 

Figure 6. Psychopathology in two possible dimensions, HPA axis dysregulation and the effect 

of cortisol on memory retrieval. 

Psychopathology in two possible dimensions related to depressive symptoms and trauma-related symptoms resulting in differences in HPA 

axis regulation and effects of exogenous cortisol on memory retrieval according to (Katja Wingenfeld, Spitzer, Rullkötter, et al., 2010). 
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1.4.3. Overlapping features of PTSD and BPD in the stress-brain interaction  

As stated above, previous studies suggest an increase, in terms of normalization, in memory 

retrieval in patients with PTSD and BPD following hydrocortisone administration (Wingenfeld 

et al., 2013; Wingenfeld et al., 2012) and provide evidence for an enhancing effect of 

hydrocortisone on neural activity, at least in patients with PTSD (Yehuda et al., 2010). As some 

authors have speculated that these effects might be related to CT (Wingenfeld et al., 2013; 

Wingenfeld et al., 2012), the next chapter reviews the role of CT in the enhancing effects of 

hydrocortisone.  

 

Figure 7. Clinical symptoms, stress-regulating systems, stress-relevant brain regions and the 

stress-brain interaction in PTSD and BPD. 

Schematic representation of overlapping symptoms and characteristics of HPA axis, SNS and HPA axis feedback regulation, neuroimaging 

findings and effects of glucocorticoids in PTSD and BPD. SNS = Sympathetic nervous system, HPA axis = Hypothalamic-pituitary-adrenal 

axis, GR = Glucocorticoid receptor, PTSD = Posttraumatic Stress Disorder, BPD = Borderline Personality Disorder, PFC = Prefrontal cortex, 
ACC = Anterior cingulate cortex, RSFC = Resting state functional connectivity. 
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1.4.4. The role of CT in overlapping features of PTSD and BPD in the stress-brain 

interaction  

Since patients with PTSD and patients with BPD both report a high rate of CT, the authors 

suggest that hydrocortisone administration might lead to a normalization of memory retrieval 

processes in these patient groups with CT (Wingenfeld et al., 2013; Wingenfeld et al., 2012). 

Previous findings in rats supports this view. Long-term potentiation (LTP) is impaired and 

number of hippocampal MRs and GRs is reduced in adult rodents with low maternal care 

experiences. Glucocorticoid treatment enhanced LTP in these animals, but impaired LTP in 

control animals with high maternal care experiences (Champagne et al., 2008). Therefore, 

hydrocortisone may normalize HPA axis functioning and LTP caused by changes in MR and 

GR functioning in participants with CT, but has impairing effects in healthy participants without 

CT.  

Taken together, findings suggest that low maternal care or CT may affect MR and GR 

density in the hippocampus. This might lead to opposing effects of glucocorticoids on memory 

retrieval and on neural activity in patients with PTSD and BPD. Figure 7 gives an overview of 

overlapping symptoms, characteristics of stress-regulating systems and stress-relevant brain 

regions and effects of glucocorticoids in PTSD and BPD. 

The following chapter summarizes these findings in patients with PTSD and BPD and their 

association with CT. In addition, I outline which research questions still need to be addressed 

to better describe overlapping alterations in stress-regulating systems, stress-relevant brain 

regions and their interplay in patients with PTSD and BPD, and to understand the role of CT as 

mutual environmental and possible causal factor.  

 

1.5. Summary and open questions  

PTSD and BPD share symptoms such as affect dysregulation and dissociation and show a high 

prevalence of CT. In addition, high basal SNS activity and a blunted cortisol stress response to 

psychosocial stress characterize both patient groups and participants with CT. Furthermore, a 

BPD trauma-related subtype shows additional overlapping features such as low basal cortisol 

and enhanced feedback regulation of the HPA axis. However, HPA axis and SNS reactivity in 

response to a psychosocial stressor are less well investigated in patients with PTSD. So far, 

many studies used trauma-related stimuli.  

Concerning neuroimaging studies, results hint towards an overactive amygdala with 

disrupted ACC functional connectivity and a hypoactive hippocampus in all three groups. This 

might partly be related to fear generalization and threat anticipation. However, studies 
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investigating hippocampus RSFC have yielded heterogeneous results, and no study to date has 

examined hippocampus and amygdala RSFC in the same design in patients with PTSD and 

BPD. Nor has any study investigated the influence of glucocorticoids on RSFC in patients with 

PTSD and BPD.  

Hydrocortisone has opposing effects on memory retrieval in healthy participants as 

compared to patients with PTSD and BPD: improved retrieval in patients with PSTD and BPD, 

but attenuated memory performance in healthy participants. No imaging study has yet 

investigated the effect of glucocorticoids on neural activity during memory retrieval in patients 

with BPD and PTSD.  

In the following, I outline how the current dissertation project aims at investigating these 

open questions.  

2. Aims and design of the dissertation project 

The main aim of this dissertation project is to further illuminate common and distinct features 

of PTSD and BPD, and to investigate the role of CT as one factor explaining variance in 

strongly overlapping features. To do so, study one of the current dissertation project focusses 

on stress-regulating systems, study two and three on stress-relevant brain regions and their 

interaction with stress-regulating systems. In brief, the three studies of the current dissertation 

project investigated: 

 

1) HPA axis and SNS reactivity to psychosocial stress in patients with PTSD (Metz et al., 

2020).  

Metz, S., Duesenberg, M., Hellmann-Regen, J., Wolf, O. T., Roepke, S., Otte, C., & 

Wingenfeld, K. (2020). Blunted salivary cortisol response to psychosocial stress in women 

with posttraumatic stress disorder. Journal of Psychiatric Research. 

 

2) Amygdala and hippocampus RSFC and the influence of hydrocortisone administration on 

amygdala and hippocampus RSFC in patients with PTSD and BPD (Metz, et al., 2019).  

Metz, S., Fleischer, J., Grimm, S., Gärnter, M., Golde, S., Duesenberg, M., Roepke, S., 

Wolf, OT., Otte, C. & Wingenfeld, K. (2019). Resting-state functional connectivity after 

hydrocortisone administration in patients with post-traumatic stress disorder and 

borderline personality disorder. European Neuropsychopharmacology, 29(8), 936-946. 
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3) The influence of hydrocortisone on neural activity during AM retrieval in patients with 

PTSD and BPD (Metz, et al., 2019).  

Metz, S., Fleischer, J., Gärnter, M., Golde, S., Duesenberg, M., Roepke, S., Wolf, OT., 

Otte, C. & Wingenfeld, K. (2019). Effects of hydrocortisone on autobiographical memory 

retrieval in patients with posttraumatic stress disorder and borderline personality 

disorder: the role of childhood trauma. Neuropsychopharmacology, 44(12), 2038-2044. 

 

In all three studies, CT was investigated as a potential causal factor explaining variance.  

Figure 8 summarizes very concisely the aims of the current dissertation project, and the 

following chapter outlines the rationale, research questions and hypotheses in more detail.  

 

Figure 8. Aims of the current dissertation project in a nutshell.  

PTSD = Posttraumatic stress disorder, RSFC = resting state functional connectivity, BPD = Borderline personality disorder, CT = childhood 

trauma.  

 

2.1. Research questions and hypothesis 

Research questions and corresponding hypothesis of each study are formulated in detail below. 

The rational and study design to address these specific hypotheses are also outlined.  

 



30 
 

2.1.1.  Study 1: Psychophysiological stress response in PTSD 

As stated above (chapter 1.2.1.), studies investigating the response to psychosocial stress in 

patients with PTSD are rare, as most studies have used trauma-related stimuli. There is initial 

evidence for attenuated reactivity of the HPA axis to psychosocial stress in patients with PTSD. 

Psychosocial stress-induced changes of the SNS are even less well investigated and results are 

heterogeneous. In response to trauma-related stressors, patients with PTSD revealed increased 

SNS activity. Therefore, the aim of study one is to (1) investigate the physiological and 

subjectively perceived stress response to a psychosocial stressor in female patients with PTSD. 

In addition, (2) the role of CT in HPA axis and SNS functioning in female patients with PTSD 

will be examined. The following hypotheses were formulated:    

 

Hypotheses  

(1) Female patients with PTSD show a blunted cortisol response but enhanced SNS  

activity in response to a psychosocial stressor compared with healthy women. (2) The cortisol 

response correlates negatively and SNS reactivity correlates positively with severity of CT in 

patients with PTSD.  

 

2.1.2.  Study 2: Hippocampus and amygdala RSFC in PTSD and BPD 

There is growing evidence for disrupted amygdala ACC RSFC (chapter 1.3.1.) in both PTSD 

and BPD, and in participants with CT. Results concerning hippocampus RSFC have been 

heterogeneous. Hippocampus and amygdala RSFC have not been investigated in the same 

design in patients with PTSD and BPD. In addition, no study to date has examined the influence 

of hydrocortisone on amygdala and hippocampus RSFC in both patient groups. Therefore, the 

aim of study two was: (1) to investigate differences in hippocampus and amygdala RSFC in 

female patients with PTSD and in female patients with BPD and (2) to examine in an 

explanatory manner the effects of hydrocortisone administration on hippocampus and amygdala 

RSFC in female patients with PTSD, in female patients with BPD, and in healthy women. In 

addition, (3) the role of CT in RSFC and in the influence of hydrocortisone on RSFC will be 

examined. The following hypotheses were formulated: 

 

Hypotheses  

(1) Hippocampus and amygdala RSFC differ in female patients with PTSD and female patients 

with BPD, compared with healthy women. (2) Differences in amygdala and hippocampus RSFC 

correlate with severity of CT. (3) Effects of hydrocortisone administration on amygdala and 
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hippocampus RSFC differ between healthy women and female patients with PTSD and BPD, 

and correlate with severity of CT.  

 

2.1.3. Study 3: Effects of hydrocortisone on autobiographical memory retrieval in PTSD 

and BPD 

Patients with PTSD and BPD showed improved memory retrieval performance after 

hydrocortisone administration, in contrast to healthy participants, who showed decreased 

memory retrieval performance (chapter 1.4.1. and 1.4.2.). Similar results have been reported 

for participants with CT. Therefore, the aim of study three was to investigate neural activity 

during AM retrieval after hydrocortisone administration in female patients with PTSD and in 

female patients with BPD, as compared with healthy women. Furthermore, the role of CT in 

these processes will be examined. The following hypotheses were formulated: 

Hypotheses  

Hydrocortisone administration leads to the following: (1) reduced activation of the AM related 

brain regions, hippocampus, PFC, ACC, posterior cingulate cortex (PCC), and the superior and 

middle temporal gyri in healthy women. (2) An increased activation of these brain regions in 

female patients with PTSD and in female patients with BPD and (3) CT correlates positively 

with increased activation of these brain regions following hydrocortisone administration. 

 

2.2. Rationale of the three studies 

In this chapter the rationale of the three studies will be outlined. Study designs and procedures 

will be described, to explain how they extend existing literature (chapter 1) and how they aim 

to answer the hypotheses of the current dissertation project (chapter 2.1.).  

All studies were conducted at the Charité - Universitätsmedizin Berlin, Klinik für 

Psychiatrie und Psychotherapie, Campus Benjamin Franklin, Germany. The studies were 

carried out in accordance with the latest version of the Declaration of Helsinki. Written 

informed consent was obtained from all participants prior to participation. The studies were 

approved by the local ethics committee. All studies were supported by Deutsche 

Forschungsgemeinschaft (DFG) [DFG-Grant WI 3396/2–3 to KW, OTW and CO].  

 

2.2.1. Participants 

We recruited inpatients and outpatients at the Charité Universitätsmedizin Berlin, Klinik für 

Psychiatrie und Psychotherapie, Campus Benjamin Franklin, Germany. Outpatients and healthy 
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women were recruited via online advertisement and received financial remuneration (100 

euros). We assessed psychiatric diagnosis by Structured Clinical Interview for DSM-IV axis I 

and II (SCID) (Wittchen, Zaudig, & Fydrich, 1997). Exclusion criteria were central nervous 

system, autoimmune or somatic diseases, metabolic or endocrine disorders, infections at the 

time of study participation, pregnancy, and a body mass index (BMI) below 17.5 and above 30 

kg/m2. Further exclusion criteria for healthy women were any DSM-IV axis I or axis II disorder, 

a history of psychiatric or psychotherapeutic treatment as well as intake of any medication. 

Further exclusion criteria for female patients with PTSD (all studies) and patients with BPD 

(study two and three) were current episode of major depressive disorder, schizophrenia, 

schizoaffective disorder, bipolar disorder, anorexia, alcohol or drug dependency. Any 

participants with fMRI contraindications (e.g., non-removable metals) were also excluded in 

study two and three.  

In all three studies we used the childhood trauma questionnaire (CTQ) to assess traumatic 

childhood experiences (Bernstein, Ahluvalia, Pogge, & Handelsman, 1997; Wingenfeld et al., 

2010). PTSD symptoms according to the DSM-IV were assessed using Post-traumatic Stress 

Diagnostic Scale (PDS-r) (Foa, 1995). We used the Borderline Symptom List (BSL-23) to 

measure severity of borderline symptoms (Bohus et al., 2009). Figure 9 illustrates the study 

design of study one and figure 10 illustrates the study design of study two and three (for 

additional study specific questionnaires see chapter 3-5). 

 

2.2.2 Procedure  

All three studies were placebo-controlled crossover designs. In the first study (psychosocial 

stress reactivity in patients with PTSD) participants were randomized to TSST or control 

condition. The second and third study (imaging studies), involving hydrocortisone and placebo 

administration, were part of the same project and double-blinded. In all three studies, 

participants underwent the treatment and placebo condition with at least a one-week interval 

between them.  

The TSST incorporates a preparation phase, a job interview, and an arithmetic task in front 

a committee and participants are told that they would be recorded by a video camera (overall 

duration 20 minutes) (Kirschbaum et al., 1993). The placebo TSST (P-TSST) does not include 

stressful components but is otherwise similar to the TSST (Het, Rohleder, Schoofs, 

Kirschbaum, & Wolf, 2009) (see figure 9 for details on study procedure). 
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Figure 9. Study design of study one.  

Saliva collection: 15 minutes before, immediately before (0 minutes), and 20, 30, 45 and 80 minutes after TSST and P-TSST. Abbreviations: 

TSST = Trier social stress test, P-TSST = Placebo trier social stress test, sAA = salivary alpha amylase activity. 
 

In the imaging studies, 10 mg hydrocortisone GALENⓇ was administered to investigate the 

influence of glucocorticoids on RSFC and on neural activity during AM retrieval. 

Hydrocortisone is a synthetic glucocorticoid, which binds to GR and MR. Time of 

administration was based on the pharmacodynamics of the drug: according to the summary of 

product characteristics, hydrocortisone peaks within one hour and has an elimination half-life 

of 1 ½ hours. An identical looking placebo was administered at the same respective times (see 

figure 10 for details on study procedure). 

 

Figure 10. Study design of study two and three.  

Saliva collection: 15 minutes before, immediately before (0 minutes), and 60, 120 and 135 minutes after placebo or hydrocortisone 

administration. Abbreviations: AMT = Autobiographical memory test, RSFC = Resting state functional connectivity, fMRI = functional magnet 

resonance imaging, sAA = salivary alpha amylase activity. 

 

2.2.3. Autobiographical memory test (AMT) 

The AMT for fMRI scanning was first used and designed by Young et al. (Young et al., 2012). 

The AMT is a memory test in which cue words are presented and participants are instructed to 

recall a specific memory in response to the cue word. We adapted the version of Young et al. 

for the current study. We used two versions of the AMT, both of which contained 25 adjectives 
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as cue words. Both versions were counterbalanced across conditions and stimuli were presented 

in randomized order. Similarly to Young et al. (Young et al., 2012), positive, neutral or negative 

cue words were presented and participants were instructed to recall a specific event from their 

past in response to the cue words. Cue words were presented for 15 s. In response to the cue 

word, participants had to indicate whether they found a fitting memory via button press on the 

response box. A fixation cross was then presented for 10 s during which the participants were 

instructed to recall the AM. Female patients and healthy women then rated valence, arousal, 

and recency of the retrieved memory by pressing the corresponding button on the response box 

(see figure 11). A simple arithmetic problem was used as a distractor task. Participants 

underwent three practice trials outside the scanner.  

 

Figure 11. AMT. 

Schematic representation of the autobiographical memory test. AMT = Autobiographical memory test.  

 

2.2.4. Measurement of saliva sampling, blood pressure and heart rate 

We used Salivette® collection devices (Sarstedt, Germany) to sample saliva. Samples were 

stored at -80 °C. Biochemical analysis were performed in the Neurobiology Laboratory of the 

Dept. of Psychiatry, Charité – Universitätsmedizin Berlin, Germany. We analyzed cortisol 

using an adapted homogenous time-resolved fluorescence resonance energy transfer (HTR-

FRET)-based competitive immunoassay (Duesenberg et al., 2016). Salivary alpha amylase 

(sAA) activity was analyzed with modifications as previously described (Rombold et al., 2016).  

Blood pressure and pulse rate were assessed in all three studies. The automatic device boso 

medicus uno from Bosch Sohn Germany was used for this purpose in all three studies. 



35 
 

Participants were seated in a standardized position and were instructed to refrain from 

movement during measurement.   

