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Abstract

Stress constitutes a major risk factor for the development of psychiatric disorders, such
as PTSD and anxiety disorders, by shifting the brain into a state of sensitization and makes it
more vulnerable when being exposed to further aversive events. This was experimentally in-
vestigated in rodents by examining the effect of a distal stress induction on threat conditioning,
where stress impaired extinction learning and caused spontaneous recovery. However, this ef-
fect has never been experimentally investigated in humans, so far. Thus, the aim of this disser-

tation was to investigate the effect of distal stress on threat conditioning in humans.

Therefore, two subsequent studies were conducted. For both studies, the threat condi-
tioning paradigm comprised threat acquisition, extinction learning, and re-extinction. In the
threat acquisition phase, two geometrical shapes were used as conditioned stimulus (CS), from
which one (CS+) was paired with a painful electric stimulus (unconditioned stimulus, US), but
not the other one (CS-). During extinction learning 24 h later and re-extinction seventeen days

later, CSs were again presented but without any US delivery.

In Study 1, 69 participants underwent either a stress (socially evaluated cold pressor test;
SECPT) or sham protocol 10 days prior to threat conditioning. Furthermore, context effects
were examined by placing the stress protocol in the same context (context-A stress, and sham
group) or a different context (context-B stress group) than conditioning. Results revealed that
the context-A, but not context-B, stress group displayed impaired safety learning (i.e. potenti-
ation towards CS-) for startle response during threat acquisition. Moreover, the same stress
group showed impaired threat extinction, evident in sustained CS discrimination in valence and
arousal ratings during extinction learning, and memory recall. In sum, distal stress on the one
hand impaired safety learning during threat conditioning on a level of startle response. On the
other hand, stress impaired threat extinction on a level of ratings. Noteworthy, the effect of
distal stress was only found when the stressor was placed in the same context as later threat
learning. Hence, suggesting that the combination of stressor and stressor-associated context

exerted the effect on threat extinction.

In Study 2, it was examined if distal stress induction could also have an impact on threat
and extinction processes without the necessity of context association. Therefore, the same
stress (n = 45) or sham protocol (n = 44) as in Study 1 was conducted in a different context

than and 24 h prior to a threat conditioning paradigm. Similar to Study 1, weakened extinction
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learning was found in fear ratings for the stress (vs. sham) group, which was indicated by per-
sistent CS+/CS- differentiation after the first block of extinction trials. Alterations in safety
learning towards the CS- during threat acquisition were only supported by significant correla-
tions between stress measures on the stress day and conditioned startle response of the CS-

during acquisition.

Taken together, in two subsequent studies this dissertation provided first evidence of im-
paired threat extinction after distal stress induction in humans. Furthermore, impairments in
safety learning, as can be observed in PTSD, were additionally demonstrated. Interestingly, the
effects were boosted and more profound when associating the stressor to the later learning
context. These results have clinical implications as they can be translated to the notion that

prior stress exposure makes an individual more vulnerable for later aversive events.
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Zusammenfassung

Stress stellt einen Hauptrisikofaktor fiir die Entstehung einer psychiatrischen Erkran-
kung, insbesondere PTSD und Angststérungen, dar. Dieser Prozess wird vermittelt iiber einen
Wechsel des Gehirns in einen Zustand der Sensibilisierung, welcher das Individuum vulnerab-
ler bei der Exposition eines weiteren aversiven Ereignisses macht. Experimentell lie3 sich dies
in Tierstudien durch Untersuchungen des Effektes von distalem Stress auf Threat-Konditionie-
rung nachweisen. Die Ergebnisse der Studien weisen auf ein verschlechtertes Extinktionsler-
nen und dessen Abruf aufgrund der Stressinduktion hin. Experimentelle Untersuchungen die-
ses Effektes beim Menschen fehlen jedoch bislang. Daher hat sich diese Dissertation das Ziel
gesetzt, eben diesen Effekt von distalem Stress auf Threat-Konditionierung im Menschen zu

untersuchen.

Hierzu wurden zwei aufeinander auftbauende Studien durchgefiihrt. In beiden Studien
wurden differenzielle Threat-Konditionierungsparadigmen verwendet, welche aus den Phasen
der Threat-Akquisition, des Extinktionslernens und der Re-Extinktion bestanden. In der
Threat-Akquisitionsphase wurden zwei geometrische Figuren als konditionierte Stimuli (CS)
verwendet. Eine dieser Figuren (CS+) wurde mit einem leicht schmerzhaften elektrischen
Stromreiz (unkonditionierter Stimulus, US) gekoppelt, wohingegen solch eine Paarung mit der
anderen Figur (CS-) ausblieb. Wiahrend des Extinktionslernens und der Re-Extinktion, welche
jeweils 24 h und 17 Tage nach der Akquisition stattfanden, wurden beide CSs ohne US-Paa-

rung wiederholt présentiert.

In der ersten Studie durchliefen 69 Probanden entweder ein Stress- (Sozial-evaluativer
Cold Pressor Test, SECPT) oder ein Sham-Kontrollprotokoll, welches zehn Tage vor dem
Threat-Konditionierungsparadigma stattfand. Dariiber hinaus wurden Kontexteffekte unter-
sucht. Dieses wurde durch die Platzierung des Stressprotokolls, entweder im gleichen (Kontext-
A Stress & Shamgruppe) oder in einem anderen Kontext (Kontext-B Stressgruppe) als das Lern-
paradigma, realisiert. Die Ergebnisse demonstrieren fiir die Kontext-A Stressgruppe im Ge-
gensatz zur Kontext-B Stressgruppe wiahrend der Akquisitionsphase ein verschlechtertes Si-
cherheitslernen (d.h. eine Potenzierung der konditionierten Reaktionen des CS-) in der Startle-
Reaktion. Dartiber hinaus demonstrierte dieselbe Stressgruppe verschlechterte Extinktion, was
sich in persistierender CS-Diskrimination in Valenz- und Arousalratings wiahrend des Extink-
tionslernens und des Gedachtnisabrufes dullerte. Zusammenfassend ldsst sich sagen, dass dis-

taler Stress einerseits das Sicherheitslernen wéhrend der Akquisitionsphase auf der Ebene der
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Startle-Reaktion verschlechterte. Andererseits verschlechterte Stress die Extinktion und ver-
stiarkte die Furchtriickkehr auf der Ebene der subjektiven Ratings. Allerdings ist wichtig zu
erwéhnen, dass diese Effekte des distalen Stresses nur gefunden wurden, wenn der Stressor im
gleichen Kontext wie das Konditionierungsparadigma appliziert wurde. Dieses ldsst vermuten,
dass die Kombination aus Stressor und stressor-assoziiertem Kontext den verschlechternden

Effekt auf die Extinktion ausubten.

In der zweiten Studie wurde darauf aufbauend untersucht, ob distale Stressinduktion ei-
nen Einfluss auf Threat- und Extinktionsprozesse, auch ohne die Notwendigkeit der Kontextas-
soziation, haben kann. Hierflir wurden das gleiche Stress- (n =45) und Sham-Kontrollprotokoll
(n = 44) wie in Studie 1 durchlaufen. In diesem Fall jedoch in einem anderen Kontext und
24 h vor dem Konditionierungsparadigma. Vergleichbar mit Studie 1 konnte abgeschwichtes
Extinktionslernen fiir die Stress- im Vergleich zur Shamgruppe festgestellt werden. Es zeigte
sich nur fiir die Stressgruppe eine anhaltende CS+/CS- Differenzierung in den Furchtratings
nach dem ersten Block des Extinktionslernens. Unterschiede im Sicherheitslernen beziiglich
des CS- wihrend der Akquisitionsphase lieBen sich nicht finden. Jedoch deuten signifikante
Korrelation zwischen Stressmaflen am Stresstag und der konditionierten Startle-Reaktion auf

den CS- wihrend der Akquisition auf einen Einfluss von Stress auf das Sicherheitslernen hin.

Zusammengefasst liefern die Studien dieser Dissertation erste Evidenzen fiir verschlech-
terte Extinktionsprozesse nach distaler Stressinduktion beim Menschen. Dariiber hinaus konn-
ten Einbuflen im Sicherheitslernen aufgrund des Stressors verzeichnet werden. Hervorzuheben
ist, dass der Stresseffekt durch die Assoziation zwischen Stressor und Konditionierungskontext
verstirkt wurde. Die Ergebnisse dieser Dissertation haben klinische Relevanz, da sie erste ex-
perimentelle Evidenzen am Menschen fiir die Annahme liefern, dass vorherige Stresserfahrun-

gen ein Individuum vulnerabler fiir spéteres aversives Lernen machen.
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1 Introduction

Although stress is an adaptive process to cope and overcome (potential) challenging and
threatening circumstances, the experience of chronic or traumatic stress is associated with neg-
ative outcomes for both physical and psychological health (McEwen, 1998). Physical illnesses
that are associated with the exposure to stress are cardiovascular diseases (e.g., hypertension,
risk for stroke), obesity, diabetes, inflammatory and autoimmune disorders, gastrointestinal
conditions, neuronal atrophy, and death of nerve cells (Husarewycz, El-Gabalawy, Logsetty,
& Sareen, 2014; McEwen, 1998; Schneiderman, Ironson, & Siegel, 2005; Vig, El-Gabalawy,
& Asmundson, 2020). For psychological well-being, chronic stress or early life trauma has an
impact on the development anxiety disorders and trauma- and stressor-related disorders (de
Kloet, Joéls, & Holsboer, 2005; Evans, Li, & Whipple, 2013; Lupien, McEwen, Gunnar, &
Heim, 2009; McEwen, 1998, 2003; McLaughlin, 2016, 2020; Pratchett & Yehuda, 2011;
Stroud, 2020).

The lifetime prevalence for the mentioned disorders are high, ranging from 16.6 % to
28.8% for all anxiety disorders (Kessler et al., 2005; Somers, Goldner, Waraich, & Hsu, 2006)'
and 2.1 % to 8.3 % for posttraumatic stress disorder (PTSD; Goldstein et al., 2016; Kessler et
al., 2005; Kilpatrick et al., 2013; Somers et al., 2006), the most prominent trauma and stressor-
related disorder. These disorders do not only cause a high level of subjective psychological
strain, but also affect mortality, cause functional impairments (e.g., reduced vocational perfor-
mance, increased risk for unemployment, and disrupted relationships), and result in a high uti-
lization of and financial burden for the health care system (Brunello et al., 2001; Gillespie et
al., 2009; Kessler, 2000; Klerman, Weissman, Ouellette, Johnson, & Greenwald, 1991;
Kubzansky, Koenen, Spiro, Vokonas, & Sparrow, 2007; Wang et al., 2007; Weiss et al., 2011).
Therefore, investigating mechanisms, which explain the development of these psychiatric dis-
orders, is crucial. Especially, since stress is such a burden on (psychological) health, its influ-

ence as major risk factor for the development of psychiatric disorders is essential.

!'Note here that diagnoses of anxiety disorders were performed with the diagnostic and statistical manual of mental
disorders (4th ed.; DSM-4; American Psychiatric Association, 2000), where PTSD is specified as anxiety disorder.
However, in the DSM-5 (American Psychiatric Association, 2013) PTSD is listed as trauma and stressor-related
disorder.
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1.1 Posttraumatic stress disorder

PTSD is specified as a trauma- and stressor-related disorder in the diagnostic and statis-
tical manual of mental disorders (5th ed.; DSM-5; American Psychiatric Association, 2013)
and is unique among psychiatric disorders, as its onset often arises from the exposure to a
distinct traumatic stressful event (La Greca, Danzi, Marchante-Hoffman, & Tarlow, 2020).
Hence, PTSD constitutes a perfect example for the influence of stress on the development of
psychological disorders. There are five key characteristics or criterions for the diagnosis of
PTSD: the exposure to a traumatic event, the re-experience of the traumatic event, avoidance,
alterations in arousal and reactivity, and negative alterations in cognitions and mood (American
Psychiatric Association, 2013). According to the DSM-5, a trauma is defined as exposure to a
situation, where the individual directly or indirectly (e.g., exposure due to professional duties)
experienced themselves, witnessed, or learned that a relative or friend was exposed to threat-
ened or actual death, serious injury, or sexual violence. For the latter two, the experience of
intense fear, helplessness or horror is necessary (Brunello et al., 2001). To fulfill the re-expe-
rience criterion, individuals need to suffer from flashbacks, nightmares, or unwanted intrusions
after exposure to internal or external cues that represent a reminder of the stressful event. The
third criterion comprises the avoidance of external stimuli or thoughts and feelings that are
associated to the trauma. The fourth criterion is characterized by a hyperarousal of the patients.
This encompasses hypervigilance, irritability, difficulty with sleep and concentration, and ex-
aggerated startle responses. The criterion of negative alterations in cognitions and mood con-
tains the inability to recall key features of the trauma, negative thoughts and assumptions about
oneself or the world, exaggerated blame of self for causing the trauma, negative affect, and

anhedonia. The duration criterion determines a symptom period of more than one month.

Noteworthy however, not every person, who experiences a traumatic stressful event, de-
velops a PTSD. Only 10 — 20% of individuals exposed to a traumatic event will develop the
disorder (Brunello et al., 2001). Around 90% of the adults in the US were exposed to at least
one but sometimes also multiple potentially traumatic events (Kilpatrick et al., 2013). Moreo-
ver, epidemiological surveys and studies reported a prevalence of up to 50 % for the occurrence
of early life stress (ELS; Kessler et al., 2010; McLaughlin et al., 2012). ELS comprises amongst
others experiences of physical, sexual, and emotional abuse, physical and emotional neglect,
exposure to domestic and other forms of interpersonal violence, chronic or extreme poverty,
and separation or abandonment from caregivers (McLaughlin, 2020). These data suggest that

the exposure to the distinct traumatic event is not sufficient for the development of PTSD, but
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serve as a potential risk factor for the development of PTSD (McLaughlin, 2020; Pratchett &
Yehuda, 2011; Stroud, 2020). Both, epidemiological as well as longitudinal studies have found
that the likelihood of developing a mental disorder — especially PTSD (McLaughlin et al.,
2012) — increases with the extend of exposure to ELS (Kessler et al., 2010; McLaughlin et al.,
2012; Weich, Patterson, Shaw, & Stewart-Brown, 2009). However, the reported studies are of
epidemiological and correlational nature. Thus, drawing causal conclusions about the effect of
stressful live events on the development of psychiatric disorders, such as PTSD, is not feasible.
In this regard, experimental investigations of the effect of stress and stress exposure of mech-
anisms explaining the development of psychiatric disorders, like PTSD, is vital. Therefore, a
definition of the stress response, its effect on neurobiological brain circuits and on learning and
memory processes are outlined in the subsequent sections, to elucidate how stress can affect

the development of psychiatric disorders.

1.2 Stress

Stress research reaches back several decades in which its definition, the knowledge about
its function and its consequences underwent several modifications. Cannon (1914) first intro-
duced the term stress to biological research. Stress was defined as a threat to the homeostasis
of an individual (i.e., the balance of the interior milieu of an organism to maintain life). In the
emergency function theory of the adrenal medulla, the importance of the adrenal medulla dur-
ing stress was discovered (Biondi & Picardi, 1999; Cannon, 1914). In a stressful situation, an
increase in the secretion of adrenalin and noradrenalin from the adrenal medulla promotes fight
or flight behavior of the individual by activation of the sympathetic nervous system and by
utilization of energy (Cannon, 1914). Thereby, the preservation or return to homeostasis is

secured.

As another pioneer of the stress research, Selye extended the knowledge about the stress
response with the mechanisms of the neuroendocrinological response, especially the involve-
ment of the hypothalamic-pituitary-adrenocortical (HPA) axis and glucocorticoids (GC; Selye,
1955, 1973; Szabo, Tache, & Somogyi, 2012). Furthermore, Selye introduced a specification
of the term stress: Whereas thus far, stress referred to both the trigger and the initiated reaction,
the notions of stressor and stress response were defined. A stressor is an external or internal
stimulus that provokes the activation of the stress response (Szabo et al., 2012). Most im-
portantly, the theory of the general adaptation syndrome (GAS) was postulated (Selye, 1973).

The GAS divides the stress response into three phases. During the first phase, the alarm reaction
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phase, the body is prepared for fight of flight action and resembles the emergency function
theory of Cannon (1914). The alarm reaction phase is immediately entered when facing the
stressor and is short-lasting. When an appropriate response is not possible or not efficient
enough to restore homeostasis, the second phase (resistance phase) follows. Here, the body
tries to cope with and overcome the persistent stressful demands. The body stays activated at a
higher metabolic level. However, this phase cannot be maintained indefinitely, as resources are
expended, leading to the exhaustion phase. Here, the resources deplete which results in a vari-
ety of health issues (Selye, 1973). Note that stress was initially considered as unspecific re-
sponse to a variety of different stressors. Although each stressor causes unique demands and
specific actions, the common denominator is the requirement to adjust and adapt and hence,

result in the activation of the stress response (Selye, 1973).