2.2.5. Measurement of brain imaging  

The software Presentation (Neurobehavioral Systems, Inc.) and the audio-visual stimulation 

technology VisuaStim Digital (Resonance Technology Company, Inc.) were used to present 

stimuli. A Siemens Magnetom TrioTim (3T) scanner with a 12-channel receiver coil array and 

an echoplanar imaging (EPI) pulse sequence (3.0 mm slices acquired sagittally, repetition 

time = 2000 ms, echo time = 30 ms, flip angle = 70°, matrix = 64 × 64, field of view = 192 mm, 

voxel size = 3 × 3 × 3 mm) was used to obtain scans. 180 EPI images were acquired during 

resting state scans. Number of EPI images during the AMT varied depending on the number of 

recalled memories with a maximum of 900 EPI images. For co-registration, high-resolution T1-

weighted anatomical MRI scans were acquired.  

 

Having introduced the aims, design and rationale of the three studies, I will now present 

the original publication of these studies (chapter 3, 4, and 5). Supplementary material of study 

one and three of the original publications can be found in the appendix. 
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3. Study 1: Psychophysiological stress response in PTSD 

 

 

 

 

 

 

 

 

Blunted salivary cortisol response to psychosocial stress in women with 

posttraumatic stress disorder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter was published as:  

Metz, S., Duesenberg, M., Hellmann-Regen, J., Wolf, O. T., Roepke, S., Otte, C., & Wingenfeld, K. (2020). 

Blunted salivary cortisol response to psychosocial stress in women with posttraumatic stress disorder. 

Journal of Psychiatric Research, 130, 112-119. 

DOI: 10.1016/j.jpsychires.2020.07.014 

https://doi.org/10.1016/j.jpsychires.2020.07.014  
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4. Study 2: Hippocampus and amygdala RSFC in PTSD and BPD  

 

 

 

 

 

 

Resting-state functional connectivity after hydrocortisone administration in 

patients with post-traumatic stress disorder and borderline personality 

disorder 

 

 

 

 

 

 

 

 

 

 

This chapter was published as:  

Metz, S., Fleischer, J., Grimm, S., Gärnter, M., Golde, S., Duesenberg, M., ... & Wingenfeld, K. (2019). 

Resting-state functional connectivity after hydrocortisone administration in patients with post-

traumatic stress disorder and borderline personality disorder. European Neuropsychopharmacology, 

29(8), 936-946. 

DOI: 10.10116/j.euroneuro.2019.05.008 
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5. Study 3: Effects of hydrocortisone on autobiographical memory retrieval in PTSD 

and BPD 

 

 

 

 

 

 

 

 

Effects of hydrocortisone on autobiographical memory retrieval in patients 

with posttraumatic stress disorder and borderline personality disorder: the 

role of childhood trauma 
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Effects of hydrocortisone on autobiographical memory retrieval in patients with posttraumatic stress 

disorder and borderline personality disorder: the role of childhood trauma. 

Neuropsychopharmacology, 44(12), 2038-2044. 

DOI: 10.1038/s41386-019-0459-8 
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6. General Discussion 

The main aim of this dissertation project was to further illuminate overlapping features of PTSD 

and BPD in stress-regulating systems, stress-relevant brain regions and their interplay to better 

explain the evolution of clinical symptoms, such as affect dysregulation and dissociation, that 

characterize both disorders. As a secondary aim, the role of CT as one factor explaining variance 

in especially overlapping features was examined. We, therefore, conducted the three above 

described studies. Results of this dissertation project are as follows: First, female patients with 

PTSD were characterized by a blunted cortisol response to a psychosocial stressor, compared 

to healthy women. Measure of cortisol changes over time in response to a psychosocial stressor 

correlated negatively with severity of CT. SNS reactivity was not increased in female patients 

with PTSD; we found evidence for a less pronounced sAA response to the TSST. No association 

with CT was found. In only partial agreement with previous findings suggesting higher basal 

SNS activity in patients with PTSD, we found a trend for higher basal diastolic blood pressure 

in patients with PTSD, but no differences in sAA activity or systolic blood pressure. Secondly, 

hippocampus dmPFC RSFC is reduced in female patients with PTSD and BPD. Hippocampus 

dmPFC RSFC correlated negatively with severity of CT and clinical symptoms. There were no 

differences between female patients with PTSD and BPD and healthy women in amygdala 

RSFC. In addition, there was no influence of hydrocortisone on either amygdala or 

hippocampus RSFC, nor was there an interaction of hydrocortisone with group. Thirdly, female 

patients with PTSD and BPD and healthy women did not differ in their neural activity during 

AM retrieval, neither in the placebo condition nor after hydrocortisone administration. Severity 

of CT correlated with a hydrocortisone induced pattern of neural activity.  

Figure 12 depicts a summary of results.  
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Figure 12. Summary of results (study 1, 2 and 3). 

 
Schematic representation of findings in PTSD and BPD of the current dissertation project. CT = Childhood trauma, PTSD = Posttraumatic 

stress disorder, BPD = Borderline personality disorder, dmPFC = Dorsomedial prefrontal cortex, RSFC = Resting state functional connectivity, 

AM = Autobiographical memory. 
  

In the following chapters (chapter 6.2.1, 6.2.2., 6.2.3. and 6.2.4.), the findings related to HPA 

axis, SNS, amygdala and hippocampus RSFC, and to hydrocortisone induced AM-related 

neural activity pattern in patients with PTSD and BPD, will be discussed in the light of the 

existing body of literature. In each of these chapters, I only shortly address the role of CT as 

one factor explaining differences between patient groups and healthy participants. Chapter 6.3. 

then focusses explicitly on the role of CT to integrate results into a theoretical model revealing 

mechanisms that link CT and the psychopathology of PTSD and BPD. Chapter 6.4. delineates 

these results’ implications for future research. Finally, the conclusion of this dissertation project 

(chapter 6.5.) summarizes the main findings. Prior to discussing the findings of the current 

dissertation project, the following chapter summarizes strengths and limitations of the three 

studies, which should be kept in mind while reading the discussion. 

 

6.1.  Strengths and limitations of the studies  

The following strengths and limitations should be borne in mind while interpreting the results.  

Strengths: In all three studies, the majority of patients were unmedicated and had very few 

comorbid mental disorders. Major depressive disorder as a comorbidity was an exclusion 
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criteria because it affects HPA axis regulation (Wingenfeld et al., 2013). Furthermore, all three 

studies used within-subject designs including a non-stressful control condition or a placebo 

condition for comparison. This reduces error variance resulting from natural variance between 

individuals. In addition, all three studies had comparatively large sample sizes, with an overall 

sample size of 50 participants in study one and over 70 participants in both studies two and 

three. This is especially worth mentioning as previously only one study had investigated the 

influence of glucocorticoids on memory retrieval and neural activity in patients with PTSD, and 

that included only 12 patients with PTSD (Yehuda et al., 2010). All three studies only included 

female patients with PTSD and BPD and healthy women, and groups did not differ in menstrual 

cycle phase. Former studies reported sex differences in the stress response in both healthy 

participants and patients (Kudielka, Buske-Kirschbaum, Hellhammer, & Kirschbaum, 2004; 

Paris et al., 2010), in amygdala RSFC (Wu et al., 2016) and in the association of cortisol and 

amygdala RSFC (Kogler et al., 2016). Furthermore, an impact of menstrual cycle on cortisol 

output has been suggested (Wolfram, Bellingrath, & Kudielka, 2011). We therefore reduced 

variance related to menstrual cycle and gender. In addition, the group of patients with PTSD 

and BPD included a high number of women who had experienced sexual abuse before the age 

of 18. The homogeneity of the sample considering type of trauma can be interpreted as a further 

strength of the study   

Limitations: First, there are several limitations that concern all studies. Since we only 

included women, results of all three studies are not generalizable to men. Furthermore, we did 

not include a control group with trauma-exposed healthy participants. It is, therefore, not 

possible to precisely disentangle the effects of CT and psychopathology on stress reactivity, 

RSFC, and the effects of glucocorticoids on neural activity. The interpretation concerning the 

role of CT remains somewhat speculative. An association of former disorders with GR 

promotor methylation and therefore with stress reactivity (see chapter 6.3. for details on GR 

promotor methylation and stress reactivity) has been shown (Tyrka et al., 2016). Comorbidities 

such as lifetime substance abuse or previous MDD may have influenced the result. However, 

exclusion of all current or lifetime comorbid mental disorder would have led to an artificial 

sample because comorbid disorders are frequent in patients with PTSD and BPD. In addition, 

no information about previous treatment was collected. As psychotropic medication (Manthey 

et al., 2011; Wagner, de la Cruz, Köhler, & Bär, 2017) and psychotherapy (King et al., 2016; 

Mommersteeg, Keijsers, Heijnen, Verbraak, & van Doornen, 2006) both influence cortisol 

levels and RSFC, this might have been relevant to the current studies. Current psychotropic 

medication was, however, an exclusion criterion in study two and three. Trauma during 
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adulthood was also frequent in both groups and may have influenced the results. Previous 

findings suggested that the timing of CT might affect different domains due to distinct timing 

of development of brain regions (Lupien et al., 2009). Whereas early postnatal experience might 

influence sensory integration and self-regulation, later experience might influence cognitive 

processes (Hambrick, Brawner, & Perry, 2019). Furthermore, it has been suggested that 

different types of trauma (e.g. abuse vs. neglect) influence different types of domains (e.g., 

executive functioning vs. affective processing/cognitive inhibition) (Gould et al., 2012; 

Henderson, Hargreaves, Gregory, & Williams, 2002).  

Concerning study two and three, the dosage of 10 mg hydrocortisone was low compared 

with other fMRI studies (Symonds, McKie, Elliott, Deakin, & Anderson, 2012) which may 

account for the absence of group differences. However, small dosages may more closely mimic 

the actual physiological stress response. In addition, hydrocortisone stimulates the MR and the 

GR. Therefore, it is impossible to conclude whether differences in neural activity are related to 

MR or GR stimulation. Previous studies have shown an enhancing effect of hydrocortisone on 

memory retrieval (Wingenfeld et al., 2013) but no effect of fludrocortisone (MR stimulation) 

on AM retrieval (Fleischer et al., 2015) and even an impairing effect of fludrocortisone on 

hippocampus mediated memory processes (Wingenfeld et al., 2015) in patients with BPD. The 

differentiation of receptor specific effects in different brain regions is therefore worthy of 

investigation. 

A specific limitation of study three is the missing behavioral data on AM performance. 

Collection of behavioral data is challenging in the MRI as it usually requires verbal or written 

statements by participants; verbal assessment during scanning leads to movement artefacts and 

memory recall after scanning may be inaccurate. This makes it difficult to compare the current 

findings with previous results (Wingenfeld et al., 2013; Wingenfeld et al., 2012). 

As our patient samples predominantly include women exposed to sexual abuse before the 

age of 18, future studies should investigate whether similar results can be found in the context 

of different timing and type of trauma. 

 

6.2.  Discussion of the main findings 

6.2.1.  Psychosocial stress response in PTSD   

Since stress reactivity to a psychosocial stressor in patients with PTSD has gained little attention 

so far, study one investigated the subjectively perceived and physiological stress response to a 

psychosocial stressor, the TSST, in patients with PTSD. As a secondary aim we examined the 

role of CT as one factor explaining alterations in stress-regulating systems. We hypothesized 
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that (1) female patients with PTSD show a blunted cortisol response but enhanced SNS activity 

in response to a psychosocial stressor, compared with healthy women. We additionally 

hypothesized that (2) the cortisol response correlates negatively and the SNS reactivity 

correlates positively with severity of CT in patients with PTSD. In accordance with our 

hypothesis, cortisol increase was blunted following the TSST, and measures of cortisol changes 

over time in response to a psychosocial stressor correlated negatively with severity of CT. 

Contrary to our hypothesis, we found no evidence for enhanced SNS reactivity after the TSST 

in female patients with PTSD. We even found evidence for a less pronounced sAA response to 

the TSST and no association with CT. Furthermore, female patients with PTSD had higher basal 

diastolic blood pressure on trend level. Concerning the subjectively perceived stress response, 

the TSST produced a more profound and long-lasting effect on subjective stress ratings 

resulting in worse mood, less wakefulness, and more dissociative symptoms in female patients 

with PTSD. Patients additionally reported worse mood and more dissociative symptoms at 

baseline.  

We found blunted cortisol increase following a psychosocial stressor in female patients with 

PTSD, compared with healthy women. This is in line with previous findings showing a blunted 

cortisol response following psychosocial stress or the cold pressor test in patients with PTSD 

(Santa Ana et al., 2006; Wichmann et al., 2017; Zaba et al., 2015). Similar findings have been 

described in patients with BPD (Duesenberg et al., 2019; Scott, Levy, & Granger, 2013). A 

similar stimulated cortisol response has been demonstrated in veterans (Pierce & Pritchard, 

2016) and females with a history of CT showed a similar stimulated cortisol response 

(MacMillan et al., 2009; Pierrehumbert et al., 2009). However, a higher cortisol response to 

psychosocial stress in individuals with CT has also been reported (Heim et al., 2000). This 

effect was, however, most robust in women with current symptoms of depression and anxiety. 

The authors suggested that increased CRH activity, as a marker for central HPA axis activation, 

might be associated with CT and might precede an altered cortisol response. Therefore, 

adaptation processes to enhanced CRH on lower levels of the HPA axis might result in low 

cortisol release in patients with PTSD and BPD (see figure 14) (Bhagwagar, Hafizi, & Cowen, 

2005; Duesenberg et al., 2019; Oquendo et al., 2003; Scott et al., 2013; Wessa, Rohleder, 

Kirschbaum, & Flor, 2006), and high cortisol in depressive patients (Heim et al., 2000). More 

details on the proposed mechanism initiating increased CRH and enabling low cortisol can be 

found in chapter 6.3., which focusses on the role of CT. 

We expected to find increased SNS activity in response to a psychosocial stressor in female 

patients with PTSD compared with healthy women. We found, however, a less pronounced 
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increase in sAA activity in female patients with PTSD in response to the TSST. No differences 

in blood pressure were found concerning stress reactivity. Previous studies also found no 

differences in blood pressure and heart rate (MacMillan et al., 2009; Zaba et al., 2015). 

However, as suggested by our hypothesis, others have found an increased heart rate response 

to a psychosocial stressor in patients with PTSD (Zaba et al., 2015) and increased sAA response 

in healthy participants with CT (Kuras et al., 2017), reflecting heightened SNS reactivity. What 

might be the reason for missing effects on blood pressure and sAA activity in our female 

patients with PTSD? As most studies have shown an association of PTSD with increased SNS 

reactivity in response to trauma-related stimuli (Geracioti et al., 2008; Liberzon et al., 1999; 

Orr et al., 2003), one might argue that a psychosocial stressor predominantly reveals differences 

in HPA axis reactivity in patients with PTSD, while more emotionally arousing stressors (e.g. 

trauma-related stimuli), reveal differences in SNS reactivity. Furthermore, as a correlation with 

CT has been demonstrated in former studies but not in our study, it awaits to be determined 

which of these effects are associated with PTSD and which with CT. Therefore, results 

concerning stimulated SNS in response to a psychosocial stressor remain heterogeneous in 

patients with PTSD. 

Concerning findings on basal SNS activity, we found a trend for increased diastolic blood 

pressure in patients compared to healthy women, irrespective of stress induction. However, no 

difference between patients and healthy participants were found in basal systolic blood pressure 

and sAA activity. Previous studies have described increased basal SNS activity in patients with 

PTSD, including increased catecholamines (Pan et al., 2018), higher heart rate (Buckley et al., 

2004; Paulus et al., 2013) and blood pressure (Muraoka et al., 1998). Increased SNS activity 

has also been shown in other adult anxiety disorders, BPD and individuals with CT. (Barber et 

al., 2019; Eddie et al., 2018; Heim et al., 2000; Otte et al., 2005; Wingenfeld et al., 2015). 

Results of study one are therefore only partly in line with the higher basal SNS activity in 

patients with PTSD and BPD and participants with CT proposed in chapter 1.2.3. Investigation 

of basal SNS activity was, however, not a primary aim of study one, which focused on HPA 

axis and SNS reactivity to a psychosocial stressor. The number of baseline measures are 

consequently limited and non-fasting. 

Low stimulated cortisol might have, however, negative consequences on affect regulation. 

A mood-buffering effect of cortisol has been demonstrated (Het et al., 2012; Het & Wolf, 2007). 

Therefore, a blunted cortisol response in women with PTSD possibly attenuates a mood-

buffering effect of cortisol. Accordingly, women with PTSD perceived themselves to be in a 



 

71  

worse mood, less wakeful, and having more dissociative symptoms than healthy women did 

following exposure to stress. 

Taken together, our main results reveal a blunted stimulated cortisol response and increased 

negative affect in response to a psychosocial stressor in patients with PTSD. Similar results 

have been described for patients with BPD and for participants with CT, irrespective of 

diagnosis (chapter 1.2.3.). As blunted cortisol reactivity might be an adaptation process to 

enhanced CRH on lower levels of the HPA axis, and enhanced CRH might be associated with 

CT, the question arises of how CT leads to increased CRH? I present possible answers to this 

question in a hypothetical model linking CT to the psychopathology of PTSD and BPD (see 

chapter 6.3. for integration of results). 

As alterations in stress-regulating systems are likely accompanied by alteration in stress-

relevant brain regions, we investigated in a second study hippocampus and amygdala RSFC, 

and the influence thereon of hydrocortisone, in patients with PTSD and BPD.  

 

6.2.2.  Hippocampus and amygdala RSFC in patients with PTSD and BPD 

Previous studies have shown hippocampal and amygdala alterations in both patient groups. As 

hippocampus RSFC yielded particularly heterogeneous results in patients with PTSD and BPD 

and study designs varied hugely, we investigated RSFC of the hippocampus in addition to 

amygdala RSFC in patients with PTSD and BPD within the same design. Furthermore, a 

blunted cortisol response (as revealed in chapter 6.2.1.) hints towards altered HPA axis 

reactivity in patients with PTSD. As the hippocampus and the amygdala have a high density of 

corticosteroid receptors, these regions seem promising targets for the investigation of effects of 

glucocorticoid administration. We therefore further examined the effects of hydrocortisone 

administration on amygdala and hippocampus RSFC. We hypothesized that (1) hippocampus 

and amygdala RSFC differ between female patients with PTSD and female patients with BPD 

compared with healthy women. We additionally hypothesized that (2) differences in amygdala 

and hippocampus RSFC correlate with severity of CT and that (3) effects of hydrocortisone 

administration on amygdala and hippocampus RSFC differ between healthy women and female 

patients with PTSD and BPD, and correlate with severity of CT. Both patient groups showed 

reduced RSFC between hippocampus and dmPFC in the placebo condition, which correlated 

negatively with severity of CT and severity of clinical symptoms. We found no differences in 

amygdala RSFC between groups. Furthermore, we did not find an effect of hydrocortisone on 

amygdala or hippocampus RSFC, nor an interaction of group with hydrocortisone.  
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Hippocampus dmPFC RSFC was decreased in female patients with PTSD and BPD, and 

correlated negatively with severity of CT and severity of clinical symptoms of both disorders. 

This is in line with the existing body of literature. Previous studies have shown weaker 

hippocampus mPFC RSFC in patients with PTSD (Jin et al., 2014; Malivoire, Girard, Patel, & 

Monson, 2018). It has also been shown that CT predicted greater RSFC between hippocampus 

and dmPFC, while PTSD symptoms predicted lesser RSFC (Birn, Patriat, Phillips, Germain, & 

Herringa, 2014). Direction of effects, therefore, seem to be inconsistent in relation to CT and 

in patients with PTSD, with former studies and the current results revealing increased and 

decreased RSFC. Despite the fact that differences in processing imaging data might results in 

different patterns of directionality (Marusak et al., 2016), results hint towards an association of 

CT with hippocampus mPFC RSFC. An involvement of both brain regions, hippocampus and 

mPFC, in the regulation of threat and arousal has been shown (Abdallah et al., 2017; Kim & 

Hamann, 2007; Lissek et al., 2014; Modinos, Ormel, & Aleman, 2010). Therefore, CT might 

lead to an altered pattern of hippocampus (d)mPFC RSFC. This might then cause a 

dysfunctional response to threat, in which the hippocampus (d)mPFC interaction has been 

implicated (Lissek et al., 2014). This might partially explain symptoms such as hyperarousal in 

PTSD (Norrholm & Jovanovic, 2018) and emotional dysregulation in BPD (Kamphausen et al., 

2013). A more detailed explanation on how CT might alter hippocampus dmPFC RSFC can be 

found in chapter 6.3.. 

No differences in amygdala RSFC between female patients and healthy women were 

revealed, which contradicts our hypothesis and previous research. Former research focused 

especially on amygdala PFC RSFC and suggested increased amygdala activation and its 

disrupted RSFC to prefrontal regions particularly in patients with PTSD (Baczkowski et al., 

2017; Stevens et al., 2013). Furthermore, a recent meta-analysis, including studies examining 

RSFC irrespective of disease status, suggested that amygdala ACC rather than amygdala PFC 

RSFC is disrupted in relation to internalizing disorders and risk factors such as CT (Marusak et 

al., 2016). However, the pattern of reported amygdala ACC RSFC was heterogeneous, with 

some studies reporting increased RSFC while others reported decreased RSFC (Marusak et al., 

2016). Overall, the existing body of literature provides preliminary evidence that the amygdala 

ACC pathway might be central to the etiology of different disorders related to CT. In study two 

of this dissertation project, the absence of an intervention to create amygdala activation and 

insufficient sample size are factors possibly explaining the absence of effects in amygdala 

RSFC. This is in line with results of study one, showing no increased SNS activity in patients 

with PTSD. Taken together, missing results on SNS and amygdala activity suggest that these 
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may be more easily detected in response to emotionally arousing material as trauma-related 

stimuli.  

In addition, we did not find any effects of hydrocortisone administration on hippocampus 

or amygdala RSFC across groups. No study has yet investigated the effect of hydrocortisone 

on amygdala or hippocampus RSFC in patients with PTSD or BPD. Concerning healthy 

participants, the current results contradict previous findings describing amygdala decoupling 

after hydrocortisone administration (Henckens et al., 2012) and an influence of a psychosocial 

stressor resulting in increased connectivity between the hippocampus and amygdala, ACC, and 

OFC (Kruse et al., 2018). However, differences in total number of scans, timing, investigated 

parameters and method of stress induction render a direct comparison of effects difficult. As no 

study has yet compared the effects of hydrocortisone administration on RSFC in both disorders 

and healthy participants, explanations about missing results remain speculative. Opposing 

effects of hydrocortisone on memory retrieval have been shown in patients with PTSD and BPD 

compared with healthy participants, with an improving effect in patients and deteriorating effect 

in healthy participants (Wingenfeld et al., 2013; Wingenfeld et al., 2012). It is possible that this 

opposing effect only occurs during task-related neural activity and not during rest. Therefore, 

in a third study, we investigated the effect of hydrocortisone on neural activity during AM 

retrieval in patients with PTSD and BPD. Results are presented in the following chapter.  

Taken together, patients with PTSD and BPD are characterized by decreased hippocampus 

dmPFC RSFC, which is related to CT and possibly explains a lack of reduction in the fear 

response present in both disorders (see figure 12 for summary of results).  

 

6.2.3. Effects of hydrocortisone administration on neural activity during AM retrieval in 

patients with PTSD and BPD 

As previous studies have suggested enhanced memory retrieval after glucocorticoid 

administration in patients with PTSD and BPD, in contrast to reduced memory retrieval in 

healthy participants (Wingenfeld et al., 2013; Wingenfeld et al., 2012), we investigated the 

effects of glucocorticoids on neural activity during memory retrieval. We hypothesized that 

hydrocortisone administration leads to the following: (1) reduced activation of the AM related 

brain regions, hippocampus, PFC, ACC, PCC, and the superior and middle temporal gyri in 

healthy women; (2) an increased activation of these brain regions in female patients with PTSD 

and in female patients with BPD and that (3) CT correlates positively with increased activation 

of these brain regions after hydrocortisone administration. We did not find any differences in 

neural activity during AM retrieval between healthy participants and patients with PTSD and 
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BPD, neither in the placebo condition nor after hydrocortisone administration. Severity of CT, 

however, correlated with hydrocortisone effects during AM retrieval in the amPFC, vlPFC, 

PCC, angular gyrus, and cerebellum: specifically, more CT was associated with higher 

activation in the hydrocortisone condition compared with the placebo condition in these brain 

areas. 

Contradicting hypothesis one and two, we found that neural activity during AM retrieval 

did not differ between female patients and healthy women after administration of placebo or 

hydrocortisone. Thus, we did not see the expected decrease in brain activation (namely in the 

hippocampus) in response to hydrocortisone in the control group nor the respective expected 

increase in female patients with PTSD and BPD. In healthy participants, a previous study 

demonstrated that hydrocortisone impairs declarative memory retrieval of word pairs learned 

24 hours prior to cued recall. This was accompanied by a decline in parahippocampal activity 

during PET (De Quervain et al., 2003). This finding supports the hypotheses that the well-

known reduced memory retrieval performance after stress and cortisol administration is related 

to reduce hippocampal activity. Yehuda and colleagues investigated Gulf War veterans using 

PET, and showed that hippocampal metabolic activity was increased after hydrocortisone 

administration compared with a placebo condition in patients with PTSD (Yehuda et al., 2010). 

Yehuda et al. examined male war veterans (Yehuda et al., 2010), whereas we investigated 

women who predominantly reported childhood trauma. As PTSD and BPD patients in the 

current study did not differ in PTSD symptoms (PDS-r scores), one might argue that the 

symptoms were not PTSD specific enough to reveal disorder-specific effects in PTSD patients 

as described by Yehuda and colleagues.  

In accordance with our hypotheses in study three, severity of CT correlated positively with 

hydrocortisone-induced activation of the amPFC, vlPFC, PCC, angular gyrus, and cerebellum 

during AM retrieval. Thus, self-reported CT appears to be positively associated with 

hydrocortisone-induced activation of these brain areas. These results suggest that enhancing 

effects of hydrocortisone might be related to CT rather than the disorder. Previous studies have 

shown that hydrocortisone improved memory retrieval in patients with PTSD and BPD, in 

contrast to healthy participants, who showed attenuated memory retrieval (Wingenfeld et al., 

2013; Wingenfeld et al., 2012). Patients in these studies reported a high rate of CT. The current 

study extended this research by investigating the neural underpinnings of this phenomenon. 

Results in human studies are in line with results in adult rodents with early-life stress 

experiences. These animals were characterized by reduced number of MR and GR in the 

hippocampus and showed impaired LTP, which was enhanced after glucocorticoid treatment 
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(Champagne et al., 2008). Glucocorticoid treatment, however, impaired LTP in control animals 

with no early-life stress experiences (Champagne et al., 2008). This prompts the question of 

what leads to the enhancing effect of glucocorticoids in participants with CT and of how that 

might relate to lower numbers of hippocampal MRs and GRs. As secondary aims were to more 

closely investigate the role of CT in alterations of stress-regulating systems and stress-relevant 

brain regions and to reveal possible mechanisms linking CT to the psychopathology of PTSD 

and BPD, I present possible answers to these questions in chapter 6.3., which focusses on the 

role of CT. 

 

Figure 13. Glucocorticoids and memory retrieval. 

Psychopathology in two possible dimensions related to depressive symptoms and trauma associated symptoms resulting in differences in HPA 

axis regulation and effect of exogenous cortisol on memory retrieval according to (Katja Wingenfeld, Spitzer, Rullkötter, et al., 2010). CT = 
Childhood trauma, AM = autobiographical memory.  

 

6.2.4.  Summary 

The main findings of the current dissertation project confirm in parts previous overlapping 

findings in PTSD, BPD and participants with CT (see chapter 1.5 and figure 14).  The main 

results and interpretations are as follows:  

We found a blunted cortisol response and an increased subjective perceived stress response 

in female patients with PTSD. Measure of cortisol changes over time in response to a 

psychosocial stressor correlated negatively with severity of CT. Blunted cortisol responsivity 

might be an adaptive process to enhance CRH, which results from the effects of CT, on lower 

levels of the HPA axis. Contrary to our hypothesis, however, we found no evidence for 
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increased SNS reactivity to a psychosocial stressor. The results indicate that SNS reactivity 

might be especially increased in response to emotionally arousing stimuli (e.g. trauma-related 

stimuli) in patients with PTSD. In addition, we only partially confirmed the suggested increased 

basal SNS activity in patients with PTSD, BPD and participants with CT, finding a trend for 

increased diastolic blood pressures but no differences in systolic blood pressure and sAA in 

patients with PTSD. 

Compared with healthy women, female patients with PTSD and BPD showed reduced 

hippocampus dmPFC RSFC which correlated negatively with severity of CT and with severity 

of clinical symptoms. CT might lead to decreased hippocampus dmPFC RSFC. Results are in 

line with a proposed smaller and hypoactive hippocampus in patients with PTSD and BPD and 

in participants with CT. This might explain symptoms of PTSD and BPD, which are 

characterized by dysfunctional fear regulation, as the hippocampus mPFC interaction has been 

shown to be relevant for fear regulation. We found no differences in amygdala RSFC, 

contradicting former findings showing a hyperactive amygdala with disrupted ACC RSFC in 

both patient groups and participants with CT. This is in line with the missing effects on SNS 

noted in study one, and with the proposed need of emotionally arousing material to reveal 

differences. In addition, no effect of hydrocortisone administration was found during resting 

state. 

CT correlated positively with hydrocortisone effects on neural activity in AM related brain 

regions. These results suggest that in participants with CT, hydrocortisone has enhancing effects 

on neural activity during AM retrieval, while effects of hydrocortisone are rather deteriorating 

in healthy participants without CT (see figure 12 for summary of results). This confirms the 

findings of previous behavioral and animal studies demonstrating an enhancing effect of 

glucocorticoids in participants with CT. Patients with PTSD and BPD did not differ in their 

neural activity during AM retrieval in either the placebo condition or after hydrocortisone 

administration, suggesting that the enhancing effect of hydrocortisone, shown in former studies, 

might be predominantly related to CT rather than the diagnosis per se.  

Figure 14 depicts the results of study one, two and three in the light of the existing body of 

literature.  
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Figure 14. Results of study one, two and three in the light of the existing body of literature. 

For depiction, the results of study three are shown as overlapping feature. SNS = Sympathetic nervous system, HPA axis = Hypothalamic-

pituitary-adrenal axis, GR = Glucocorticoid receptor, PTSD = Posttraumatic Stress Disorder, BPD = Borderline Personality Disorder, PFC = 

Prefrontal cortex, ACC = Anterior cingulate cortex, RSFC = Resting state functional connectivity, dmPFC = Dorsomedial prefrontal cortex,  
AM = Autobiographical memory.  

 

All three studies, which aimed at further characterizing overlapping and distinct features in 

stress-regulating systems and stress-relevant brain regions in patients with PTSD and BPD, 

have demonstrated an association with CT (see figure 15).  
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Figure 15. The role of CT. 

CT = Childhood trauma, dmPFC = Dorsomedial prefrontal cortex, RSFC = Resting state functional connectivity, AM = Autobiographical 

memory. 

 

The next chapter, therefore, focusses on the role of CT as a factor explaining the 

overlapping features in stress-regulating systems and stress-relevant brain regions.  

 

6.3. Integration of the results - a hypothetical model linking CT to the psychopathology of 

PTSD and BPD  

The current dissertation project revealed a blunted cortisol stress response, decreased 

hippocampus dmPFC RSFC and a hydrocortisone induced pattern of neural activity in relation 

to CT. The following mechanisms, focusing on GR expression, are proposed to merge the 

current findings and to link CT with the psychopathology of PTSD and BPD:   

Firstly, an influence of CT or low maternal care on MR and GR expression in the 

hippocampus has been suggested by previous studies (Champagne et al., 2008; McGowan et 

al., 2009). Turecki and Meaney proposed increased methylation of the GR promoter (part of 

the GR gene regulating gene expression) in relation to early life adversity and parental stress as 

a possible cause of decreased GR expression (Turecki & Meaney, 2016). Accordingly, reduced 

levels of GR expression and increased methylation of the GR promoter in the hippocampus in 

abused suicide victims have been shown (McGowan et al., 2009). This echoes results in adult 

rodents with early-life stress experiences, who show a reduced number of MR and GR in the 

hippocampus (Champagne et al., 2008). Studies, therefore, suggest increased promotor 

methylation and decreased hippocampal MR and GR expression in participants with CT. 

However, decreased GR (and MR) expression have several possible consequences which may 

explain the results of the current dissertation project.   
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First, activation of hippocampal GR decreases HPA axis activity. Accordingly, increased 

CRH activity preceding increased ACTH due to missing inhibitory feedback by hippocampal 

GR might be related to CT (see figure 16) (Heim & Nemeroff, 2001). Therefore, an increase in 

pituitary ACTH in response to stress in participants with CT is in line with decreased 

hippocampal GR expression (Heim et al., 2002). As stated above, blunted cortisol increase 

following a psychosocial stressor in female patients with PTSD and in relation to CT in study 

one of this dissertation project (Metz et al., 2020) might be adaptation processes to enhanced 

CRH. Accordingly, Labonté and colleagues revealed lower morning cortisol release, higher GR 

messenger ribonucleic acid (mRNA) expression and lower overall methylation levels in GR 

promoters in peripheral blood. The authors assume that lower levels of cortisol are the 

consequence of peripheral GR hypersensitivity (Labonte et al., 2014). However, it has also been 

proposed that enhanced pituitary feedback is a possible mechanism explaining a low cortisol 

stress response (Fries, Hesse, Hellhammer, & Hellhammer, 2005). Taken together, decreased 

central GR expression leads to enhanced CRH with low cortisol as an adaptive mechanism 

occurring at lower levels of the HPA axis. Whether low cortisol results from enhanced GR 

sensitivity in peripheral blood cells or from enhanced pituitary feedback is still a matter of 

debate.  

See figure 16 for proposed possible mechanism. 

Figure 16. HPA axis reactivity after stress in participants with CT.  

Schematic representation of the activation of the HPA axis in participants with CT. MR = Mineralocorticoid receptor, GR = Glucocorticoid 
receptor, CRH = Corticotropin-releasing-hormone, ATCH = Adrenocorticotrophic hormone. 
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A blunted cortisol stress response has several subsequent consequences. It first serves to 

protect the organism from the damaging effects of increased elevated glucocorticoid levels, 

which may result in heightened allostatic load associated with higher mortality (Fries et al., 

2005). Furthermore, it has been suggested that low cortisol may promote SNS activity that 

enables adaptation to stressful situations, e.g. increased arousal (Raison & Miller, 2003). 

Although we found no evidence for increased SNS reactivity (see chapter 6.2.1.), there is initial 

evidence that blunted cortisol levels might contribute to increased catecholamine output due to 

missing inhibitory effects of glucocorticoids on CRH release and consequently on adrenergic 

system activation (see chapter 1.2. for further details on interaction of CRH and adrenergic 

system) (Zoladz & Diamond, 2013). In addition, a mood-buffering effect of cortisol has been 

suggested (Het et al., 2012; Het & Wolf, 2007). Accordingly, a blunted cortisol response 

following stress exposure results in worse mood and more dissociative symptoms. (Metz et al., 

2020). Taken together, low basal and stimulated cortisol as a possible consequence of enhanced 

CRH and decreased central GR expression may result in increased adrenergic activity and in 

increased negative mood and high dissociation following stress.  