McEwen (1998) further specified the conceptualization of the stress response. Homeo-
stasis refers to a system that is involved in preservation of a relative consistent balance of the
organism to maintain life. However, if this system is disturbed by a stressor (e.g., threatful
challenging situations), a different system, called allostasis, is activated and acts through a
network of mediators to adapt and restore homeostasis. These mediators comprise amongst
other hormones of the HPA axis, catecholamines, and cytokines. Hence, allostasis describes
the acute and adaptive stress response to cope with and overcome the present challenge or
threat to return to homeostasis (McEwen, 1998, 2004). When a return to homeostasis is not
possible and the allostatic state is sustainably active, an imbalance in the mediators of the net-
work occurs. As a result, the allostatic system cannot perform normally and efficiently, evident
in frequent activation or failure to shut down the allostatic activity. This allostatic load
(McEwen, 1998), leads to a “wear and tear on the regulatory systems in the brain and body”

(McEwen, 2004, p. 3) and eventually to physical and psychological disorders.

To further understand how stress can affect the development of psychological disorders,
it is crucial to outline the processes involved in the stress response and how its mediators act

on the brain.

1.2.1 Stress response

In a stressful situation neural, neuroendocrine and physiological mechanisms are acti-
vated in a time-dependent manner to cope with and overcome the present or anticipated chal-
lenge (McEwen, 1998). The stress response can be divided into two stress waves (Joéls &

Baram, 2009; Joéls, Fernandez, & Roozendaal, 2011; Sapolsky, Romero, & Munck, 2000).
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The first-wave stress response is rapid and short-lasting and can be interpreted as catalyst
of the fight-or-flight response (Cannon, 1914). It is characterized amongst others by an in-
creased activation of the sympathetic nervous system. Immediately after sensory information
of the stressful event is processed, the brainstem receives afferences from the paraventricular
nucleus of the hypothalamus (PVN) and initializes an increase in the activation of the sympa-
thetic nervous system (Jo€ls & Baram, 2009). Thereby, the adrenal medulla quickly releases a
large amount of adrenaline and noradrenaline (NA) into the blood stream. As a result, numer-
ous changes occur in the periphery. Adrenaline stimulates the liver to increase the glucose
metabolism and thus, utilizing energy to cope with the stressful situation. In addition, the bron-
chial tubes dilate, blood pressure, heart rate and respiratory frequency increase, and the blood
flow in the skeletal muscles is augmented (Cahill & McGaugh, 1996; Schandry, 2011;
Schwabe, Joels, Roozendaal, Wolf, & Oitzl, 2012). Although peripheral NA cannot cross the
blood-brain barrier, it exerts its central nervous effects via projections to the vagus nerve. After
NA binds to adrenergic receptors of the vagus nerve, efferences stimulate the nucleus tractus
solitaritus, which consequently increases the NA concentration in the brain via projections to
the locus coeruleus (LC; Hassert, Miyashita, & Williams, 2004; Joéls & Baram, 2009;
Miyashita & Williams, 2002; Schwabe et al., 2012), an important mediator of arousal, atten-
tion, the stress response, pain modulation, synaptic plasticity, and energy homeostasis (for re-
view see Benarroch, 2017). Furthermore, directly after the stressful event an increased secre-
tion of endogenous opioids, cannabinoids and additional monoamines, amongst other dopa-
mine and serotonin, can also be observed (Joéls & Baram, 2009; Riebe & Wotjak, 2011;
Stockhorst & Antov, 2016). Importantly, the activation of the HPA axis is initiated. Here, the
PVN releases the corticotropin-releasing hormone (CRH), which stimulates the secretion of
adrenocorticotropic hormone (ACTH) from the anterior lobe of the pituitary. These hormones
act on the adrenal cortex to increase the release of GCs (Joéls & Baram, 2009). Parts of the
HPA axis activation are considered as part of the first-wave stress response, as their actions are
carried out promptly. Besides representing a neuroendocrinological mediator of the HPA axis
activation, CRH also has direct influences on the brain to affect autonomic, behavioral, and
immunological processes of the stress response (Krohg, Hageman, & Jorgensen, 2008). For
instance, CRH also projects to the LC and to the dorsal raphe nuclei (DRN) to further augment
the release of NA and serotonin, respectively (Bale & Vale, 2004; Benarroch, 2017; Kirby,
Rice, & Valentino, 2000; Krohg et al., 2008; Valentino & Van Bockstaele, 2008). In addition,
CRH also send efferences directly to the amygdala, especially the CA (Bale & Vale, 2004;
Joéls & Baram, 2009; Sanders & Nemeroff, 2016; Shekhar, Truitt, Rainnie, & Sajdyk, 2005).
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Notably, CHR acts through the two receptors CRH receptor 1 (CRHR1) and CRH receptor 2
(CRHRZ2; Bale & Vale, 2004), but it has a higher affinity for CRHR1 than for CRHR2 (Sanders
& Nemeroff, 2016). CRHR1 plays a crucial role in activating the HPA-axis, while CRHR2
seems to counteract the stimulating effects of CRHR1 (de Kloet et al., 2005; Jo€ls & Baram,
2009; Sanders & Nemeroff, 2016).

The second-wave stress response has a delayed onset and is longer-lasting than the first-
wave stress response. Whereas the first-wave stress response normalizes after 30 to 60 min, the
second-wave stress response unfolds after a few minutes and reaches its peak around 20 min
after stressor exposure (Hermans, Henckens, Joels, & Fernandez, 2014; Sapolsky et al., 2000).
The second-wave stress response is characterized by an increased activity of the HPA axis,
more specifically an increased synthesis and release of GC in the adrenal gland (Sapolsky et
al., 2000). Moreover, the second wave covers a reduced secretion of gonadal steroids (Sapolsky
et al., 2000). GC are lipophilic and can therefore cross the blood-brain barrier (Hermans et al.,
2014; McEwen, Weiss, & Schwartz, 1968). Through differences in receptor affinity, distribu-
tion, and different downstream effects, GC can carry out spatially and temporally effects on
the brain. It exerts its effect via binding to mineralocorticoid receptors (MR) and glucocorticoid
receptors (GR). MRs have a high affinity for GC, act in a rapid and non-genomic way, and are
implicated in the onset and activation of the stress response (de Kloet et al., 2005; Joéls, Karst,
Krugers, & Lucassen, 2007). GR have tenfold lower affinity, are therefore only active during
large concentrations of GC, and have therefore a delayed activation (de Kloet et al., 2005; Joéls
& Baram, 2009). They mainly act through genomic pathways, but can also mediate rapid non-
genomic actions (Joéls et al., 2011). GR are implicated in terminating the stress response, mo-
bilizing energy, facilitating recovery, promoting memory storage, and inhibiting the processing
of new input (de Kloet et al., 2005; Joéls & Baram, 2009). From a temporally point of view,
GCs activate a negative feedback loop in the brain directly after passing the blood-brain barrier,
which causes an inhibition of the HPA axis and enables self-regulation of the stress response
(de Kloet et al., 2005; Ulrich-Lai & Herman, 2009). Via binding to GRs, the excitability of the
PVN is augmented (Tasker, Di, & Malcher-Lopes, 2006) and therefore, CRH and ACTH se-
cretion is inhibited (Ulrich-Lai & Herman, 2009). In addition, GC act within minutes through
non-genomic pathways (Joéls & Baram, 2009). For example, rapid MR activation enhanced
the excitability of the hippocampus and amygdala (Karst et al., 2005) and NA release of the
LC is increased through GR activation (Roozendaal, Williams, & McGaugh, 1999). Moreover,

GCs also exert delayed longer-lasting effects, which take approximately one hour to start and



1. Introduction 20

last for several hours (Hermans et al., 2014). Through genomic actions via GR, changes in gene

expression and cell functions are induced (Joéls & Baram, 2009).

As already noted, stress is crucial for dealing with challenges and threats and therefore,
modulates a variety of brain and bodily functions. For this, receptors of stress mediators must
be distributed throughout the brain to have an impact on these functions. Cell receptors for
both, mediators of the first- and second-wave stress response, are widely distributed throughout
the brain (Joéls & Baram, 2009). NA provides projections to several brain regions, including
the cerebral cortex, hypothalamus, thalamus, and amygdala (Foote & Morrison, 1987). Both
GC receptors are also distributed throughout the brain. Most importantly, MR and GR are both
expressed in the PVN, amygdala, hippocampus, and prefrontal cortex (PFC). However, the
density of GRs is greater in almost all brain regions and MR are moderately present in the
amygdala (de Kloet et al., 2005; Jo€ls & Baram, 2009). Overall, receptors of stress mediators
are widely distributed in the brain and the direction of the effect on the brain system depends

on the regional distributions of the different subtypes of their receptors (Hermans et al., 2014).

Taken together, the stress response is an orchestra of central and neuroendocrinological
mediators to assure not only an immediate activation to cope with the specific challenge/threat
at hand but also to adapt to future threats in the long term via temporally and locally distinct

processes in the brain.

1.2.2 Effects of stress on the brain and body

Stress is an adaptive response to cope with threatening challenges. Whereas if an indi-
vidual is exposed to chronic or extremely intense stress, dysregulations of the stress response
occur, e.g. failure to deactivate the stress response or blunted responses (McEwen, 1998). This
in turn can promote functional and structural brain alterations (Leuner & Shors, 2013; McEwen
et al., 2015; McEwen & Morrison, 2013; McEwen, Nasca, & Gray, 2016) and cause disease
and psychological disorders (McEwen, 1998, 2003). It is therefore important to distinguish
between the effects of acute stress and chronic/traumatic stress, as the effect and mechanisms
of stress are twofold and contradict each other as a function of intensity and duration (Leuner
& Shors, 2013; McEwen, 1998, 2004). For clarification, the terms acute and chronic stress will
be further used in this dissertation. Acute stress relates to the mechanisms involved in the adap-
tive allostasis, whereas chronic stress refers to alterations of these mechanisms due to the sus-

tained activation of the allostatic system, hence the allostatic load (McEwen, 1998).



1. Introduction 21

During acute stress, several bodily changes occur, which enable an individual to appro-
priately react and cope with a stressor. In a nutshell, acute stress promotes functions of the
immune, cardiovascular, and metabolic system amongst others. Stress induces an enhanced
proliferation of immune cells to parts in the body, where they are necessary to fight of patho-
gens, thus facilitating immune functions. As for the cardiovascular system, acute and short-
lasting increases in blood pressure after stress ensure the possibility to adequately react to a
demand or challenge. Moreover, acute stress utilizes and provides energy for the brain and
body. Moreover, after initial stress activity GC activate and maintain energy reserves. How-
ever, when stress becomes chronic or extremely intense, the effects are converse. The immune
system is suppressed and makes the body more vulnerable to pathogens and autoimmune dis-
eases. Sustained high blood pressure causes generation of atherosclerotic plaques, hyperten-
sion, and a potential for strokes. Metabolic functions are dysregulated causing obesity, diabe-

tes, and atherosclerosis (McEwen, 1998, 2004).

The paradox effect of acute and chronic/intense stress can also be found on a structural
and functional level of the brain. Although stress and its mediators have receptors throughout
the whole brain and modulate a variety of neuronal circuits and functions, the following section
will focus on the structural and functional effects of stress on the hippocampus, amygdala, and
PFC, as they are intensely studied as part of the neurocircuitry of PTSD and anxiety disorders
(Liberzon & Sripada, 2007; Shin & Liberzon, 2010). Stress has diverse effects on the brain
depending on the intensity of the stressor and the region of the brain. Animal studies allow to
investigate changes in the brain due to stress exposure. In the hippocampus, a brain structure
essential for learning and memory as well as processing of contextual information (Bulkin,
Law, & Smith, 2016; Rudy, 2009), acute stress (i.e., the exposure to 30 min restraint and brief
electrical tail stimulation) augments the density of spines on neurons in rodents (Shors, Chua,
& Falduto, 2001; Shors, Falduto, & Leuner, 2004). In the amygdala, 2h of immobilization
successively increased the spine density over a period of 10 days (Mitra, Jadhav, McEwen,
Vyas, & Chattarji, 2005) in rats. In contrast, acute stress (10 min of forced swimming) led to
spine loss in the infralimbic (IL) but not the prelimbic cortex (PL) of mice (Izquierdo, Wellman,
& Holmes, 2006), which are the rodent equivalents of the ventromedial PFC (vmPFC) and the
anterior cingulate cortex (ACC) in humans, respectively (Milad & Quirk, 2012).

Opposed to acute stress, intense or chronic stress has strikingly different effects on brain
morphology and function. While intense stress (i.e., restraint stress for 4 - 5 h while simultane-

ously exposed to jostling and noise) caused a reduction in spine density of dendrites in the
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hippocampus (Chen, Dube, Rice, & Baram, 2008; Chen et al., 2010), an stress protocol to
induce traumatic stress — the single prolonged stress (SPS); described in detail in section 1.4.2
— led to hypertrophy (e.g., increased dendritic arborization) in the amygdala (Cui, Sakamoto,
Higashi, & Kawata, 2008). Induction of chronic stress by repeated restraint stress (2 h / d for
10 or 21 days) produces spine loss, reduced branching of neurons, and dendritic retraction
within the hippocampus (Donohue et al., 2006; Stewart et al., 2005; Vyas, Jadhav, & Chattarji,
2006; Vyas, Mitra, Shankaranarayana Rao, & Chattarji, 2002). Besides dendritic atrophy,
chronic stress also enhance long-term depression (LTD) and impairs long-term potentiation
(LTP) — key processes of synaptic plasticity — in the hippocampus, leading to decreased excit-
ability (Kim & Diamond, 2002). In the PFC, chronic restraint stress decreased dendritic branch-
ing, length of pyramidal neurons, and resulted in spine loss (Cerqueira, Mailliet, Almeida, Jay,
& Sousa, 2007; Cook & Wellman, 2004; Liston et al., 2006; Radley et al., 2004). In addition,
reduced excitability in the PFC was reported due to chronic stress exposure (Liu & Aghajanian,
2008). Contrarily, chronic restraint stress produces hyperexcitability (Rosenkranz, Venheim,
& Padival, 2010) and hypertrophy in the amygdala, evident in enhanced dendritic length,
branch points, spine number and length (Mitra et al., 2005; Rosenkranz et al., 2010; Vyas et
al., 2006; Vyas et al., 2002).

Neuroimaging techniques represent a useful tool to investigate the effects of stress on the
brain in humans. Correlational studies between early life events and structural and functional
neuroimaging provide further potential neural mechanisms how stress influence the develop-
ment of psychiatric disorders. There is cumulative evidence for reduced volumes of the hippo-
campus and PFC in individuals exposed to early life stress (Frodl, Reinhold, Koutsouleris,
Reiser, & Meisenzahl, 2010; Hanson et al., 2015). Regarding the amygdala, results are not as
consistent, as some studies found increased and some decreased volume of the amygdala as a
function of life events (for detailed overview see Barch & Pagliaccio, 2020). For instance,
Frodl et al. (2010) found that gray matter volume of the PFC was significantly negatively as-
sociated with the exposure to childhood maltreatment, measured via the Childhood Trauma
Questionnaire (CTQ). Moreover, hippocampal volumes were also negatively correlated with
exposure to stressful events — indexed via the lifetime adversity section of the Youth Life Stress

Interview (YLSI) — in children (Hanson et al., 2015).

Taken together, both animal and human studies provide evidence that stress distinctively
alters brain morphology and function depending on the intensity or duration of the stressor and

the brain structure it affects. Acute stress causes an increase in spine density in hippocampus
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and amygdala, but a decrease in the PFC. However, intense or chronic stress produce atrophy
in the hippocampus and PFC, but hypertrophy in the amygdala. It is discussed that the repeated,
sustained, or exposure to (intense/ traumatic) stress sensitizes an individual for later aversive
stressful events. The alterations in structure and function of the brain as well as alterations in
the reactivity of the stress, as a function of stress exposure, put the individual in a state of
vulnerability and thus contributes to potential mechanisms of how stress influences the devel-
opment of psychiatric disorders, such as PTSD (Arborelius, Owens, Plotsky, & Nemeroff,
1999; Stroud, 2020).

1.2.3 Influence of stress on memory processes

Stress is discussed as a major risk factor for the development of anxiety disorders and
PTSD (Arborelius et al., 1999; Mineka & Zinbarg, 2006; Stroud, 2020). These psychiatric dis-
orders are often characterized by malfunctional emotional learning and memory processes
(Wolf, 2008). Moreover, brain regions involved in learning and memory processes (i.e., amyg-
dala, hippocampus, and PFC) are substantially affected by stress (Jo€ls & Baram, 2009; Joéls
et al., 2011; Leuner & Shors, 2013; McEwen & Morrison, 2013; Vyas et al., 2002). Therefore,
investigating the effect of stress on learning and memory processes could give insights in the

way stress can serve as risk factor for the development of psychiatric disorders.