Secondly, decreased hippocampal GR (and MR) expression and high level of 

glucocorticoids due to a stressful environment in early life may attenuate hippocampus 

neurogenesis (Daskalakis, De Kloet, Yehuda, Malaspina, & Kranz, 2015; Lupien et al., 2009; 

Oitzl et al., 2010). Low MR and GR density and high levels of glucocorticoids might decrease 

brain derived neurotrophic factor (BDNF) (Meaney, 2001). Particularly during early life, high 

BDNF and low glucocorticoid levels enable neuronal maintenance, synaptic integrity and 

dendritic spine stabilization (Daskalakis et al., 2015). Since the hippocampus volume 

dramatically increases during the first two years of life (Lupien et al., 2009), elevated levels of 

glucocorticoids and low MR and GR expression during this period may have drastic 

consequences on hippocampus development. This hypothesis is in line with a smaller and 

hypoactive hippocampus in patients with PTSD and BPD and participants with CT (Doll et al., 

2013; Juengling et al., 2003; Lecei & van Winkel, 2020; Shin et al., 2006; Teicher, Anderson, 

& Polcari, 2012; Wingenfeld, et al., 2010). The results of the second study of this dissertation 

project hint toward a disrupted hippocampus RSFC, which is again in line with disrupted 

hippocampal neurogenesis in these patients. Decreased hippocampus dmPFC RSFC in patients 

with PTSD and BPD correlated negatively with severity of CT and clinical symptoms (Metz, 

et al., 2019). As both brain regions have been implicated in amygdala inhibition (Marek et al., 

2018), it has been proposed that decreased hippocampus activity and amygdala hyperactivation 

are consequences of CT (Lecei & van Winkel, 2020). This increases fear-generalization and 
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threat-anticipation and interpretation (Lecei & van Winkel, 2020). Increased amygdala 

reactivity may also result in increased catecholamine-mediated responses in subjects with CT 

(Otte et al., 2005; Taylor, 2010). This is in line with increased SNS activity in patients with 

PTSD, BPD or participants with CT (Barber et al., 2019; Eddie et al., 2018; Heim et al., 2000; 

Otte et al., 2005; Wingenfeld et al., 2015). Results of study one of the current dissertation 

project revealed a trend for increased basal diastolic blood pressure, irrespective of stress 

induction in patients with PTSD, but could only partially confirm heightened SNS activity, as 

no differences in systolic blood pressure and sAA could be found. Moreover, we found no 

association of SNS activity with CT (Metz et al., 2020). However, heightened amygdala 

activation and basal SNS activity in patients with PTSD and BPD and in participants with CT, 

which have been previously reported (especially in response to emotionally arousing material), 

may have been adaptive in early life to decrease the threshold for threat perception in an 

unstable environment (Raison & Miller, 2003). Whereas, such changes may be dysfunctional 

in a safe and stable environment in adulthood, and result in symptoms as hyperarousal and 

emotional dysregulation (Kamphausen et al., 2013; Norrholm & Jovanovic, 2018).   

Thirdly, the results of the third study revealed that hydrocortisone induced neural activity 

during AM retrieval correlated positively with severity of CT (Metz et al., 2019). These results 

can again be explained by reduced central GR expression in the hippocampus in participants 

with CT. It has been suggested that the relationship between glucocorticoids and learning is 

best described by an inverted U-shape (De Quervain et al., 2017; Mateo, 2008), with impaired 

learning occurring at very low and very high levels of glucocorticoids. Similar results have been 

suggested for memory retrieval (Domes, Rothfischer, Reichwald, & Hautzinger, 2005; 

Schilling et al., 2013). This results in optimal retrieval at intermediate glucocorticoid levels 

with high MR and low GR activation (Rimmele, Besedovsky, Lange, & Born, 2013). In 

participants with CT, an insufficient number of GR and MR activation due to decreased GR 

(and MR) expression might be present. Hydrocortisone administration might thus restore 

MR/GR balance in participants with CT, but induce imbalance in healthy participants without 

CT. However, studies in humans have only shown altered GR expression in the hippocampus. 

Our results in study three suggest altered neural activity following hydrocortisone 

administration outside the hippocampus: in the amPFC, the vlPFC, PCC, angular gyrus, and 

cerebellum. GR and MR expression in these brain regions await to be determined.  

Figure 17 depicts the proposed hypothetical model in brief.  
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Figure 17. A hypothetical model: Effects of childhood trauma.  

 

Schematic representation of a cascade of consequence of childhood trauma initiated by GR promotor methylation. Dashed lines represent disrupted feedback loops. Light grey figures represent results, which were not or only 

in part supported by the results of the current dissertation project. DNA =  Deoxyribonucleic acid, MR = Mineralocorticoid receptor, GR = Glucocorticoid receptor, HPA = Hypothalamic-pituitary-adrenal axis, ACTH = 

Adrenocorticotrophic hormone, CRH = Corticotrophin-releasing-hormone, mPFC = medial prefrontal cortex, CT = Childhood trauma, SNS = Sympathetic Nervous System.  
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Taken together, the model proposes that reduced central GR expression initiates a cascade 

which results in blunted cortisol response, disrupted hippocampus dmPFC RSFC and an 

enhancing effect of hydrocortisone in participants with CT. In the next chapter, I outline 

implications for future research and clinical practice derived from these proposed 

mechanisms. 

 

6.4. Implications for future research  

The results discussed above (chapter 6.1.1., 6.1.2.& 6.1.3) have various implications for 

research and for clinical practice.  

As the current dissertation project only included patients with PTSD and BPD with CT and 

healthy participants without CT, future studies should include a group with healthy participants 

with CT, to ascertain that effects are related to CT and to clearly disentangle them from disorder 

specific effects. Since patients with MDD, especially the chronic form with an early onset report 

a high rate of CT (Nelson, Klumparendt, Doebler, & Ehring, 2017), differences and similarities 

in stress-regulating systems and stress-relevant brain regions are worthwhile investigating. 

Including a further group with healthy participants with CT and depressed participants with CT 

might help to further describe which processes lead to different phenotypes after similar 

environmental factors e.g. CT and might help reveal protective factor in the case of healthy 

participants with CT. 

The majority of patients included in the current dissertation project reported CT and trauma 

in adulthood. One might argue that the cortisol response is all the more blunted, if further 

traumatization takes place in later life as it further activates the central HPA axis and 

necessitates further adaptation on lower levels of the HPA axis. However, hippocampal 

neurogenesis seems to be especially attenuated in response to stress during the first years of 

development (Lupien et al., 2009). These results suggest that the findings of this dissertation 

project arise from a combination of early traumatization (resulting in disrupted hippocampus 

RSFC) and further traumatization in adulthood (resulting in low cortisol). Future studies should 

further differentiate these effects in patients with PTSD and BPD by including different groups. 

For example, within patients with PTSD, one could include a group with early trauma and no 

further traumatization in adulthood, one group with only trauma in adulthood, one group with 

participants who experienced both and a control group with healthy participants with no 

traumatization. All four groups should undergo the paradigms and measurements described in 

study one, two and three of this dissertation project (see figure 18). As most studies have 

described an association of low cortisol and CT (Meewisse et al., 2007), it would be interesting 
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to test whether the results of study one can also be found in participants with no early 

traumatization and only trauma in adulthood. One might suggest that participants with trauma 

in adulthood show no central decreased GR and MR expression and therefore no increased CRH 

and ACTH secretion. It would be interesting to see whether adaptive process on lower levels of 

the HPA axis still occur following a traumatic event during adulthood, due to high cortisol 

levels during trauma. To further confirm the proposed central role of the GR in the current 

dissertation project, I would additionally administer fludrocortisone (see figure 18). In human 

studies, only the GR has been shown to be downregulated in the hippocampus of participants 

with CT (McGowan et al., 2009). Although there is some evidence from animal studies that 

different brain regions may be affected (Avishai-Eliner, Hatalski, Tabachnik, Eghbal-Ahmadi, 

& Baram, 1999) and that the MR is downregulated in the hippocampus in rodents with low 

maternal care (Champagne et al., 2008), little is known about these effects in humans. If results 

of study three could not be found after fludrocortisone administration, it would further confirm 

the proposed central role of the GR in the current dissertation project. I would additionally 

include an emotional paradigm to investigate amygdala reactivity and a paradigm that 

investigates the stress response to trauma-related stimuli to confirm the suggested amygdala 

and SNS hyperactivity in participants with CT.  

 

Figure 18. Research design for a possible future study in patients with PTSD.  

Schematic representation of a possible future research design. sAA = salivary alpha amylase, RSFC = resting state functional connectivity, 
HPA axis = Hypothalamus-pituitary-adrenal axis, SNS = Sympathetic nervous system, TSST = Trier social stress test, P-TSST = Placebo 

TSST.  

 

Despite the fact that central GR expression is difficult to investigate, the relationship 

between central and peripheral GR expression and sensitivity - especially in relation to CT 

versus trauma during adulthood - seems to be under-investigated and thus requires further 
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investigation. Reduced GR central expression in the hippocampus in participants with CT 

(McGowan et al., 2009) and increased GR expression and binding in peripheral blood in patient 

with PTSD have been described (Yehuda et al., 2004). These differences might be either tissue 

specific effects or due to changes over time (first downregulation than hypersensitivity). 

Longitudinal studies could test whether the results are time and tissue specific and ascertain 

causal direction. Furthermore, timing of stress induction seems to be highly relevant not only 

to the memory domain to disentangle faster non-genomic and slower genomic effects of 

glucocorticoids and should be further investigated (Shields, 2020). Similarly, methods of stress 

induction, differentially activating the HPA axis and the SNS require further investigation 

(Giles, Mahoney, Brunyé, Taylor, & Kanarek, 2014; McRae et al., 2006). 

Considering implications for clinical practice, affect dysregulation and dissociation seem 

to characterize early and chronically traumatized individuals. Affect dysregulation has also 

been described to predict subsequent dissociation (Powers et al., 2015). Therefore, affect 

dysregulation would seem to present a good target in participants with early and chronic CT 

that can be well addressed by psychotherapy. Accordingly, psychotherapeutic concepts 

designed for patients with early and chronic CT focusing on affect regulation as the Skills 

Training in Affective and Interpersonal Regulation (STAIR concept) by Marylene Cloitre 

(Schäfer, Borowski, & Cloitre, 2019), are very promising. This concept aims at improving 

emotion regulation based on cognitive, bodily and behavioral strategies, in addition to 

acceptance and understanding of emotional experiences. Psychotherapy, which focusses on 

emotion regulation, awareness and understanding of emotional experiences might help 

individuals with CT understand how their emotional perception (e.g. hyperreactive fear 

response) might highly contribute to interpersonal difficulties. Psychotherapy in general might 

help patients devise new strategies to deal with altered emotional perception, and to undertake 

new experiences which enable them to better dissociate safe from threatening environments.  

Taken together, the findings discussed above have promising implications for future 

research. The above described hypothetical model, encompassing the results of study one, two 

and three, proposes mechanisms which represent possible targets for psychotherapeutic and 

psychopharmacological treatments and should therefore be further investigated in different 

samples (e.g. with different timing of traumatization). 

 

6.5. Conclusion 

The main aim of this dissertation project was to shed further light on overlapping and distinct 

features of PTSD and BPD in stress-regulating systems, stress-relevant brain regions and their 
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interplay to further explain the evolvement of symptoms such as affect dysregulation and 

dissociation. As a secondary aim, the role of CT as one factor explaining variance in especially 

overlapping features was examined. To do so, the present dissertation project first outlined 

overlapping und distinct symptoms, features of stress-regulating systems, stress-relevant brain 

regions and their interplay in both disorder and the relevance of CT to these changes (chapter 

1). In addition, I examined the three following research questions to further characterize 

overlapping and distinct features in PTSD and BPD and the role of CT. Firstly, how do female 

patients with PTSD differ in their physiological and subjectively perceived stress response to 

an acute psychosocial stressor, compared with healthy women, and how do these differences 

relate to CT? (chapter 3)? The results revealed that female patients with PTSD were 

characterized by a blunted cortisol stress response. In addition, measure of cortisol changes 

over time in response to a psychosocial stressor correlated negatively with severity of CT. 

Furthermore, we found a trend for basal increased diastolic blood pressure, but no evidence for 

increased basal systolic blood pressure and basal sAA or heightened SNS stress reactivity (Metz 

et al., 2020). Secondly, how does amygdala and hippocampus RSFC differ between female 

patients with PTSD and BPD and healthy women, in a placebo condition and after 

hydrocortisone administration, and how does amygdala or hippocampus RSFC in the placebo 

or hydrocortisone condition relate to CT (chapter 4)? Results revealed that hippocampus 

dmPFC RSFC, which correlated negatively with severity of CT and clinical symptoms, was 

reduced in patients with PTSD and BPD. We found no differences in amygdala RSFC, nor did 

we find a main effect of hydrocortisone administration, nor an interaction of hydrocortisone 

with group on either amygdala or hippocampus RSFC (Metz et al., 2019). Thirdly, how do 

female patients with PTSD and BPD differ from healthy women in their neural activity during 

AM retrieval after hydrocortisone administration compared with a placebo condition, and how 

do these differences relate to CT (chapter5)? Female patients with PTSD and BPD and healthy 

women did not differ in their neural activity during AM retrieval neither in the placebo 

condition, nor after hydrocortisone administration. Severity of CT correlated with a 

hydrocortisone-induced pattern of neural activity during AM retrieval (Metz et al., 2019). 

To conclude, the conducted studies extend findings on stress-regulating systems, stress-

relevant brain regions and their interplay in patients with PTSD and BPD and reveal an 

association with CT. Hence, the developed hypothetical model describes how CT constitutes a 

risk factor for psychiatric disorders. The proposed hypothetical model assumes that CT might 

lead to decreased hippocampal GR expression. Accordingly, decreased GR (and MR) 

expression might attenuate hippocampus neurogenesis and thereby lead to a disrupted 
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hippocampus dmPFC RSFC. This in turn attenuates amygdala inhibition and leads to high SNS 

activity, protective for the organism under high stress conditions in early life due to low 

threshold for threat perception, however, leading to affect dysregulation in adulthood. Second, 

decreased hippocampal GR expression might induce central HPA axis hyperreactivity due to 

missing inhibitory feedback, resulting in enhanced CRH. Low basal and stress dependent 

cortisol levels might be an adaptation to centrally increased CRH, occurring at a lower level of 

the HPA axis to decrease allostatic load. This, however, might attenuate the mood buffering 

effect of cortisol, possibly explaining dissociation in adulthood under high stress conditions. 

Furthermore, an imbalance of MR/GR activation due to decreased GR (and MR) expression in 

the brain might attenuate memory process. Hydrocortisone might normalize ratio of MR and 

GR activation and therefore neural activity in participants with CT, while it disrupts ratio of 

MR/GR activation and therefore neural activity in healthy participants without CT.  

Overall, the current dissertation project described a pivotal role of early experiences in the 

development of stress-regulating systems and stress-relevant brain regions. Affect 

dysregulation and dissociation resulting in difficulties in interpersonal situations affecting 

occupational and social situations represent possible consequences of CT.  

Therefore, this dissertation project emphasizes the importance of an early stable 

environment for the development of a stress response and affect regulation that is adaptive and 

well-functioning throughout the lifespan, and thus enables engagement in satisfying 

interpersonal situations.  

 

 

 

 

 

 

 

 



 

88 

7. References 

Abdallah, C., Wrocklage, K., Averill, C., Akiki, T., Schweinsburg, B., Roy, A., . . . Scott, J. (2017). 
Anterior hippocampal dysconnectivity in posttraumatic stress disorder: a dimensional and 
multimodal approach. Translational Psychiatry, 7(2), e1045-e1045.  

Aleknaviciute, J., Tulen, J. H., Kamperman, A. M., de Rijke, Y. B., Kooiman, C. G., & Kushner, S. A. 
(2016). Borderline and cluster C personality disorders manifest distinct physiological 
responses to psychosocial stress. Psychoneuroendocrinology, 72, 131-138.  

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental disorders (DSM-
5) (Vol. Fifth ed). Arlington. VA. 

Avishai-Eliner, S., Hatalski, C. G., Tabachnik, E., Eghbal-Ahmadi, M., & Baram, T. Z. (1999). Differential 
regulation of glucocorticoid receptor messenger RNA (GR-mRNA) by maternal deprivation in 
immature rat hypothalamus and limbic regions. Developmental Brain Research, 114(2), 265-
268. doi:https://doi.org/10.1016/S0165-3806(99)00031-0 

Baczkowski, B. M., van Zutphen, L., Siep, N., Jacob, G. A., Domes, G., Maier, S., . . . Tüscher, O. (2017). 
Deficient amygdala–prefrontal intrinsic connectivity after effortful emotion regulation in 
borderline personality disorder. European archives of psychiatry and clinical neuroscience, 
267(6), 551-565.  

Barber, T. A., Ringwald, W. R., Wright, A. G., & Manuck, S. B. (2019). Borderline personality disorder 
traits associate with midlife cardiometabolic risk. Personality Disorders: Theory, Research, 
and Treatment.  

Barnow, S., Limberg, A., Stopsack, M., Spitzer, C., Grabe, H., Freyberger, H., & Hamm, A. (2012). 
Dissociation and emotion regulation in borderline personality disorder. Psychological 
medicine, 42(4), 783.  