Memory can be defined as the ability to acquire, retain, and recall information of a learn-
ing experience (Josselyn, Kohler, & Frankland, 2015). Its processes can be comprised into
different successive stages, namely encoding, consolidation, recall, and reconsolidation
(Schwabe et al., 2012). During encoding, the sensory information are processed and trans-
formed into an inner representation of the learning material (Becker-Carus & Wendt, 2017).
Subsequently, the fragile memory trace is stored into the long-term memory, i.e. consolidation.
Through alterations in gene expression, synaptic strength, and cortical re-organization, the
memory trace is stabilized and more unsusceptible for interference (Dudai, Karni, & Born,
2015). At a later point in time, the memory trace can be recalled and the stored information are
available. Moreover, after retrieval the memory trace becomes un-stable again for possible up-
dating of the memory trace and needs to re-stabilized. This phenomenon is called reconsolida-

tion (Dudai, 2006; Nader, Schafe, & LeDoux, 2000).

In an integrative model, Schwabe et al. (2012) postulated the influence stress has on the
different stages of learning and memory processes. The direction of the stress effect crucially

depends on the timing of the stressor in relation to the memory phase. When stress exposure
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takes place directly prior, during, or shortly after encoding, a “memory formation mode” is
initiated. The initial rapid release of catecholamines (especially NA) and non-genomic GCs
affect the activity of brain regions importantly involved in memory processes. More specifi-
cally, stress can on the one hand directly increase the activity of the amygdala, hippocampus,
nucleus caudate, or PFC. On the other hand, increased amygdala activation further modifies
the activity of the aforementioned regions. As a result, attention and perception are directed to
the learning experience to cope with the stressor and the encoding is facilitated. Moreover, the
interference of other competing processes is suppressed. Therefore, the recall of other experi-
ences is prevented. After the decay of the first-wave stress response and the sympathetic acti-
vation including catecholamine levels revert to baseline, the “memory storage mode” is en-
tered. Genomic effects of the GC are active now. Consequently, the consolidation of the
memory trace is enhanced. In addition, the encoding of new stressor-unrelated information is
suppressed to ensure that the salient stressful learning experience is not interfered with later

information (Schwabe et al., 2012).

To sum up, there is converging evidence that stress affects learning and memory pro-
cesses. Briefly, when stress is placed directly prior to or during the learning, the first-wave
stress response enhances the encoding and the delayed genomic second-wave stress response
facilitates the consolidation. However, when stress is placed some time before the learning, the
encoding is suppressed due to the genomic actions of the second-wave stress response. Addi-
tionally, stress prior to retrieval impairs memory recall. It must be taken into account that the
model from Schwabe et al. (2012) refers to studies examining the effect of stress on instrumen-
tal and declarative learning in rodents and humans. As outlined earlier exposure to acute or
chronic stress puts the brain into a state of sensitivity, which makes the individual vulnerable
for subsequent aversive experiences (Arborelius et al., 1999). Therefore, investigating the in-
fluence of stress on aversive learning events is a more appropriate way to understand the path-
ogenic effect of stress. Threat conditioning represents a controlled experimental approach to

examine the effects of stress on aversive learning and is outlined in the following sections.

1.3 Threat conditioning

A way to experimentally investigate the effects of stress on aversive memory processes

is via a well-established and well-studied aversive learning paradigm: threat conditioning?

2 With regard to LeDoux (2014), this dissertation will use the term “threat conditioning” instead of fear conditioning to better
distinguish between initial defensive behavioral responses and physiological changes to a threat and the conscious feeling of
fear.
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(LeDoux, 2014). Threat conditioning is a prominent model that is used to investigate potential
mechanisms for the etiology (Mineka & Zinbarg, 2006) and therapy (Norton & Price, 2007) of
anxiety and trauma- and stressor-related disorders, like specific phobias, panic disorders (PD)
or PTSD. The threat conditioning paradigm — as used in this dissertation — comprises multiple
learning and memory phases: threat acquisition, extinction learning, memory recall, and re-
extinction. During threat acquisition, a former neutral stimulus, the so-called conditioned stim-
ulus (CS), is repeatedly paired with an aversive stimulus, the unconditioned stimulus (US),
which causes a defensive behavioral and physiological response, the unconditioned response
(UR; LeDoux & Pine, 2016). Through repeated pairings, an association between the two stim-
uli is developed, which causes the CS to elicit a response, the conditioned response (CR), that
is similar to the UR (Myers & Davis, 2007; Pavlov, 1927). An overview of different operation-

alizations to assess conditioned threat responses is outlined in section 1.3.2.

During extinction learning, the CS is repeatedly presented without the US. As a result,
the intensity of the CR diminishes (Milad & Quirk, 2012). Importantly, extinction does not
erase the prior established threat memory trace, but rather creates a new inhibitory memory
trace, which may compete with the threat memory trace (Bouton, 2004). Likewise, the extinc-
tion memory is dependent to the specific context it occurred in (Bouton, 2002, 2004). There-
fore, in a memory recall test, after both memory traces are consolidated, presenting the CS can
cause the different memory traces to be recalled (Bouton, 2004; Vervliet, Craske, & Hermans,
2013b). Depending on the outcome, the observation during memory recall test can on the one
hand be described as extinction recall or on the other hand as return of fear ROF; Lonsdorf et
al. (2017). A good extinction recall occurs when the presentation of the CS does not elicit the
CR. ROF represents the re-occurrence of conditioned responses after successful extinction
learning and can be experimentally examined via established ROF paradigms (Bouton, 2004;
Haaker, Golkar, Hermans, & Lonsdorf, 2014; Vervliet, Baecyens, Van den Bergh, & Hermans,
2013a; Vervliet et al., 2013b): First, the return of conditioned responses to the CS can be in-
duced by the mere passage of time (spontaneous recovery; Bouton, 2002; Pavlov, 1927). For
example, placing memory recall 10 to 14 Days after extinction learning led to a full recovery
of the conditioned threat response in rodents (Quirk, 2002). The extinction-recall interval in
human studies investigating the effect of spontaneous recovery varied between 24 and 96 h
(Vervliet et al., 2013b). For instance, participants displayed a return of conditioned responses
24 h after successful extinction learning (Guastella, Lovibond, Dadds, Mitchell, & Richardson,
2007; Huff, Hernandez, Blanding, & LaBar, 2009; Norrholm et al., 2008). Second, due to the
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context-dependency of the extinction learning, a change in context can induce a return of con-
ditioned responses to the CS (Renewal; Vervliet et al., 2013a; Vervliet et al., 2013b). For in-
stance, in the ABA renewal paradigm threat acquisition takes place in one context (context A),
a context change occurs for extinction learning (context B), and memory recall returns to the
acquisition context (context A). Moreover, AAB or ABC renewal can be used. In the first,
acquisition and extinction are conducted in the same context (A), whereas memory recall takes
places in a different context (B). For ABC renewal, each learning phase happens in a different
context (Bouton, 2002, 2004). For instance, Milad, Orr, Pitman, and Rauch (2005a) found that
conditioned responses to the CS+ increased, when participants returned to the acquisition con-
text (A) but not to the extinction (B) context (i.e., ABA renewal) during memory recall test.
Moreover, renewal seems to be more pronounced in an ABA design in comparison to an ABC,
evident in higher US expectancy of the CS+ in the former paradigm (Neumann &
Kitlertsirivatana, 2010). Last, an unsignaled re-exposure of the US after successful extinction
learning can evoke a return of conditioned responses (reinstatement; Bouton, 2002; Bouton,
2004; for review see Haaker et al., 2014). As an example, unsignaled US presentations after
successful extinction learning caused a relapse in conditioned responding to the CS (Hermans
et al., 2005; Milad et al., 2005a). Notably, reinstatement could also be induced when a different
valence-congruent unsignaled US was used as during threat acquisition (Sokol & Lovibond,
2012). After successful acquisition (with a loud noise as US) and extinction learning, the return
of conditioned responses was the same for the group who re-experienced the same US or a
different one (mildly painful electrical stimulus). To avoid any confusion about the nomencla-
ture, the results of the memory recall test (without any further manipulation such as renewal or
reinstatement) will be described as following: successful extinction recall occurs, when extinc-
tion learning was successful and the CRs do not return after CS presentation at memory recall
test. When the CRs re-occur after successful extinction learning, this will be characterized as
spontaneous recovery. However, if extinction learning is not successful and CRs are elicited at
recall test or if the recall test is conducted before extinction learning took place, it will be

labelled as successful threat memory recall.