Beck, J. G., Woodward, M. J., Pickover, A. M., Lipinski, A. J., Dodson, T. S., & Tran, H. N. (2019). Does a 
history of childhood abuse moderate the association between symptoms of posttraumatic 
stress disorder and borderline personality disorder in survivors of intimate partner violence? 
Journal of clinical psychology, 75(6), 1114-1128.  

Bernstein, D. P., Ahluvalia, T., Pogge, D., & Handelsman, L. (1997). Validity of the Childhood Trauma 
Questionnaire in an adolescent psychiatric population. Journal of the American Academy of 
Child & Adolescent Psychiatry, 36(3), 340-348.  

Bhagwagar, Z., Hafizi, S., & Cowen, P. J. (2005). Increased salivary cortisol after waking in depression. 
Psychopharmacology, 182(1), 54-57.  

Bijsterbosch, J., Smith, S. M., & Beckmann, C. F. (2017). Introduction to resting state fMRI functional 
connectivity: Oxford University Press. 

Birn, R. M., Patriat, R., Phillips, M. L., Germain, A., & Herringa, R. J. (2014). Childhood maltreatment 
and combat posttraumatic stress differentially predict fear‐related fronto‐subcortical 
connectivity. Depression and anxiety, 31(10), 880-892.  

Bohus, M., Kleindienst, N., Limberger, M. F., Stieglitz, R.-D., Domsalla, M., Chapman, A. L., . . . Wolf, 
M. (2009). The short version of the Borderline Symptom List (BSL-23): development and 
initial data on psychometric properties. Psychopathology, 42(1), 32-39.  

Bremner, J. D., Southwick, S., Brett, E., Fontana, A., Rosenheck, R., & Charney, D. S. (1992). 
Dissociation and posttraumatic stress disorder in Vietnam combat veterans. The American 
journal of psychiatry.  

Bremner, J. D., Vythilingam, M., Vermetten, E., Adil, J., Khan, S., Nazeer, A., . . . Anderson, G. M. 
(2003). Cortisol response to a cognitive stress challenge in posttraumatic stress disorder 
(PTSD) related to childhood abuse. Psychoneuroendocrinology, 28(6), 733-750.  

Bremner, J. D., Vythilingam, M., Vermetten, E., Afzal, N., Nazeer, A., Newcomer, J. W., & Charney, D. 
S. (2004). Effects of dexamethasone on declarative memory function in posttraumatic stress 
disorder. Psychiatry research, 129(1), 1-10.  

Briere, J., Hodges, M., & Godbout, N. (2010). Traumatic stress, affect dysregulation, and 
dysfunctional avoidance: A structural equation model. Journal of traumatic stress, 23(6), 767-
774.  

https://doi.org/10.1016/S0165-3806(99)00031-0


 

89 

Brohawn, K. H., Offringa, R., Pfaff, D. L., Hughes, K. C., & Shin, L. M. (2010). The neural correlates of 
emotional memory in posttraumatic stress disorder. Biological Psychiatry, 68(11), 1023-1030.  

Brown, V. M., LaBar, K. S., Haswell, C. C., Gold, A. L., McCarthy, G., & Morey, R. A. (2014). Altered 
resting-state functional connectivity of basolateral and centromedial amygdala complexes in 
posttraumatic stress disorder. Neuropsychopharmacology, 39(2), 351-359.  

Buckley, T. C., Holohan, D., Greif, J. L., Bedard, M., & Suvak, M. (2004). Twenty-four-hour ambulatory 
assessment of heart rate and blood pressure in chronic PTSD and non-PTSD veterans. Journal 
of Traumatic Stress, 17(2), 163-171.  

Calem, M., Bromis, K., McGuire, P., Morgan, C., & Kempton, M. J. (2017). Meta-analysis of 
associations between childhood adversity and hippocampus and amygdala volume in non-
clinical and general population samples. NeuroImage: Clinical, 14, 471-479.  

Carpenter, L. L., Shattuck, T. T., Tyrka, A. R., Geracioti, T. D., & Price, L. H. (2011). Effect of childhood 
physical abuse on cortisol stress response. Psychopharmacology, 214(1), 367-375.  

Champagne, D. L., Bagot, R. C., van Hasselt, F., Ramakers, G., Meaney, M. J., De Kloet, E. R., ... & 
Krugers, H. (2008). Maternal care and hippocampal plasticity: evidence for experience-
dependent structural plasticity, altered synaptic functioning, and differential responsiveness 
to glucocorticoids and stress. Journal of Neuroscience, 28(23), 6037-6045. 

Chen, A. C., & Etkin, A. (2013). Hippocampal network connectivity and activation differentiates post-
traumatic stress disorder from generalized anxiety disorder. Neuropsychopharmacology, 
38(10), 1889.  

Clausen, A. N., Francisco, A. J., Thelen, J., Bruce, J., Martin, L. E., McDowd, J., . . . Aupperle, R. L. 
(2017). PTSD and cognitive symptoms relate to inhibition‐related prefrontal activation and 
functional connectivity. Depression and anxiety, 34(5), 427-436.  

Cloitre, M., Garvert, D. W., Brewin, C. R., Bryant, R. A., & Maercker, A. (2013). Evidence for proposed 
ICD-11 PTSD and complex PTSD: A latent profile analysis. European journal of 
psychotraumatology, 4(1), 20706.  

Coryell, W., & Schlesser, M. (2001). The dexamethasone suppression test and suicide prediction. 
American Journal of Psychiatry, 158(5), 748-753.  

Daskalakis, N. P., De Kloet, E. R., Yehuda, R., Malaspina, D., & Kranz, T. M. (2015). Early Life Stress 
Effects on Glucocorticoid—BDNF Interplay in the Hippocampus. Frontiers in Molecular 
Neuroscience, 8(68). doi:10.3389/fnmol.2015.00068 

De Aquino Ferreira, L. F., Pereira, F. H. Q., Benevides, A. M. L. N., & Melo, M. C. A. (2018). Borderline 
personality disorder and sexual abuse: a systematic review. Psychiatry research, 262, 70-77.  

De Kloet, Joëls, M., & Holsboer, F. (2005). Stress and the brain: from adaptation to disease. Nature 
reviews neuroscience, 6(6), 463-475.  

De Kloet, C. S., Vermetten, E., Geuze, E., Kavelaars, A., Heijnen, C. J., & Westenberg, H. G. (2006). 
Assessment of HPA-axis function in posttraumatic stress disorder: pharmacological and non-
pharmacological challenge tests, a review. J Psychiatr Res, 40(6), 550-567. doi:S0022-
3956(05)00098-1 [pii]10.1016/j.jpsychires.2005.08.002 

De Kloet, E. R. (2014). From receptor balance to rational glucocorticoid therapy. Endocrinology, 
155(8), 2754-2769.  

De Quervain, D., Schwabe, L., & Roozendaal, B. (2017). Stress, glucocorticoids and memory: 
implications for treating fear-related disorders. Nature reviews neuroscience, 18(1), 7-19.  

De Quervain, D. J. F., Henke, K., Aerni, A., Treyer, V., McGaugh, J. L., Berthold, T., . . . Hock, C. (2003). 
Glucocorticoid‐induced impairment of declarative memory retrieval is associated with 
reduced blood flow in the medial temporal lobe. European journal of Neuroscience, 17(6), 
1296-1302.  

Deckers, J. W., Lobbestael, J., van Wingen, G. A., Kessels, R. P., Arntz, A., & Egger, J. I. (2015). The 
influence of stress on social cognition in patients with borderline personality disorder. 
Psychoneuroendocrinology, 52, 119-129. doi:10.1016/j.psyneuen.2014.11.003 

Dogil, G., Ackermann, H., Grodd, W., Haider, H., Kamp, H., Mayer, J., . . . Wildgruber, D. (2002). The 
speaking brain: a tutorial introduction to fMRI experiments in the production of speech, 
prosody and syntax. Journal of Neurolinguistics, 15(1), 59-90.  



 

90 

Doll, A., Sorg, C., Manoliu, A., Meng, C., Wöller, A., Förstl, H., . . . Riedl, V. (2013). Shifted intrinsic 
connectivity of central executive and salience network in borderline personality disorder. 
Frontiers in Human Neuroscience, 7, 727.  

Domes, G., Rothfischer, J., Reichwald, U., & Hautzinger, M. (2005). Inverted-U function between 
salivary cortisol and retrieval of verbal memory after hydrocortisone treatment. Behavioral 
neuroscience, 119(2), 512.  

Donegan, N. H., Sanislow, C. A., Blumberg, H. P., Fulbright, R. K., Lacadie, C., Skudlarski, P., . . . 
Wexler, B. E. (2003). Amygdala hyperreactivity in borderline personality disorder: 
implications for emotional dysregulation. Biological Psychiatry, 54(11), 1284-1293.  

Drews, E., Fertuck, E. A., Koenig, J., Kaess, M., & Arntz, A. (2019). Hypothalamic-pituitary-adrenal axis 
functioning in borderline personality disorder: A meta-analysis. Neuroscience and 
Biobehavioral Reviews, 96, 316-334. doi:10.1016/j.neubiorev.2018.11.008 

Duesenberg, M., Weber, J., Schulze, L., Schaeuffele, C., Roepke, S., Hellmann-Regen, J., . . . 
Wingenfeld, K. (2016). Does cortisol modulate emotion recognition and empathy? 
Psychoneuroendocrinology, 66, 221-227.  

Duesenberg, M., Wolf, O. T., Metz, S., Roepke, S., Fleischer, J., Elias, V., . . . Wingenfeld, K. (2019). 
Psychophysiological stress response and memory in borderline personality disorder. 
European journal of psychotraumatology, 10(1), 1568134.  

Dvir, Y., Ford, J. D., Hill, M., & Frazier, J. A. (2014). Childhood maltreatment, emotional dysregulation, 
and psychiatric comorbidities. Harvard review of psychiatry, 22(3), 149.  

Eddie, D., Bates, M. E., Vaschillo, E. G., Lehrer, P. M., Retkwa, M., & Miuccio, M. (2018). Rest, 
reactivity, and recovery: a psychophysiological assessment of borderline personality disorder. 
Frontiers in psychiatry, 9, 505.  

Ehrenthal, J. C., Levy, K. N., Scott, L. N., & Granger, D. A. (2018). Attachment-Related Regulatory 
Processes Moderate the Impact of Adverse Childhood Experiences on Stress Reaction in 
Borderline Personality Disorder. Journal of Personality Disorders, 32(Suppl), 93-114. 
doi:10.1521/pedi.2018.32.supp.93 

El Khoury-Malhame, M., Reynaud, E., Soriano, A., Michael, K., Salgado-Pineda, P., Zendjidjian, X., . . . 
Rouby, F. (2011). Amygdala activity correlates with attentional bias in PTSD. 
Neuropsychologia, 49(7), 1969-1973.  

Elzinga, B. M., Schmahl, C. G., Vermetten, E., van Dyck, R., & Bremner, J. D. (2003). Higher cortisol 
levels following exposure to traumatic reminders in abuse-related PTSD. 
Neuropsychopharmacology, 28(9), 1656-1665.  

Fehm, H., Voigt, K., Lang, R., & Pfeiffer, E.-F. (1980). Effects of neurotransmitters on the release of 
corticotropin releasing hormone (CRH) by rat hypothalamic tissue in vitro. Experimental brain 
research, 39(2), 229-234.  

Fleischer, J., Metz, S., Düsenberg, M., Grimm, S., Golde, S., Roepke, S., . . . Wingenfeld, K. (2019). 
Neural correlates of glucocorticoids effects on autobiographical memory retrieval in healthy 
women. Behav Brain Res, 359, 895-902. doi:https://doi.org/10.1016/j.bbr.2018.06.024 

Fleischer, J., Wingenfeld, K., Kuehl, L. K., Hinkelmann, K., Roepke, S., & Otte, C. (2015). Does 
fludrocortisone influence autobiographical memory retrieval? A study in patients with major 
depression, patients with borderline personality disorder and healthy controls. Stress, 18(6), 
718-722. doi:10.3109/10253890.2015.1087504 

Flory, J. D., Yehuda, R., Grossman, R., New, A. S., Mitropoulou, V., & Siever, L. J. (2009). Childhood 
trauma and basal cortisol in people with personality disorders. Comprehensive psychiatry, 
50(1), 34-37.  

Foa, E. B. (1995). Posttraumatic stress diagnostic scale (PDS). Minneapolis: National Computer 
Systems.  

Fogelman, N., & Canli, T. (2018). Early life stress and cortisol: a meta-analysis. Hormones and 
behavior, 98, 63-76.  

Ford, J. D., & Courtois, C. A. (2014). Complex PTSD, affect dysregulation, and borderline personality 
disorder. Borderline Personality Disorder and Emotion Dysregulation, 1(1), 9.  

https://doi.org/10.1016/j.bbr.2018.06.024


 

91 

Frewen, P. A., & Lanius, R. A. (2006). Toward a psychobiology of posttraumatic self-dysregulation: 
reexperiencing, hyperarousal, dissociation, and emotional numbing. Paper presented at the 
The Psychobiology of Post-Traumatic Stress Disorder, Sep, 2005, Mount Sinai School of 
Medicine, New York, NY, US. 

Fries, E., Hesse, J., Hellhammer, J., & Hellhammer, D. H. (2005). A new view on hypocortisolism. 
Psychoneuroendocrinology, 30(10), 1010-1016.  

Gekker, M., Coutinho, E. S. F., Berger, W., da Luz, M. P., de Araújo, A. X. G., da Costa Pagotto, L. F. A., 
. . . Mendlowicz, M. V. (2018). Early scars are forever: Childhood abuse in patients with adult-
onset PTSD is associated with increased prevalence and severity of psychiatric comorbidity. 
Psychiatry research, 267, 1-6.  

Geracioti, T. D., Jr., Baker, D. G., Kasckow, J. W., Strawn, J. R., Jeffrey Mulchahey, J., Dashevsky, B. A., 
. . . Ekhator, N. N. (2008). Effects of trauma-related audiovisual stimulation on cerebrospinal 
fluid norepinephrine and corticotropin-releasing hormone concentrations in post-traumatic 
stress disorder. Psychoneuroendocrinology, 33(4), 416-424. 
doi:10.1016/j.psyneuen.2007.12.012 

Giesbrecht, T., Smeets, T., & Merckelbach, H. (2008). Dissociative experiences on ice—Peritraumatic 
and trait dissociation during the cold pressor test. Psychiatry research, 157(1-3), 115-121.  

Giles, G. E., Mahoney, C. R., Brunyé, T. T., Taylor, H. A., & Kanarek, R. B. (2014). Stress effects on 
mood, HPA axis, and autonomic response: comparison of three psychosocial stress 
paradigms. PloS one, 9(12), e113618.  

Goodman, M., & Yehuda, R. (2002). The relationship between psychological trauma and borderline 
personality disorder. Psychiatric Annals, 32(6), 337-345.  

Gotthardt, U., Schweiger, U., Fahrenberg, J., Lauer, C., Holsboer, F., & Heuser, I. (1995). Cortisol, 
ACTH, and cardiovascular response to a cognitive challenge paradigm in aging and 
depression. American Journal of Physiology-Regulatory, Integrative and Comparative 
Physiology, 268(4), R865-R873.  

Gould, F., Clarke, J., Heim, C., Harvey, P. D., Majer, M., & Nemeroff, C. B. (2012). The effects of child 
abuse and neglect on cognitive functioning in adulthood. Journal of Psychiatric Research, 
46(4), 500-506.  

Grossman, R., Yehuda, R., Golier, J., McEwen, B., Harvey, P., & Maria, N. S. (2006). Cognitive effects of 
intravenous hydrocortisone in subjects with PTSD and healthy control subjects. Annals of the 
New York Academy of Sciences, 1071(1), 410-421.  

Hagenhoff, M., Franzen, N., Koppe, G., Baer, N., Scheibel, N., Sammer, G., . . . Lis, S. (2013). Executive 
functions in borderline personality disorder. Psychiatry research, 210(1), 224-231.  

Hakamata, Y., Mizukami, S., Izawa, S., Moriguchi, Y., Hori, H., Kim, Y., . . . Tagaya, H. (2020). 
Basolateral amygdala connectivity with subgenual anterior cingulate cortex represents 
enhanced fear-related memory encoding in anxious humans. Biological Psychiatry: Cognitive 
Neuroscience and Neuroimaging, 5(3), 301-310.  

Hambrick, E. P., Brawner, T. W., & Perry, B. D. (2019). Timing of early-life stress and the development 
of brain-related capacities. Frontiers in behavioral neuroscience, 13, 183.  

Heim, C., & Nemeroff, C. B. (2001). The role of childhood trauma in the neurobiology of mood and 
anxiety disorders: preclinical and clinical studies. Biological Psychiatry, 49(12), 1023-1039.  

Heim, C., Newport, D. J., Heit, S., Graham, Y. P., Wilcox, M., Bonsall, R., . . . Nemeroff, C. B. (2000). 
Pituitary-adrenal and autonomic responses to stress in women after sexual and physical 
abuse in childhood. Jama, 284(5), 592-597.  

Heim, C., Newport, D. J., Wagner, D., Wilcox, M. M., Miller, A. H., & Nemeroff, C. B. (2002). The role 
of early adverse experience and adulthood stress in the prediction of neuroendocrine stress 
reactivity in women: a multiple regression analysis. Depression and anxiety, 15(3), 117-125.  

Henckens, M. J., van Wingen, G. A., Joels, M., & Fernandez, G. (2012). Corticosteroid induced 
decoupling of the amygdala in men. Cerebral cortex, 22(10), 2336-2345.  