1.3.1 Methodological considerations for threat conditioning paradigm

Although threat conditioning is a standardized learning paradigm, there are some meth-
odological considerations that should be addressed (for overview see Lonsdorf et al., 2017).
One big advantage of threat conditioning is the possibility of a translational approach (Graham

& Milad, 2011). On the one hand, rodent work on threat conditioning provides insights into
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neurophysiological and neurobiological correlates of the aversive learning event (Graham &
Milad, 2011; Grillon, Robinson, Cornwell, & Ernst, 2019; Milad & Quirk, 2012). On the other
hand, the translation from healthy participants to clinical populations can reveal possible mech-
anisms that are altered and responsible for psychopathology (Craske, Hermans, & Vervliet,
2018; Duits et al., 2017; Grillon et al., 2019). However, translational work also brings method-
ological differences (for review see Haaker et al., 2019). In rodent threat conditioning para-
digms, single-cue conditioning is mostly used. Here, only one CS is presented and paired with
the US (Lonsdorfet al., 2017). In contrast, in humans differential threat conditioning paradigms
are mostly applied, where one CS (CS+) is paired with the US and predicts threat, while a
second one (CS-) is never paired with the US and hence, predicts safety (Lissek et al., 2005b;
Seligman, 1971). Successful threat acquisition is quantified by a significant difference in con-
ditioned responding to the CS+ and CS- (Lonsdorf et al., 2017). Moreover, a differential threat
conditioning paradigm does not only allow to examine defensive responses to a threatful stim-
ulus (i.e., CS+), but also to evaluate variations in safety learning to the CS- (Duits et al., 2017;
Jovanovic, Kazama, Bachevalier, & Davis, 2012). Single-cue conditioning is rarely used in

human studies (Weidemann, Best, Lee, & Lovibond, 2013; Wong & Lovibond, 2017)

Furthermore, the temporal relation between threat acquisition and extinction learning
must be considered (for review see Maren, 2014). Threat acquisition and extinction learning
are both viewed as separate learning experiences (Bouton, 2004; Myers & Davis, 2007). Sim-
ilar to other learning and memory processes, both can be divided into successive stages: en-
coding, consolidation, and memory recall (Schwabe et al., 2012). Extinction learning can be
either placed directly after threat acquisition (immediate extinction) or some time (e.g., 24 h)
after initial threat learning (delayed extinction; Maren, 2014; Maren & Chang, 2006). In the
case of delayed extinction, the time interval between acquisition and extinction allows for con-
solidation of the threat memory trace and prevents the interference of threat memory consoli-
dation and encoding of extinction learning. In that regard, having an acquisition-extinction in-
terval of 24 h allows sleep to facilitate the memory consolidation (Pace-Schott, Germain, &
Milad, 2015; Rasch & Born, 2013). In contrast, during immediate extinction the encoding of
extinction learning and threat memory consolidation are concomitant, possibly affecting each
other (Myers, Ressler, & Davis, 2006). Indeed, there is a body of evidence suggesting that
immediate and delayed extinction differ (Maren, 2014). Initially, it was argued that immediate
extinction decreases the return of fear. Myers et al. (2006) examined the effect of different

acquisition-to-extinction intervals (i.e., 10 min, 1 h, 24 h, and 72 h) on the ROF paradigms in
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rodents. They found that an interval of 72 h increased the return of fear in a spontaneous re-
covery, renewal (ABA), and reinstatement design, evident in increased startle responses to the
CS at the respective memory recall in comparison to the end of extinction learning. The authors
suggested that immediate extinction learning interferes with the threat memory consolidation
and reflects an unlearning (Myers et al., 2006). Hence, leading to attenuated return of fear.
Delayed extinction on the other side seems to underly new inhibitory learning (Myers et al.,
2006). This finding was also translationally replicated in humans: Spontaneous recovery (i.e.,
memory recall 24 h after extinction learning) was increased for delayed extinction (72 h after
threat acquisition) in comparison to the immediate extinction group (Norrholm et al., 2008). In
addition, return of conditioned responses occurred after reinstatement in the delayed extinction
(24 h after acquisition), but not in the immediate extinction group (Golkar & Ohman, 2012).
However, studies exist, which have found the opposite effect. For instance, Maren and Chang
(2006) observed more spontaneous recovery (during memory recall 24 h after extinction learn-
ing) in the immediate extinction in comparison to the delayed extinction group (24 h after ac-
quisition) in rats. This phenomena became known as the immediate extinction deficit (Maren,
2014) and is evident in both rodent (Archbold, Bouton, & Nader, 2010; Chang & Maren, 2009;
Maren & Chang, 2006) and human studies (Huff et al., 2009; Merz, Hamacher-Dang, & Wolf,
2016). A possible explanation is that after threat acquisition, individuals are in a more arousing
state, which reduces the suppression of CRs to the CS and hence, impairs extinction learning

and elicits spontaneous recovery (Maren, 2014).

1.3.2 Measures of threat conditioning

There are a variety of species-specific and cross-species indices, which allow to assess
and measure the conditioned threat response (Haaker et al., 2019). In rodents, the primary be-
havioral measure of threat conditioning is freezing (Blanchard & Blanchard, 1988; Bouton &
Bolles, 1980; Fanselow, 1980; Fanselow & Bolles, 1979; Haaker et al., 2019; Jacobs,
Cushman, & Fanselow, 2010; LeDoux, 1995). Freezing is a species-specific defensive re-
sponse (Jacobs et al., 2010) to a distal or imminent threat, when flight responses are not possible
(Blanchard & Blanchard, 1988; Pearson, Crawley, Eilam, Pentkowski, & Summers, 2017). It
is defined as the complete suppression of locomotor activity and movement except those nec-
essary for respiration (Fanselow & Bolles, 1979). Freezing responses are initiated by projec-
tions from the amygdala to the periaqueductal gray (Blanchard & Blanchard, 1988; Fanselow,
1994). The responses are typically operationalized as the percentage of freezing in a defined

time window. In regard to threat conditioning, this can be during the presentation of the CS
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(Haaker et al., 2019). Quantification of freezing responses can be conducted via different meth-
ods. For example, human observers using watches (Phillips & LeDoux, 1994) to assess per-
centage of time freezing, or time sampling (Fanselow, 1980; Westbrook, Good, & Kiernan,
1997). Here, every 3 — 4 sec the animals’ behavior was rated as either freezing or active. In
addition, automated techniques for measuring freezing were developed, which are more eco-
logical and increase reproducibility (Contarino, Baca, Kennelly, & Gold, 2002; Marchand,
Luck, & DiScala, 2003; McKinzie & Spear, 1995).

Psychophysiological measures can also be considered to assess conditioned threat re-
sponses. This includes changes in heart rate and pupillary responses in the presence of the
conditioned stimuli (for recommendations see Lonsdorf et al., 2017). However, since these two
measures are not as widely used, a detailed description is omitted. An often used cross-species
physiological threat conditioning measure is the startle response (Falls, 2002; Fendt &
Fanselow, 1999; Grillon, Ameli, Wood, Merikangas, & Davis, 1991). It is evoked by a sudden
and intense tactile, visual or acoustic stimulus (startle probe) and results in fast eye-lid closure
and contraction of facial, neck or skeletal muscles (Fendt & Fanselow, 1999; Koch, 1999).
From an evolutionary perspective, the function of the startle response is discussed as reduction
of the latency of a flight reaction (Pilz & Schnitzler, 1996), disruption of the on-going behavior
and acceleration of the heart rate, all to protect against harm or injury due to a (potential) threat
(Koch, 1999; Landis, Hunt, & Strauss, 1939). Noteworthy, the startle response was found in a
variety of species, especially mammals, making it an important translational tool and measure-
ment (Fendt & Koch, 2013). Work on rodents and cats provided insights into the neural path-
way of the startle response, which is assumed to be similar in humans (Hamm, 2015; Koch,
1999). After sensory processing of the startle probe, the signal is transferred to the caudal pon-
tine reticular nucleus (PnC). In more detail for the acoustic probe, the sensory information from
the ear is projected over the cochlear nucleus and the cochlear root neurons (CRN) to the PnC.
The signals are then conveyed from the PnC to the facial and cranial motor neurons in the
spinal chord, which elicit the startle response (Fendt & Fanselow, 1999; Koch, 1999; Shi &
Davis, 2001; Simons-Weidenmaier, Weber, Plappert, Pilz, & Schmid, 2006). Therefore, the
PnC can be viewed as a “sensorimotor interface for the facial and somatic components” of the
startle response (Koch, 1999, p. 111). Notably, the activity of the PnC can be modulated by
inhibitory and excitatory afferences from the amygdala and periaqueductal gray (PAG; Fendt
& Fanselow, 1999), making it conceivable that also the startle response can be altered. The

neurobiological pathway and the crucial role of the PnC and amygdala in startle response and



1. Introduction 30

its modulation was also found in a neuroimaging study in humans (Kuhn et al., 2020). Regard-
ing the modulation of the startle response, the magnitude and latency of the response can be
influenced by a variety of experimental factors such as the stimulus intensity, the interstimulus
interval (ITI), diurnal rhythm and emotional states (Koch, 1999). For the latter, several studies
in humans provided evidence for the impact of emotional valence on the startle response (for
review see Grillon & Baas, 2003). As one of the first studies to examine this effect, Vrana,
Spence, and Lang (1988) found that the startle magnitude differed as a function of the emo-
tional valence of the stimulus material: startle magnitudes were potentiated during presenta-
tions of aversive, unpleasant pictures (e.g., mutilated bodies, spiders, guns) in comparison to
neutral pictures (household objects). Moreover, an attenuation of startle magnitude was found
for positive, pleasant pictures (e.g., erotic pictures, appetizing food). Potentiation of the mag-
nitude of the startle response during threat conditioning, an aversive learning experience, is
well established in rodents (Brown, Kalisch, & Farber, 1951; Davies, Walker, & Lee, 1997,
Fendt & Fanselow, 1999) as well as humans (Andreatta, Leombruni, Glotzbach-Schoon, Pauli,
& Muhlberger, 2015; Andreatta et al., 2019; Grillon et al., 1991; Hamm, Greenwald, Bradley,
& Lang, 1993; Hamm & Weike, 2005; Norrholm et al., 2011a; Norrholm et al., 2014; Norrholm
etal., 2006). Mostly, brief acoustic startle probes (20 — 90 ms; 90 — 105 dB) are used. In rodents,
startle probes are presented via speakers and its response is operationalized as a whole-body
response in startle chambers, where Plexiglas cylinders are positioned on a stabilimeter, or
motion-sensitive platforms (Haaker et al., 2019). In the threat conditioning paradigm, the startle
probe is causing a potentiation of the startle response during the presentation of the threat pre-
dicting CS (Brown et al., 1951; Daldrup et al., 2015; Falls, 2002; Falls, Carlson, Turner, &
Willott, 1997). In humans, startle responses are mostly initiated through probes presented via
headphones and assessed via electromyographic activity (EMG) recorded from the orbicularis
oculi muscle (Blumenthal et al., 2005). Differential threat conditioning paradigms are most
often used in humans, leading to differential potentiation of the startle response during CS+
and CS- presentations. The threat predicting cue (CS+) is eliciting a startle potentiation in com-
parison to startle responses to the safety cue (CS-; Andreatta et al., 2015; Andreatta & Pauli,
2015; Norrholm et al., 2011a; Norrholm et al., 2006). Worth mentioning, the startle response
is an implicit index for the valence of a stimulus (Andreatta, Muhlberger, Yarali, Gerber, &
Pauli, 2010; Lang, Bradley, & Cuthbert, 1998; Sevenster, Beckers, & Kindt, 2014) and is hy-
pothesized to not depend on the CS-US contingency awareness. Contingency awareness is de-
fined as the knowledge and ability to verbally report that a specific CS predicts the aversive
US (Lovibond & Shanks, 2002). Several studies found that a differentiation between CS+ and
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CS- can still be found on a level of the startle response in the absence of conscious contingency
awareness (Hamm & Vaitl, 1996; Sevenster et al., 2014; Weike et al., 2005; Weike, Schupp,
& Hamm, 2007). Moreover, it is worth emphasizing that the startle response is an important
clinical tool as it is argued to be a neurobiological marker for PTSD (for details see Jovanovic
et al., 2012). However, a methodological limitation that accompanies the measurement of star-
tle responses is the modulation of other dependent measures (Haaker et al., 2019). Startle
probes reflect aversive stimuli (Lissek et al., 2005a; Lissek et al., 2005b) and affect threat con-
ditioning by delaying threat acquisition of other psychophysiological and subjective threat con-

ditioning indices (Sjouwerman, Niehaus, Kuhn, & Lonsdorf, 2016).

The most used psychophysiological measure of threat conditioning is the electrodermal
activity (EDA), which represents a measurable change in skin conductance of an applied cur-
rent due to innervation of eccrine sweat glands and is argued as a psychophysiological index
of arousal that can arise from emotional and cognitive states (Critchley, 2002). Sweat glands
in humans are innervated by afferent cholinergic neurons of the sympathetic nervous system
(Critchley, 2002; Shields, MacDowell, Fairchild, & Campbell, 1987). The neural pathway of
EDA comprises a complex network within the hypothalamus and brainstem (Boucsein, 2012;
Critchley, 2002; Dawson, Schell, & Filion, 2017). Originating in the posterior hypothalamus,
descending efferences project into the pontine tegmentum and medullary (reticular) nuclei. Af-
terwards efferences to pre- and postganglionic sympathetic neurons cause the innervation of
the eccrine sweat glands (Critchley, 2002). However, brain areas closely linked to higher cog-
nitive and emotional functions, such as threat processing, attention and executive functions,
have also been identified as part of the EDA neural pathway, i.e., the vimPFC, dorsolateral
prefrontal cortex (dIPFC), ACC, insula, and amygdala (for detailed description see Boucsein,
2012; Critchley, 2002; Dawson et al., 2017). EDA can be measured as either skin conductance
response (SCR) or skin conductance level (SCL; Lonsdorf et al., 2017). The SCR is a phasic
response to a stimulus and the SCL an average of phasic activity during a specific time period
(Lykken & Venables, 1971). SCR is mostly used during cued threat conditioning (Lonsdorf et
al., 2017). However, there is a debate about whether successful differential threat conditioning
(i.e., CS/CS- differentiation) on a level of EDA is dependent on CS-US contingency awareness
(Mertens & Engelhard, 2020). On the one hand, there are studies which demonstrated differ-
ential conditioned-threat SCR responding without conscious awareness (Esteves, Parra,
Dimberg, & Ohman, 1994; Knight, Nguyen, & Bandettini, 2006; Knight, Nguyen, &
Dandettini, 2003; Schultz & Helmstetter, 2010). On the other hand, there is a variety of studies
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showing no successful threat acquisition for SCR in the absence of conscious awareness
(Dawson & Furedy, 1976; Hamm & Vaitl, 1996; Lovibond & Shanks, 2002; Sevenster et al.,
2014; Weike et al., 2005; Weike et al., 2007). Moreover, it is argued that SCR appears to mirror
the contingency awareness and US expectancy (Lovibond, 2004). When utilizing EDA as
threat conditioning measures, it is important to mention that this index is only an indirect meas-
ure of threat learning (Lonsdorf et al., 2017). SCR rather represents an unspecific arousal level

or anticipatory arousal (Hamm et al., 1993).

A major advantage in human threat conditioning studies in comparison to animal studies
is the possibility to assess the subjective emotional state of a participant via self- reports. Sub-
jective explicit ratings comprise cognitive and affective ratings (Lonsdorfet al., 2017). As cog-
nitive rating, the US-expectancy rating (or contingency rating) is often retrieved. Participants
are asked for their subjective evaluation of the extent to which a CS presentation was concom-
itant to a US delivery. US-expectancy rating can be displayed as forced choice between “US
expected” or “US not expected”, visual analogue scale (VAS) or Likert scales (Boddez et al.,
2013). Affective ratings encompass valence (pleasant/unpleasant), arousal, fear/anxiety, and
distress ratings towards the CS and are presented via VAS, Likert scales or Self-Assessment
Manikin (SAM; Bradley & Lang, 1994; Lonsdorf et al., 2017). The timing of ratings varies
across studies between online ratings (i.e., during CS presentation) after each trial, intermittent
(after trial blocks) or retrospectively after the learning phase. In the differential threat condi-
tioning paradigm, successful conditioned responding on a subjective level is operationalized
by discriminative ratings between the CS+ and the CS- (Lonsdorf et al., 2017). For instance,
after threat acquisition participants reported a higher probability of US occurrence (i.e., US-
expectancy ratings) after the CS+ in comparison to the CS- (Ewald et al., 2014). It has to be
noted that the measurement of ratings pose a risk of focusing the attention towards CS-US
contingencies and thereby possibly altering the threat learning processes (Lonsdorf et al.,

2017).