Henderson, D., Hargreaves, I., Gregory, S., & Williams, J. M. G. (2002). Autobiographical memory and 
emotion in a non‐clinical sample of women with and without a reported history of childhood 
sexual abuse. British Journal of Clinical Psychology, 41(2), 129-141.  



 

92 

Hermans, E. J., Henckens, M. J., Joëls, M., & Fernández, G. (2014). Dynamic adaptation of large-scale 
brain networks in response to acute stressors. Trends in neurosciences, 37(6), 304-314.  

Het, Schoofs, D., Rohleder, N., & Wolf, O. T. (2012). Stress-induced cortisol level elevations are 
associated with reduced negative affect after stress: indications for a mood-buffering cortisol 
effect. Psychosomatic Medicine, 74(1), 23-32.  

Het, S., Rohleder, N., Schoofs, D., Kirschbaum, C., & Wolf, O. T. (2009). Neuroendocrine and 
psychometric evaluation of a placebo version of the 'Trier Social Stress Test'. 
Psychoneuroendocrinology, 34(7), 1075-1086.  

Het, S., & Wolf, O. T. (2007). Mood changes in response to psychosocial stress in healthy young 
women: effects of pretreatment with cortisol. Behavioral neuroscience, 121(1), 11.  

Inoue, A., Oshita, H., Maruyama, Y., Tanaka, Y., Ishitobi, Y., Kawano, A., . . . Akiyoshi, J. (2015). Gender 
determines cortisol and alpha-amylase responses to acute physical and psychosocial stress in 
patients with borderline personality disorder. Psychiatry research, 228(1), 46-52. 
doi:10.1016/j.psychres.2015.04.008 

Jedema, H. P., & Grace, A. A. (2004). Corticotropin-releasing hormone directly activates 
noradrenergic neurons of the locus ceruleus recorded in vitro. Journal of Neuroscience, 
24(43), 9703-9713.  

Jin, C., Qi, R., Yin, Y., Hu, X., Duan, L., Xu, Q., . . . Xiang, H. (2014). Abnormalities in whole-brain 
functional connectivity observed in treatment-naive post-traumatic stress disorder patients 
following an earthquake. Psychological medicine, 44(9), 1927-1936.  

Juengling, F. D., Schmahl, C., Heßlinger, B., Ebert, D., Bremner, J. D., Gostomzyk, J., . . . Lieb, K. (2003). 
Positron emission tomography in female patients with Borderline personality disorder. 
Journal of Psychiatric Research, 37(2), 109-115. doi:https://doi.org/10.1016/S0022-
3956(02)00084-5 

Kamphausen, S., Schröder, P., Maier, S., Bader, K., Feige, B., Kaller, C. P., . . . Klöppel, S. (2013). 
Medial prefrontal dysfunction and prolonged amygdala response during instructed fear 
processing in borderline personality disorder. The World Journal of Biological Psychiatry, 
14(4), 307-318.  

Khoury, J. E., Zona, K., Bertha, E., Choi-Kain, L., Hennighausen, K., & Lyons-Ruth, K. (2019). 
Disorganized attachment interactions among young adults with borderline personality 
disorder, other diagnoses, and no diagnosis. Journal of Personality Disorders, 1-21.  

Kim, S. H., & Hamann, S. (2007). Neural correlates of positive and negative emotion regulation. 
Journal of cognitive neuroscience, 19(5), 776-798.  

King, A. P., Block, S. R., Sripada, R. K., Rauch, S., Giardino, N., Favorite, T., . . . Liberzon, I. (2016). 
Altered default mode network (DMN) resting state functional connectivity following a 
mindfulness‐based exposure therapy for posttraumatic stress disorder (PTSD) in combat 
veterans of Afghanistan and Iraq. Depression and anxiety, 33(4), 289-299.  

Kirschbaum, C., Pirke, K. M., & Hellhammer, D. H. (1993). The 'Trier Social Stress Test'--a tool for 
investigating psychobiological stress responses in a laboratory setting. Neuropsychobiology, 
28(1-2), 76-81.  

Knefel, M., Tran, U. S., & Lueger-Schuster, B. (2016). The association of posttraumatic stress disorder, 
complex posttraumatic stress disorder, and borderline personality disorder from a network 
analytical perspective. Journal of Anxiety Disorders, 43, 70-78.  

Koenig, J., Kemp, A. H., Feeling, N. R., Thayer, J. F., & Kaess, M. (2016). Resting state vagal tone in 
borderline personality disorder: a meta-analysis. Progress in Neuro-Psychopharmacology and 
Biological Psychiatry, 64, 18-26.  

Kogler, L., Müller, V. I., Seidel, E.-M., Boubela, R., Kalcher, K., Moser, E., . . . Derntl, B. (2016). Sex 
differences in the functional connectivity of the amygdalae in association with cortisol. 
Neuroimage, 134, 410-423.  

Krause-Utz, A., Veer, I., Rombouts, S., Bohus, M., Schmahl, C., & Elzinga, B. (2014). Amygdala and 
anterior cingulate resting-state functional connectivity in borderline personality disorder 
patients with a history of interpersonal trauma. Psychological medicine, 44(13), 2889.  

https://doi.org/10.1016/S0022-3956(02)00084-5
https://doi.org/10.1016/S0022-3956(02)00084-5


 

93 

Kruse, O., León, I. T., Stalder, T., Stark, R., & Klucken, T. (2018). Altered reward learning and 
hippocampal connectivity following psychosocial stress. NeuroImage, 171, 15-25.  

Kudielka, B., Buske-Kirschbaum, A., Hellhammer, D., & Kirschbaum, C. (2004). HPA axis responses to 
laboratory psychosocial stress in healthy elderly adults, younger adults, and children: impact 
of age and gender. Psychoneuroendocrinology, 29(1), 83-98.  

Kuras, Y. I., McInnis, C. M., Thoma, M. V., Chen, X., Hanlin, L., Gianferante, D., & Rohleder, N. (2017). 
Increased alpha‐amylase response to an acute psychosocial stress challenge in healthy adults 
with childhood adversity. Developmental psychobiology, 59(1), 91-98.  

Kvetnanský, R., Fukuhara, K., Pacak, K., Cizza, G., Goldstein, D., & Kopin, I. (1993). Endogenous 
glucocorticoids restrain catecholamine synthesis and release at rest and during 
immobilization stress in rats. Endocrinology, 133(3), 1411-1419.  

Labonte, B., Azoulay, N., Yerko, V., Turecki, G., & Brunet, A. (2014). Epigenetic modulation of 
glucocorticoid receptors in posttraumatic stress disorder. Translational Psychiatry, 4(3), 
e368-e368.  

Lambert, H. K., & McLaughlin, K. A. (2019). Impaired hippocampus-dependent associative learning as 
a mechanism underlying PTSD: A meta-analysis. Neuroscience & Biobehavioral Reviews, 107, 
729-749.  

Lambert, H. K., Sheridan, M. A., Sambrook, K. A., Rosen, M. L., Askren, M. K., & McLaughlin, K. A. 
(2017). Hippocampal contribution to context encoding across development is disrupted 
following early-life adversity. Journal of Neuroscience, 37(7), 1925-1934.  

Lanius, R., Frewen, P., Vermetten, E., & Yehuda, R. (2010). Fear conditioning and early life 
vulnerabilities: two distinct pathways of emotional dysregulation and brain dysfunction in 
PTSD. European journal of psychotraumatology, 1(1), 5467.  

Lecei, A., & van Winkel, R. (2020). Hippocampal pattern separation of emotional information 
determining risk or resilience in individuals exposed to childhood trauma: Linking exposure to 
neurodevelopmental alterations and threat anticipation. Neuroscience & Biobehavioral 
Reviews, 108, 160-170.  

LeDoux, J. (2007). The amygdala. Current biology, 17(20), R868-R874.  
Liberzon, I., Abelson, J. L., Flagel, S. B., Raz, J., & Young, E. A. (1999). Neuroendocrine and 

psychophysiologic responses in PTSD: a symptom provocation study. 
Neuropsychopharmacology, 21(1), 40-50.  

Lissek, S., Bradford, D. E., Alvarez, R. P., Burton, P., Espensen-Sturges, T., Reynolds, R. C., & Grillon, C. 
(2014). Neural substrates of classically conditioned fear-generalization in humans: a 
parametric fMRI study. Social cognitive and affective neuroscience, 9(8), 1134-1142.  

Lovallo, W., Robinson, J. L., Glahn, D. C., & Fox, P. T. (2010). Acute effects of hydrocortisone on the 
human brain: An fMRI study. Psychoneuroendocrinology, 35(1), 15-20. 
doi:https://doi.org/10.1016/j.psyneuen.2009.09.010 

Lovallo, W. (1975). The cold pressor test and autonomic function: a review and integration. 
Psychophysiology, 12(3), 268-282.  

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress throughout the 
lifespan on the brain, behaviour and cognition. Nature reviews neuroscience, 10(6), 434-445.  

MacMillan, H. L., Georgiades, K., Duku, E. K., Shea, A., Steiner, M., Niec, A., . . . Schmidt, L. A. (2009). 
Cortisol response to stress in female youths exposed to childhood maltreatment: results of 
the youth mood project. Biol Psychiatry, 66(1), 62-68. doi:S0006-3223(08)01596-5 
[pii]10.1016/j.biopsych.2008.12.014 

Malivoire, B. L., Girard, T. A., Patel, R., & Monson, C. M. (2018). Functional connectivity of 
hippocampal subregions in PTSD: relations with symptoms. BMC psychiatry, 18(1), 129.  

Manthey, L., Leeds, C., Giltay, E. J., van Veen, T., Vreeburg, S. A., Penninx, B. W., & Zitman, F. G. 
(2011). Antidepressant use and salivary cortisol in depressive and anxiety disorders. 
European Neuropsychopharmacology, 21(9), 691-699.  

Marek, R., Jin, J., Goode, T. D., Giustino, T. F., Wang, Q., Acca, G. M., . . . Sah, P. (2018). Hippocampus-
driven feed-forward inhibition of the prefrontal cortex mediates relapse of extinguished fear. 
Nat Neurosci, 21(3), 384-392. doi:10.1038/s41593-018-0073-9 

https://doi.org/10.1016/j.psyneuen.2009.09.010


 

94 

Martín-Blanco, A., Ferrer, M., Soler, J., Salazar, J., Vega, D., Andión, O., . . . Feliu-Soler, A. (2014). 
Association between methylation of the glucocorticoid receptor gene, childhood 
maltreatment, and clinical severity in borderline personality disorder. Journal of Psychiatric 
Research, 57, 34-40.  

Marusak, H., Thomason, M., Peters, C., Zundel, C., Elrahal, F., & Rabinak, C. (2016). You say 
‘prefrontal cortex’and I say ‘anterior cingulate’: meta-analysis of spatial overlap in amygdala-
to-prefrontal connectivity and internalizing symptomology. Translational Psychiatry, 6(11), 
e944-e944.  

Marusak, H. A., Thomason, M. E., Peters, C., Zundel, C., Elrahal, F., & Rabinak, C. A. (2016). You say 
'prefrontal cortex' and I say 'anterior cingulate': meta-analysis of spatial overlap in amygdala-
to-prefrontal connectivity and internalizing symptomology. Transl Psychiatry, 6(11), e944. 
doi:10.1038/tp.2016.218 

Mateo, J. M. (2008). Inverted-U shape relationship between cortisol and learning in ground squirrels. 
Neurobiology of learning and memory, 89(4), 582-590.  

McCall, Jordan G., Al-Hasani, R., Siuda, Edward R., Hong, Daniel Y., Norris, Aaron J., Ford, 
Christopher P., & Bruchas, Michael R. (2015). CRH Engagement of the Locus Coeruleus 
Noradrenergic System Mediates Stress-Induced Anxiety. Neuron, 87(3), 605-620. 
doi:https://doi.org/10.1016/j.neuron.2015.07.002 

McCrory, E. J., De Brito, S. A., Kelly, P. A., Bird, G., Sebastian, C. L., Mechelli, A., . . . Viding, E. (2013). 
Amygdala activation in maltreated children during pre-attentive emotional processing. The 
British Journal of Psychiatry, 202(4), 269-276.  

McDermott, T. J., Badura-Brack, A. S., Becker, K. M., Ryan, T. J., Khanna, M. M., Heinrichs-Graham, E., 
& Wilson, T. W. (2016). Male veterans with PTSD exhibit aberrant neural dynamics during 
working memory processing: an MEG study. Journal of psychiatry & neuroscience: JPN, 41(4), 
251.  

McGowan, P. O., Sasaki, A., D'Alessio, A. C., Dymov, S., Labonté, B., Szyf, M., . . . Meaney, M. J. 
(2009). Epigenetic regulation of the glucocorticoid receptor in human brain associates with 
childhood abuse. Nature Neuroscience, 12(3), 342-348. doi:10.1038/nn.2270 

McRae, A. L., Saladin, M. E., Brady, K. T., Upadhyaya, H., Back, S. E., & Timmerman, M. A. (2006). 
Stress reactivity: biological and subjective responses to the cold pressor and Trier Social 
stressors. Human Psychopharmacology: Clinical and Experimental, 21(6), 377-385.  

Meaney, M. J. (2001). Maternal care, gene expression, and the transmission of individual differences 
in stress reactivity across generations. Annual review of neuroscience, 24(1), 1161-1192.  

Meaney, M. J., Diorio, J., Francis, D., Widdowson, J., LaPlante, P., Caldji, C., . . . Plotsky, P. M. (1996). 
Early Environmental Regulation of Forebrain Glucocorticoid Receptor Gene Expression: 
Implications for Adrenocortical Responses to Stress; pp. 61–72. Developmental neuroscience, 
18(1-2), 61-72.  

Meewisse, M. L., Reitsma, J. B., de Vries, G. J., Gersons, B. P., & Olff, M. (2007). Cortisol and post-
traumatic stress disorder in adults: systematic review and meta-analysis. Br J Psychiatry, 191, 
387-392.  

Metz, S., Duesenberg, M., Hellmann-Regen, J., Wolf, O. T., Roepke, S., Otte, C., & Wingenfeld, K. 
(2020). Blunted salivary cortisol response to psychosocial stress in women with 
posttraumatic stress disorder. Journal of Psychiatric Research. 
doi:https://doi.org/10.1016/j.jpsychires.2020.07.014 

Metz, S., Fleischer, J., Gärnter, M., Golde, S., Duesenberg, M., Roepke, S., . . . Wingenfeld, K. (2019). 
Effects of hydrocortisone on autobiographical memory retrieval in patients with 
posttraumatic stress disorder and borderline personality disorder: the role of childhood 
trauma. Neuropsychopharmacology, 1-7.  

Metz, S., Fleischer, J., Grimm, S., Gärnter, M., Golde, S., Duesenberg, M., . . . Wingenfeld, K. (2019). 
Resting-state functional connectivity after hydrocortisone administration in patients with 
post-traumatic stress disorder and borderline personality disorder. European 
Neuropsychopharmacology, 29(8), 936-946.  

https://doi.org/10.1016/j.neuron.2015.07.002
https://doi.org/10.1016/j.jpsychires.2020.07.014


 

95 

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cortex function. Annual review 
of neuroscience, 24(1), 167-202.  

Mitra, R., Jadhav, S., McEwen, B. S., Vyas, A., & Chattarji, S. (2005). Stress duration modulates the 
spatiotemporal patterns of spine formation in the basolateral amygdala. Proceedings of the 
National Academy of Sciences, 102(26), 9371-9376.  

Modinos, G., Ormel, J., & Aleman, A. (2010). Individual differences in dispositional mindfulness and 
brain activity involved in reappraisal of emotion. Social cognitive and affective neuroscience, 
5(4), 369-377.  

Mommersteeg, P., Keijsers, G. P., Heijnen, C. J., Verbraak, M. J., & van Doornen, L. J. (2006). Cortisol 
deviations in people with burnout before and after psychotherapy: a pilot study. Health 
Psychology, 25(2), 243.  

Morey, R., Dunsmoor, J., Haswell, C., Brown, V., Vora, A., Weiner, J., . . . LaBar, K. (2015). Fear 
learning circuitry is biased toward generalization of fear associations in posttraumatic stress 
disorder. Translational Psychiatry, 5(12), e700-e700.  

Morris, M. C., Compas, B. E., & Garber, J. (2012). Relations among posttraumatic stress disorder, 
comorbid major depression, and HPA function: a systematic review and meta-analysis. Clin 
Psychol Rev, 32(4), 301-315. doi:10.1016/j.cpr.2012.02.002S0272-7358(12)00024-4 [pii] 

Mulder, R. T., Beautrais, A. L., Joyce, P. R., & Fergusson, D. M. (1998). Relationship between 
dissociation, childhood sexual abuse, childhood physical abuse, and mental illness in a 
general population sample. American Journal of Psychiatry, 155(6), 806-811.  

Muraoka, M. Y., Carlson, J. G., & Chemtob, C. M. (1998). Twenty‐four‐hour ambulatory blood 
pressure and heart rate monitoring in combat‐related posttraumatic stress disorder. Journal 
of Traumatic Stress: Official Publication of The International Society for Traumatic Stress 
Studies, 11(3), 473-484.  

Nater, U. M., Bohus, M., Abbruzzese, E., Ditzen, B., Gaab, J., Kleindienst, N., . . . Ehlert, U. (2010). 
Increased psychological and attenuated cortisol and alpha-amylase responses to acute 
psychosocial stress in female patients with borderline personality disorder. 
Psychoneuroendocrinology, 35(10), 1565-1572. doi:10.1016/j.psyneuen.2010.06.002 

Nelson, J., Klumparendt, A., Doebler, P., & Ehring, T. (2017). Childhood maltreatment and 
characteristics of adult depression: meta-analysis. The British Journal of Psychiatry, 210(2), 
96-104.  

Norrholm, S. D., & Jovanovic, T. (2018). Fear processing, psychophysiology, and PTSD. Harvard review 
of psychiatry, 26(3), 129-141.  

O'Doherty, D. C., Chitty, K. M., Saddiqui, S., Bennett, M. R., & Lagopoulos, J. (2015). A systematic 
review and meta-analysis of magnetic resonance imaging measurement of structural 
volumes in posttraumatic stress disorder. Psychiatry Research: Neuroimaging, 232(1), 1-33.  

Oei, N. Y., Elzinga, B. M., Wolf, O. T., de Ruiter, M. B., Damoiseaux, J. S., Kuijer, J. P., . . . Rombouts, S. 
A. (2007). Glucocorticoids decrease hippocampal and prefrontal activation during declarative 
memory retrieval in young men. Brain imaging and behavior, 1(1-2), 31-41.  

Oitzl, M. S., Champagne, D. L., van der Veen, R., & de Kloet, E. R. (2010). Brain development under 
stress: hypotheses of glucocorticoid actions revisited. Neuroscience & biobehavioral reviews, 
34(6), 853-866.  

Oquendo, M., Echavarria, G., Galfalvy, H., Grunebaum, M., Burke, A., Barrera, A., . . . Mann, J. J. 
(2003). Lower cortisol levels in depressed patients with comorbid post-traumatic stress 
disorder. Neuropsychopharmacology, 28(3), 591.  

Orr, S. P., Metzger, L. J., Lasko, N. B., Macklin, M. L., Hu, F. B., Shalev, A. Y., & Pitman, R. K. (2003). 
Physiologic responses to sudden, loud tones in monozygotic twins discordant for combat 
exposure: association with posttraumatic stress disorder. Arch Gen Psychiatry, 60(3), 283-
288.  

Otte, C., Neylan, T. C., Pole, N., Metzler, T., Best, S., Henn-Haase, C., . . . Marmar, C. R. (2005). 
Association between childhood trauma and catecholamine response to psychological stress 
in police academy recruits. Biological Psychiatry, 57(1), 27-32.  



 

96 

Pagura, J., Stein, M. B., Bolton, J. M., Cox, B. J., Grant, B., & Sareen, J. (2010). Comorbidity of 
borderline personality disorder and posttraumatic stress disorder in the US population. 
Journal of Psychiatric Research, 44(16), 1190-1198.  

Pan, X., Kaminga, A. C., Wen, S. W., & Liu, A. (2018). Catecholamines in Post-traumatic Stress 
Disorder: A Systematic Review and Meta-Analysis. Front Mol Neurosci, 11, 450. 
doi:10.3389/fnmol.2018.00450 

Paret, C., Hoesterey, S., Kleindienst, N., & Schmahl, C. (2016). Associations of emotional arousal, 
dissociation and symptom severity with operant conditioning in borderline personality 
disorder. Psychiatry research, 244, 194-201.  

Paris, J. J., Franco, C., Sodano, R., Freidenberg, B., Gordis, E., Anderson, D. A., . . . Frye, C. A. (2010). 
Sex differences in salivary cortisol in response to acute stressors among healthy participants, 
in recreational or pathological gamblers, and in those with posttraumatic stress disorder. 
Hormones and behavior, 57(1), 35-45.  

Paulus, E. J., Argo, T. R., & Egge, J. A. (2013). The impact of posttraumatic stress disorder on blood 
pressure and heart rate in a veteran population. Journal of Traumatic Stress, 26(1), 169-172.  

Pavcovich, L. A., & Valentino, R. J. (1997). Regulation of a putative neurotransmitter effect of 
corticotropin-releasing factor: effects of adrenalectomy. Journal of Neuroscience, 17(1), 401-
408.  

Pavić, L., Gregurek, R., Radoš, M., Brkljačić, B., Brajković, L., Šimetin-Pavić, I., . . . Kalousek, V. (2007). 
Smaller right hippocampus in war veterans with posttraumatic stress disorder. Psychiatry 
Research: Neuroimaging, 154(2), 191-198.  

Pierce, M. E., & Pritchard, L. M. (2016). Lower stress-reactive cortisol in female veterans associated 
with military status but not PTSD. Stress, 19(5), 486-491. 
doi:10.1080/10253890.2016.1217841 

Pierrehumbert, B., Torrisi, R., Glatz, N., Dimitrova, N., Heinrichs, M., & Halfon, O. (2009). The 
influence of attachment on perceived stress and cortisol response to acute stress in women 
sexually abused in childhood or adolescence. Psychoneuroendocrinology, 34(6), 924-938. 
doi:10.1016/j.psyneuen.2009.01.006 

Powers, A., Cross, D., Fani, N., & Bradley, B. (2015). PTSD, emotion dysregulation, and dissociative 
symptoms in a highly traumatized sample. Journal of psychiatric research, 61, 174-179.  

Pratchett, L. C., & Yehuda, R. (2011). Foundations of posttraumatic stress disorder: does early life 
trauma lead to adult posttraumatic stress disorder? Development and psychopathology, 
23(2), 477-491.  

Raison, C. L., & Miller, A. H. (2003). When not enough is too much: the role of insufficient 
glucocorticoid signaling in the pathophysiology of stress-related disorders. American Journal 
of Psychiatry, 160(9), 1554-1565.  

Rauch, S. L., Shin, L. M., & Phelps, E. A. (2006). Neurocircuitry models of posttraumatic stress disorder 
and extinction: human neuroimaging research—past, present, and future. Biological 
Psychiatry, 60(4), 376-382.  

Rimmele, U., Besedovsky, L., Lange, T., & Born, J. (2013). Blocking mineralocorticoid receptors 
impairs, blocking glucocorticoid receptors enhances memory retrieval in humans. 
Neuropsychopharmacology, 38(5), 884-894.  

Rombold, F., Wingenfeld, K., Renneberg, B., Hellmann-Regen, J., Otte, C., & Roepke, S. (2016). 
Influence of the noradrenergic system on the formation of intrusive memories in women: an 
experimental approach with a trauma film paradigm. Psychological medicine, 46(12), 2523-
2534. doi:10.1017/S0033291716001379 

Sala, M., Perez, J., Soloff, P., Di Nemi, S. U., Caverzasi, E., Soares, J., & Brambilla, P. (2004). Stress and 
hippocampal abnormalities in psychiatric disorders. European Neuropsychopharmacology, 
14(5), 393-405.  

Salvador, R., Vega, D., Pascual, J. C., Marco, J., Canales-Rodríguez, E. J., Aguilar, S., . . . Pomarol-Clotet, 
E. (2016). Converging Medial Frontal Resting State and Diffusion-Based Abnormalities in 
Borderline Personality Disorder. Biological Psychiatry, 79(2), 107-116. 
doi:https://doi.org/10.1016/j.biopsych.2014.08.026 

https://doi.org/10.1016/j.biopsych.2014.08.026


 

97 

Santa Ana, E. J., Saladin, M. E., Back, S. E., Waldrop, A. E., Spratt, E. G., McRae, A. L., . . . Brady, K. T. 
(2006). PTSD and the HPA axis: differences in response to the cold pressor task among 
individuals with child vs. adult trauma. Psychoneuroendocrinology, 31(4), 501-509.  

Sapolsky, R. M. (2000). Glucocorticoids and hippocampal atrophy in neuropsychiatric disorders. 
Archives of general psychiatry, 57(10), 925-935.  

Schäfer, I., Borowski, J., & Cloitre, M. (2019). Behandlung der komplexen PTBS mit STAIR/Narrative 
Therapie Traumafolgestörungen (pp. 311-330): Springer. 

Schilling, T. M., Kölsch, M., Larra, M. F., Zech, C. M., Blumenthal, T. D., Frings, C., & Schächinger, H. 
(2013). For whom the bell (curve) tolls: Cortisol rapidly affects memory retrieval by an 
inverted U-shaped dose–response relationship. Psychoneuroendocrinology, 38(9), 1565-
1572.  

Schmahl, C. G., Vermetten, E., Elzinga, B. M., & Bremner, J. D. (2004). A positron emission 
tomography study of memories of childhood abuse in borderline personality disorder. 
Biological Psychiatry, 55(7), 759-765.  

Schulze, L., Domes, G., Krüger, A., Berger, C., Fleischer, M., Prehn, K., . . . Herpertz, S. C. (2011). 
Neuronal correlates of cognitive reappraisal in borderline patients with affective instability. 
Biological Psychiatry, 69(6), 564-573.  

Schulze, L., Schulze, A., Renneberg, B., Schmahl, C., & Niedtfeld, I. (2019). Neural correlates of 
affective disturbances: a comparative meta-analysis of negative affect processing in 
borderline personality disorder, major depressive disorder, and posttraumatic stress 
disorder. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 4(3), 220-232.  

Schwabe, L., & Wolf, O. T. (2013). Stress and multiple memory systems: from ‘thinking’to ‘doing’. 
Trends in cognitive sciences, 17(2), 60-68.  

Scott, L. N., Levy, K. N., & Granger, D. A. (2013). Biobehavioral reactivity to social evaluative stress in 
women with borderline personality disorder. Personality Disorders: Theory, Research, and 
Treatment, 4(2), 91.  

Shields, G. S. (2020). Stress and cognition: A user’s guide to designing and interpreting studies. 
Psychoneuroendocrinology, 112, 104475.  

Shin, L. M., Rauch, S. L., & Pitman, R. K. (2006). Amygdala, medial prefrontal cortex, and hippocampal 
function in PTSD. Annals of the New York Academy of Sciences, 1071(1), 67-79.  

Simeon, D., Knutelska, M., Smith, L., Baker, B. R., & Hollander, E. (2007). A preliminary study of 
cortisol and norepinephrine reactivity to psychosocial stress in borderline personality 
disorder with high and low dissociation. Psychiatry research, 149(1-3), 177-184.  

Stevens, A., Burkhardt, M., Hautzinger, M., Schwarz, J., & Unckel, C. (2004). Borderline personality 
disorder: impaired visual perception and working memory. Psychiatry research, 125(3), 257-
267.  

Stevens, J. S., Jovanovic, T., Fani, N., Ely, T. D., Glover, E. M., Bradley, B., & Ressler, K. J. (2013). 
Disrupted amygdala-prefrontal functional connectivity in civilian women with posttraumatic 
stress disorder. Journal of Psychiatric Research, 47(10), 1469-1478.  

Stevens, J. S., Kim, Y. J., Galatzer-Levy, I. R., Reddy, R., Ely, T. D., Nemeroff, C. B., . . . Ressler, K. J. 
(2017). Amygdala reactivity and anterior cingulate habituation predict posttraumatic stress 
disorder symptom maintenance after acute civilian trauma. Biological Psychiatry, 81(12), 
1023-1029.  

Su, S., Wang, X., Pollock, J. S., Treiber, F. A., Xu, X., Snieder, H., . . . Harshfield, G. A. (2015). Adverse 
childhood experiences and blood pressure trajectories from childhood to young adulthood: 
the Georgia stress and Heart study. Circulation, 131(19), 1674-1681. 
doi:10.1161/circulationaha.114.013104 

Symonds, C. S., McKie, S., Elliott, R., Deakin, J. F. W., & Anderson, I. M. (2012). Detection of the acute 
effects of hydrocortisone in the hippocampus using pharmacological fMRI. European 
Neuropsychopharmacology, 22(12), 867-874.  

Szeszko, P. R., Lehrner, A., & Yehuda, R. (2018). Glucocorticoids and hippocampal structure and 
function in PTSD. Harvard review of psychiatry, 26(3), 142-157.  



 

98 

Taylor, S. E. (2010). Mechanisms linking early life stress to adult health outcomes. Proceedings of the 
National Academy of Sciences, 107(19), 8507-8512.  

Teicher, M. H., Anderson, C. M., & Polcari, A. (2012). Childhood maltreatment is associated with 
reduced volume in the hippocampal subfields CA3, dentate gyrus, and subiculum. 
Proceedings of the National Academy of Sciences, 109(9), E563-E572.  

Turecki, G., & Meaney, M. J. (2016). Effects of the social environment and stress on glucocorticoid 
receptor gene methylation: a systematic review. Biological Psychiatry, 79(2), 87-96.  

Tyrka, A., Parade, S., Welch, E., Ridout, K., Price, L., Marsit, C., . . . Carpenter, L. (2016). Methylation 
of the leukocyte glucocorticoid receptor gene promoter in adults: associations with early 
adversity and depressive, anxiety and substance-use disorders. Translational Psychiatry, 6(7), 
e848-e848.  

Valentino, R. J., & Van Bockstaele, E. (2008). Convergent regulation of locus coeruleus activity as an 
adaptive response to stress. European journal of pharmacology, 583(2-3), 194-203.  

Van Dijke, A. (2012). Dysfunctional affect regulation in borderline personality disorder and in 
somatoform disorder. European journal of psychotraumatology, 3(1), 19566.  

Wagner, G., de la Cruz, F., Köhler, S., & Bär, K.-J. (2017). Treatment Associated Changes of Functional 
Connectivity of Midbrain/Brainstem Nuclei in Major Depressive Disorder. Scientific reports, 
7(1), 8675. doi:10.1038/s41598-017-09077-5 

Weinberg, A., Klonsky, E. D., & Hajcak, G. (2009). Autonomic impairment in borderline personality 
disorder: a laboratory investigation. Brain and cognition, 71(3), 279-286.  

Weiner, R. I., & Ganong, W. F. (1978). Role of brain monoamines and histamine in regulation of 
anterior pituitary secretion. Physiological Reviews, 58(4), 905-976.  

Weniger, G., Lange, C., Sachsse, U., & Irle, E. (2009). Reduced amygdala and hippocampus size in 
trauma-exposed women with borderline personality disorder and without posttraumatic 
stress disorder. Journal of psychiatry & neuroscience: JPN, 34(5), 383.  

Wessa, M., Rohleder, N., Kirschbaum, C., & Flor, H. (2006). Altered cortisol awakening response in 
posttraumatic stress disorder. Psychoneuroendocrinology, 31(2), 209-215.  

Wichmann, S., Kirschbaum, C., Bohme, C., & Petrowski, K. (2017). Cortisol stress response in post-
traumatic stress disorder, panic disorder, and major depressive disorder patients. 
Psychoneuroendocrinology, 83, 135-141. doi:10.1016/j.psyneuen.2017.06.005 

Wingenfeld, K., Driessen, M., Terfehr, K., Schlosser, N., Fernando, S. C., Otte, C., . . . Wolf, O. (2013). 
Effects of cortisol on memory in women with borderline personality disorder: role of co-
morbid post-traumatic stress disorder and major depression. Psychological medicine, 43(3), 
495-505.  

Wingenfeld, K., Driessen, M., Terfehr, K., Schlosser, N., Fernando, S. C., Otte, C., . . . Wolf, O. T. 
(2012). Cortisol has enhancing, rather than impairing effects on memory retrieval in PTSD. 
Psychoneuroendocrinology, 37(7), 1048-1056.  

Wingenfeld, K., Duesenberg, M., Fleischer, J., Roepke, S., Dziobek, I., Otte, C., & Wolf, O. (2018). 
Psychosocial stress differentially affects emotional empathy in women with borderline 
personality disorder and healthy controls. Acta Psychiatrica Scandinavica, 137(3), 206-215.  

Wingenfeld, K., Kuehl, L. K., Janke, K., Hinkelmann, K., Eckert, F. C., Roepke, S., & Otte, C. (2015). 
Effects of mineralocorticoid receptor stimulation via fludrocortisone on memory in women 
with borderline personality disorder. Neurobiology of learning and memory, 120, 94-100.  

Wingenfeld, K., Spitzer, C., Mensebach, C., Grabe, H. J., Hill, A., Gast, U., . . . Driessen, M. (2010). The 
German version of the Childhood Trauma Questionnaire (CTQ): preliminary psychometric 
properties. Psychotherapie, Psychosomatik, Medizinische Psychologie, 60(11), 442-450.  

Wingenfeld, K., Spitzer, C., Rullkötter, N., & Löwe, B. (2010). Borderline personality disorder: 
hypothalamus pituitary adrenal axis and findings from neuroimaging studies. 
Psychoneuroendocrinology, 35(1), 154-170.  

Wingenfeld, K., Whooley, M. A., Neylan, T. C., Otte, C., & Cohen, B. E. (2015). Effect of current and 
lifetime posttraumatic stress disorder on 24-h urinary catecholamines and cortisol: results 
from the Mind Your Heart Study. Psychoneuroendocrinology, 52, 83-91. 
doi:10.1016/j.psyneuen.2014.10.023 



 

99 

Wingenfeld, K., & Wolf, O. T. (2015). Effects of cortisol on cognition in major depressive disorder, 
posttraumatic stress disorder and borderline personality disorder-2014 Curt Richter Award 
Winner. Psychoneuroendocrinology, 51, 282-295.  

Wittchen, H. U., Zaudig, M., & Fydrich, T. (1997). Strukturiertes Klinisches Interview für DSM-IV. Achse 
I: Psychische Störungen. SKID-I.: Hogrefe. Göttingen, Bern, Toronto, Seattle. 

Wolfram, M., Bellingrath, S., & Kudielka, B. M. (2011). The cortisol awakening response (CAR) across 
the female menstrual cycle. Psychoneuroendocrinology, 36(6), 905-912. 
doi:https://doi.org/10.1016/j.psyneuen.2010.12.006 

Wu, Y., Li, H., Zhou, Y., Yu, J., Zhang, Y., Song, M., . . . Jiang, T. (2016). Sex-specific neural circuits of 
emotion regulation in the centromedial amygdala. Scientific reports, 6(1), 1-10.  

Yehuda, R., Golier, J. A., Bierer, L. M., Mikhno, A., Pratchett, L. C., Burton, C. L., . . . Harvey, P. D. 
(2010). Hydrocortisone responsiveness in Gulf War veterans with PTSD: Effects on ACTH, 
declarative memory hippocampal [18F] FDG uptake on PET. Psychiatry Research: 
Neuroimaging, 184(2), 117-127.  

Yehuda, R., Golier, J. A., Yang, R.-K., & Tischler, L. (2004). Enhanced sensitivity to glucocorticoids in 
peripheral mononuclear leukocytes in posttraumatic stress disorder. Biological Psychiatry, 
55(11), 1110-1116. doi:https://doi.org/10.1016/j.biopsych.2004.02.010 

Yehuda, R., Harvey, P. D., Buchsbaum, M., Tischler, L., & Schmeidler, J. (2007). Enhanced effects of 
cortisol administration on episodic and working memory in aging veterans with PTSD. 
Neuropsychopharmacology, 32(12), 2581-2591.  

Yehuda, R., Harvey, P. D., Golier, J. A., Newmark, R. E., Bowie, C. R., Wohltmann, J. J., . . . Buchsbaum, 
M. S. (2009). Changes in relative glucose metabolic rate following cortisol administration in 
aging veterans with posttraumatic stress disorder: an FDG-PET neuroimaging study. The 
Journal of neuropsychiatry and clinical neurosciences, 21(2), 132-143.  

Yehuda, R., Southwick, S. M., Krystal, J. H., Bremner, D., Charney, D. S., & Mason, J. W. (1993). 
Enhanced suppression of cortisol following dexamethasone administration in posttraumatic 
stress disorder. American Journal of Psychiatry, 150, 83-83.  

Young, K. D., Erickson, K., Nugent, A. C., Fromm, S. J., Mallinger, A. G., Furey, M. L., & Drevets, W. C. 
(2012). Functional anatomy of autobiographical memory recall deficits in depression. 
Psychological medicine, 42(2), 345-357.  

Zaba, M., Kirmeier, T., Ionescu, I. A., Wollweber, B., Buell, D. R., Gall-Kleebach, D. J., . . . Schmidt, U. 
(2015). Identification and characterization of HPA-axis reactivity endophenotypes in a cohort 
of female PTSD patients. Psychoneuroendocrinology, 55, 102-115. 
doi:10.1016/j.psyneuen.2015.02.005 

Zimmerman, D. J., & Choi-Kain, L. W. (2009). The hypothalamic-pituitary-adrenal axis in borderline 
personality disorder: A review. Harvard review of psychiatry, 17(3), 167-183. 
doi:10.1080/10673220902996734 

Zoladz, P. R., & Diamond, D. M. (2013). Current status on behavioral and biological markers of PTSD: 
a search for clarity in a conflicting literature. Neurosci Biobehav Rev, 37(5), 860-895. 
doi:10.1016/j.neubiorev.2013.03.024S0149-7634(13)00084-5 [pii] 

 
 
 
 
 
 
 
 
 
 

https://doi.org/10.1016/j.psyneuen.2010.12.006
https://doi.org/10.1016/j.biopsych.2004.02.010


 

100 

8. Appendix 

 

 
 

 

 

 

 

 

 

 

 

List of Figures   

Figure 1. The aim of the current dissertation project……………………………………. 7 

Figure 2. Clinical symptoms in PTSD and BPD………………………………………... 10 

Figure 3. Psychopathology of BPD and HPA axis dysregulation………………………. 16 

Figure 4. Clinical symptoms and stress-regulating systems in PTSD and BPD………….. 17 

Figure 5. Clinical symptoms, stress-regulating systems and stress-relevant brain regions 

in PTSD and BPD………………………………………………………………………... 

 

22 

Figure 6. Psychopathology in two possible dimensions, HPA axis dysregulation and 

the effect of cortisol on memory retrieval……………………………………………….. 

 

25 

Figure 7. Clinical symptoms, stress-regulating systems, stress-relevant brain regions 

and the stress-brain interaction in PTSD and BPD……………………………………… 

 

26 

Figure 8. Aims of the current dissertation project in a nutshell…………………………. 29 

Figure 9. Study design of study one……………………………………………………... 33 

Figure 10. Study design of study two and three…………………………………………. 33 

Figure 11. AMT…………………………………………………………………………. 34 

Figure 12. Summary of results (study 1, 2 and 3)……………………………………….. 66 

Figure 13. Glucocorticoids and memory retrieval………………………………………. 75 

Figure 14. Results of study one, two and three in the light of the existing body of 

literature…………………………………………………………………………………. 

 

77 

Figure 15. The role of CT……………………………………………………………….. 78 

Figure 16. HPA axis reactivity after stress in participants with CT…………………….. 79 

Figure 17. A hypothetical model: Effects of childhood trauma………………………... 82 

Figure 18. Research design for a possible future study in patients with PTSD…………. 84 



 

101 

List of Abbreviations 

AA = Alpha amylase.  

ACC = Anterior cingulate cortex. 

ACTH = Adrenocorticotrophic hormone. 

AM = Autobiographical memory. 

AMT = Autobiographical memory test 

BNDF = Brain-derived neurotrophic factor.  

BOLD = Blood oxygen level dependent. 

BPD = Borderline personality disorder. 

BSL = Borderline symptom list. 

CNS = Central nervous system 

CRH = Corticotrophin-releasing-hormone.  

CT = Childhood trauma. 

CTQ = Childhood trauma questionnaire. 

dmPFC = dorsomedial prefrontal cortex.  

DSM = Diagnostic and Statistical Manual of Mental Disorders.  

GR = Glucocorticoid receptor. 

HPA = Hypothalamic-pituitary-adrenal. 

HRV = Heart rate variability.  

LC = Locus coreolus. 

LTP = Long term potentiation.  

MDD = Major depressive disorder.  

mPFC = Medial prefrontal cortex. 

MR = Mineralocorticoid receptor.  

mRNA = Messenger ribonucleic acid. 

OFC = Orbitofrontal cortex. 

PCC = Posterior cingulate cortex.  

PDS-r = Posttraumatic stress diagnostic scale. 

PET = Positron emission tomography. 

PFC = Prefrontal cortex. 

PTSD = Posttraumatic stress disorder. 



 

102 

P-TSST = Placebo TSST.   

RSFC = Resting state functional connectivity.  

sAA = Salivary alpha amylase.  

SCID = Structured Clinical Interview for DSM. 

SNS = Sympathetic nervous system. 

TSST = Trier social stress test.  

vmPFC = ventromedial prefrontal cortex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

103 

Supplementary Material – Study 1: Psychophysiological stress response in PTSD 

This chapter was published as supplementary material in:  

Metz, S., Duesenberg, M., Hellmann-Regen, J., Wolf, O. T., Roepke, S., Otte, C., & 

Wingenfeld, K. (2020). Blunted salivary cortisol response to psychosocial stress in women with 

posttraumatic stress disorder. Journal of Psychiatric Research, 130, 112-119. 

DOI: 10.1016/j.jpsychires.2020.07.014 

https://www.sciencedirect.com/science/article/abs/pii/S0022395620308797?via%3Dihub  

 
 

https://www.sciencedirect.com/science/article/abs/pii/S0022395620308797?via%3Dihub


 

106 

Supplementary Material – Study 3: Effects of hydrocortisone on autobiographical 

memory retrieval in PTSD and BPD 

This chapter was published as supplementary material in: 

Metz, S., Fleischer, J., Gärnter, M., Golde, S., Duesenberg, M., Roepke, S., ... & Wingenfeld, 

K. (2019). Effects of hydrocortisone on autobiographical memory retrieval in patients with 

posttraumatic stress disorder and borderline personality disorder: the role of childhood 

trauma. Neuropsychopharmacology, 44(12), 2038-2044. 

DOI: 10.1038/s41386-019-0459-8 

 

https://www.nature.com/articles/s41386-019-0459-8#Sec19  

 

 

 

 

 

 

https://www.nature.com/articles/s41386-019-0459-8#Sec19


 

110  

 Sophie Metz, M.Sc. Psychologie 

Charité Universitätsmedizin Berlin 

Klinik für Psychiatrie und Psychotherapie 

Campus Benjamin Franklin 

Hindenburgdamm 30 

12203 Berlin 

Tel: +49-30-450-517548 

Sophie.metz@charite.de 

   

Wissenschaftliche Tätigkeiten  

 

  

   

Seit 10/2016  Wissenschaftliche Mitarbeiterin  

Charité Universitätsmedizin Berlin, 

Campus Benjamin Franklin  

Klinik für Psychiatrie und 

Psychotherapie, AG Stress und 

Gedächtnis 

 

03/2016 – 09/2016 

 

 Studentische Mitarbeiterin 

Charité Universitätsmedizin Berlin, 

Campus Benjamin Franklin  

Klinik für Psychiatrie und 

Psychotherapie 

 

Aus- und Weiterbildung   

   

Seit 06/2017   Ausbildung zur psychologischen 

Psychotherapeutin, Fachkunde für 

Verhaltenstherapie, Deutsche 

Gesellschaft für Verhaltenstherapie, 

Berlin 

 

Master of Advanced Studies 

Psychotherapie, Universität Bern 

 

Seit 04/2017  Promotionsstudium der Psychologie an 

der Freien Universität in Berlin  

 

08/2014 –  06/2016 

 

 Studium der Psychologie (Master of 

Science) an der Universität Trier 

 

08/2012 – 12/2012 

 

 Auslandssemester an der Université 

Rennes 2 (Rennes, Bretagne, 

Frankreich) 

 

10/2010 – 03/2014 

 

 Studium der Psychologie (Bachelor of 

Science) an der Friedrich-Alexander-

Universität Erlangen-Nürnberg 

 

Auszeichnungen und 

Stipendien  

  

   



 

111  

2012  Erasmusstipendium 

(Auslandsaufenthalt an der Université 

Rennes 2) 

 

2018-2019  Promotionsabschlussstipendium II der 

Charité 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

112  

List of publications: 
 

Metz, S., Duesenberg, M., Hellmann-Regen, J., Wolf, O. T., Roepke, S., Otte, C., & Wingenfeld, K. 

(2020). Blunted salivary cortisol response to psychosocial stress in women with posttraumatic stress 

disorder. Journal of Psychiatric Research.  

    

Metz, S., Waiblinger-Grigull, T., Schulreich, S., Chae, W. R., Otte, C., Heekeren, H. R., & 

Wingenfeld, K. (2020). Effects of hydrocortisone and yohimbine on decision-making under risk. 

Psychoneuroendocrinology, 114, 104589. 

 

Metz, S., & Wingenfeld, K. (2020). Increased Basolateral Amygdala Functional Connectivity With 

Subgenual Anterior Cingulate Cortex and Fear-Related Memory Encoding in High Anxious 

Participants: A Premorbid Feature? Biological psychiatry. Cognitive neuroscience and neuroimaging, 

5(3), 256. 

 

Metz, S., Fleischer, J., Gaertner, M., Golde, S., Duesenberg, M., Roepke, S., …. & Wingenfeld, K. (in 

press). Effects of hydrocortisone on autobiographical memory retrieval in patients with posttraumatic 

stress disorder and borderline personality disorder: The role of childhood trauma. 

Neuropsychopharmacology.  

 

Metz, S., Fleischer, J., Gaertner, M., Golde, S., Duesenberg, M., Roepke, S., …. & Wingenfeld, K. (in 

press). Resting-state functional connectivity after hydrocortisone administration in patients with post-

traumatic stress disorder and borderline personality disorder. European Neuropsychopharmacology.  

 

Metz, S., Aust, S., Fan, Y., Bönke, L., Harki, Z., Gärtner, M., ... & Grimm, S. (2018). The influence of 

early life stress on the integration of emotion and working memory. Behavioural brain research, 339, 

179-185. 

 

Graumann, L., Duesenberg, M., Metz, S., Schulze, L., Wolf, O. T., Roepke, S., ... & Wingenfeld, K. 

(2020). Facial emotion recognition in borderline patients is unaffected by acute psychosocial 

stress. Journal of Psychiatric Research. 

 

Chae, WR., Metz, S., Weise, J., Nowacki, J., Piber, D., Mueller, S., Wingenfeld, K., & Otte, C. (in 

press). Effects of glucocorticoid and noradrenergic activity on spatial learning and spatial memory in 

healthy young adults. Behavioural Brain Research.  

 

Duesenberg, M., Wolf, O. T., Metz, S., Roepke, S., Fleischer, J., Elias, V., ... & Wingenfeld, K. 

(2019). Psychophysiological stress response and memory in borderline personality disorder. European 

journal of psychotraumatology, 10(1), 1568134. 

 

Fleischer, J., Metz, S., Düsenberg, M., Grimm, S., Golde, S., Roepke, S., ... & Wingenfeld, K. (2019). 

Neural correlates of glucocorticoids effects on autobiographical memory retrieval in healthy women. 

Behavioural Brain Research, 359, 895-902. 

 

Gärtner, M., Ghisu, M. E., Scheidegger, M., Bönke, L., Fan, Y., Stippl, A., Herrera-Melendez, A., 

Metz, S.... & Henning, A. (2018). Aberrant working memory processing in major depression: 

evidence from multivoxel pattern classification. Neuropsychopharmacology, 1. 

 

El Khawli, E., Fan, Y., Aust, S., Wirth, K., Bönke, L., Stevense, A., Herrera, A., Metz, S. ... & 

Grimm, S. (2018). Early-Life stress modulates neural networks associated with habitual use of 

reappraisal. Behavioural brain research, 337, 210-217. 

 

 

 

 

 



 

113  

Congress contributions:  
 

Metz, S., Fleischer, J., Otte, C. & Wingenfeld, K. (2019). The role of childhood trauma in effects of 

hydrocortisone on autobiographical memory retrieval in patients with post-traumatic stress disorder 

and borderline personality disorder. Vortrag: 9. World Congress of Behavioural and Cognitive 

Therapies, Berlin. 

 

Metz, S.,  Chae, WR. , Otte, C. & Wingenfeld, K. (2019). Effekte von Hydrocortison und 

Yohimbin auf emotionale Gesichtererkennung. Poster: 45. Tagung Psychologie und Gehirn, 

Dresden. 

 

Metz, S., Fleischer, J., Grimm, S., Gärnter, M. Golde, S., Duesenberg, M., Roepke, S., Otte, C., Wolf, 

O.T. & Wingenfeld, K. (2018). Resting-state functional connectivity after hydrocortisone 

administration in patients with post-traumatic stress disorder and borderline personality disorder. 

Poster: DGPPN (Deutsche Gesellschaft für Psychiatrie und Psychotherapie, Psychosomatik und 

Nervenheilkunde) Kongress, Berlin. 

Metz, S., Fleischer, J., Otte, C., Wolf, O.T. & Wingenfeld, K. (2018). Effekte von Hydrocortison auf 

den Gedächtnisabruf und deren neuronale Korrelate bei gesunden Kontrollprobandinnen. Poster: 44. 

Tagung Psychologie und Gehirn, Gießen. 

 

Metz, S., Fleischer, J., Golde, S., Otte, C., Wolf, O.T. & Wingenfeld, K. (2017). The Influence of 

Hydrocortisone on Memory Retrieval in Patients with Borderline Personality Disorder and Healthy 

Controls. Poster: WPA XVII World Congress of Psychiatry, Berlin. 

 

Metz, S., Fleischer, J., Otte, C. & Wingenfeld, K. (2017). Effekte von Hydrocortison auf den 

Gedächtnisabruf und deren neuronale Korrelate bei Patienten mit Borderline-

Persönlichkeitsstörung. Vortrag: 43. Tagung Psychologie und Gehirn, Trier.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

114  

Beiträge anderer Personen (contributors):  

Bezüglich der bereits veröffentlichten Publikationen (Kapitel 3, 4, und 5) der vorliegenden 

Dissertation sind die Beiträge der Ko-Autoren, wie bereits teilweise in den Publikationen 

beschrieben, wie folgt:  Alle Ko-Autoren haben die veröffentlichten Publikationen gelesen und 

zu der Überarbeitung beigetragen sowie wie der finalen Form der Manuskripte zugestimmt. 

Katja Wingenfeld, Christian Otte, Stefan Röpke und Oliver Wolf haben die Studien konzipiert. 

Juliane Fleischer, Moritz Düsenberg und Sabrina Golde haben zur Datenanalyse und 

Datenerhebung beigetragen und Matti Gärtner, Simone Grimm und Julian Hellmann-Regen 

haben zur Datenanalyse beigetragen. Alle Studien wurden von der Deutschen 

Forschungsgemeinschaft (DFG) unterstützt [DFG-Grant WI 3396/2–3 to KW, OTW and CO].  

 

Eidesstattliche Versicherung (statement of authorship) 

Ich versichere, dass ich die vorgelegte Arbeit selbstständig und ohne unerlaubte Hilfe 

angefertigt habe. Ich habe die vorliegende Dissertation an keiner anderen Universität 

eingereicht und besitze keinen Doktorgrad im Fach Psychologie. Die Promotionsordnung der 

Freien Universität Berlin vom 08.08.2016 (FU-Mitteilung 35/2016) ist mir bekannt.  

 

 

Berlin, den 02.11.2020 

___________________________________________________  

Sophie Metz 

 

 

 

 

 

 

 

 

 

 

 

 

 