In sum, there is a variety of indices to assess the conditioned responses during threat
conditioning, comprising behavioral, psychophysiological, neuroimaging, and subjective
measures. The various measures cover different aspects of the defensive threat response and
bring distinct advantages and disadvantages. Therefore, the choice of indices for a threat con-

ditioning paradigm should be made depending on the specific research question in mind.
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1.3.3 Neuronal circuitry of threat conditioning

The neuronal circuitry of threat conditioning is well-studied (Kim & Jung, 2006; Quirk
& Mueller, 2008; Sehlmeyer et al., 2009), which makes it feasible to analyze underlying neu-
robiological mechanisms of threat and aversive learning processes. As a key structure of the
fear network and threat response (Davis & Whalen, 2001) the amygdala is also considered the
neuronal hub of threat conditioning (LeDoux, 2003). It is a complex structure with specific
connections and microcircuits (LeDoux, 2007; Rodrigues, LeDoux, & Sapolsky, 2009). The
amygdala can be divided into distinct subnuclei, namely the basolateral amygdala (BLA) —
comprising the lateral (LA) and basal (BA) nuclei —, the central (CE) nuclei as well as the
intercalated cell-masses (ITC), an inhibitory network within the amygdala (LeDoux, 2007;
Pape & Par¢, 2010; Paré, Quirk, & LeDoux, 2004). The amygdala receives input from a variety
of brain regions, e.g. the thalamus, neocortex, brainstem, and hippocampus (Kim & Jung, 2006;
LeDoux, 2007; Rodrigues et al., 2009) into the BLA. In regard to the acquisition of the condi-
tioned defensive response, the BLA — especially the LA — receives and merges the sensory
input of the CS and US (LeDoux, 2003; Pape & Par¢, 2010). On the one hand, the LA projects
directly to the CE, the main output region of the amygdala. On the other hand, the LA has
indirect efferences to the CE through the BA and ITC (LeDoux, 2003; Rodrigues et al., 2009).
The BA contains neurons with excitatory projections to the CE and to specific parts of medial
prefrontal cortex, namely the PL in rodents and the dorsal ACC in humans. Hence, the expres-
sion of conditioned threat responses is facilitated (Herry et al., 2008; Likhtik & Paz, 2015;
Tovote, Fadok, & Luthi, 2015). From the CE several downstream projections initiates the de-
fensive threat response (LeDoux, 2007; Rodrigues et al., 2009; Stockhorst & Antov, 2016).
Amongst others, the CE regulates freezing and endogenous analgesia by projections to the
brainstem and PAG and causes a potentiation of the startle response in the PnC (Fanselow &
Poulos, 2005; Pape & Par¢, 2010; Rodrigues et al., 2009). In addition, the CE is connected to
the hypothalamus to regulate neuroendocrinological responses (e.g., the HPA axis: Rodrigues
et al., 2009; Roozendaal, McEwen, & Chattarji, 2009), to monoamine systems in the brain (i.e.,
locus coeruleus, striatum, and raphe nuclei) for noradrenergic, dopaminergic, and serotonergic
release (Rodrigues et al., 2009; Stockhorst & Antov, 2016). Moreover, the amygdala, espe-
cially the BLA, is interconnected to regions that are involved in learning and memory processes
(i.e., prefrontal cortex, hippocampus, caudate nucleus, and nucleus accumbens; Roozendaal et
al., 2009). Besides the amygdala, other brain regions also regulate the acquisition and expres-

sion of conditioned threat responses. For example, the hippocampus is a brain structure that is
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crucially involved in contextual representations and learning (Bulkin et al., 2016; Rudy, 2009;
Smith & Bulkin, 2014) and is necessary for context conditioning and suggested to also encode
the contextual information during threat acquisition as well (Kim & Jung, 2006; Myers &
Davis, 2007; Rodrigues et al., 2009). Moreover, the cerebellum is assumed to modulate threat

acquisition and the insula to affect the consolidation of the threat memory (Kim & Jung, 2006).

For extinction learning, the neuronal network is hypothesized to be mediated by the same
circuit as for threat acquisition but in a different manner (Quirk & Mueller, 2008). For instance,
the amygdala is involved in the encoding, consolidation, and recall of the extinction memory
(Quirk & Mueller, 2008). Besides the already mentioned excitatory threat-promoting projec-
tions of the BA to the CE, the BA also comprises extinction-promoting neurons, which aug-
ment the ITC and distinct parts of the medial prefrontal cortex — the vmPFC in humans and the
IL in rodents (Herry et al., 2008; Tovote et al., 2015). Consequently, the ITC inhibits the CE
and thereby dampens the descending pathways and the conditioned threat responses (Royer &
Paré, 2002; Tovote et al., 2015). The hippocampus is also crucial as it processes contextual
information during extinction learning. This is particular important as the extinction memory
and its recall is highly context-dependent (Myers & Davis, 2007; Quirk & Mueller, 2008).
Moreover, the hippocampus as well as the vmPFC are crucial for the recall of the extinction
memory (Quirk & Mueller, 2008; Tovote et al., 2015). In detail, during memory recall, the
information about the CS is processed in the amygdala, hippocampus and vmPFC. The vimPFC
then integrates the information about the CS with the contextual information from the hippo-
campus and modulates the memory recall. In the extinction context, the vmPFC increases the
activity of the ITC by descending pathways, which then mitigate the CE and diminishes the
conditioned threat response (Tovote et al., 2015). In a context different to the extinction con-
text, the vmPFC does not receive context information from the hippocampus and thus, condi-

tioned responses can re-occur (i.e., spontaneous recovery).

Human neuroimaging studies support the neuronal circuitry as they observed activation
of a similar brain network during threat conditioning (Biichel & Dolan, 2000; Etkin & Wager,
2007; Fullana et al., 2016; Greco & Liberzon, 2016; Mechias, Etkin, & Kalisch, 2010; Milad
& Quirk, 2012). In line with the animal findings, increased activity towards the CS+ in com-
parison to the CS- was found in the amygdala during threat acquisition (Biichel, Morris, Dolan,
& Friston, 1998; Knight, Smith, Cheng, Stein, & Helmstetter, 2004; LaBar, Gatenby, Gore,
LeDoux, & Phelps, 1998; Phelps, Delgado, Nearing, & LeDoux, 2004). Moreover, differential

CS+/CS- activation was also found in the ACC, anterior insula, hippocampus (Biichel et al.,
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1998; Knight et al., 2004; LaBar et al., 1998; Phelps et al., 2004). These results are supported
by a systematic review (Sehlmeyer et al., 2009) and a meta-analysis (Fullana et al., 2016) which
report significant activation of the amygdala, ACC, insula, hippocampus, thalamus, and ventral
striatum during threat acquisition. Noteworthy however, amygdala activation during threat ac-
quisition was not found in the meta-analysis. In addition, the lateral orbitofrontal cortex (OFC)
was also found to exert increased differential activation during threat acquisition (Gottfried,
O'Doherty, & Dolan, 2002; Tabbert et al., 2011). The brain regions are all considered to mod-
ulate various cognitive and emotional states. For instance, the ACC is not only associated to
the expression of fear (Milad et al., 2007a), but also in pain processing (Tang et al., 2005) as
well as the integration of sensory, motor, cognitive, and emotional information (Bush, Luu, &
Posner, 2000). The insula is viewed as structure that is crucial for the interoception and pro-
cessing of bodily states (Craig, 2009; Meissner & Wittmann, 2011; Saper, 2002). Furthermore,
it has been linked to evaluative processing (Berntson et al., 2011) and is active during several

emotional states as disgust (Klucken et al., 2012), pain, and anxiety (Berntson et al., 2011).

Again consistent with animal work, activation of the amygdala was also found in humans
during extinction learning (Knight et al., 2004; LaBar et al., 1998; Phelps et al., 2004). More
specifically, LaBar et al. (1998) demonstrated augmented CS+ (vs. CS-) activation in the amyg-
dala during early extinction learning, which decreased towards the end of extinction learning.
In addition, the hippocampus was also found to be active during extinction learning, as differ-
ential CS+/CS- activity was increased in participants undergoing extinction in comparison to a

non-extinguished control group (Knight et al., 2004)

Regarding memory recall, there is cumulative evidence in human studies that the vimPFC
is crucial for the consolidation and recall of the extinction memory trace (Greco & Liberzon,
2016; Milad & Quirk, 2012). There are several studies which demonstrated that successful
extinction recall is correlated with increased activity in the vmPFC (Kalisch et al., 2006; Milad
et al., 2007b; Phelps et al., 2004). Moreover, Milad et al. (2005b) found that the thickness of
the vmPFC is positively associated with successful extinction recall. In addition, the hippo-
campus also shows augmented activity during extinction recall (Knight et al., 2004; Milad et

al., 2007b).

Taken together, the neuronal network of threat acquisition and extinction learning is well
studied. The key structure for both constitutes the amygdala. Moreover, the prefrontal cortex
as well as the hippocampus are pivotal for the modulation and regulation of the learning and

memory recall processes.
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1.3.4 Dysregulated threat conditioning and safety learning in psychiatric disorders

Threat conditioning not only is a useful, standardized and well-studied tool to investigate
and manipulate processes of aversive learning experiences and its neuronal correlates but is
also used to reveal possible maladaptive mechanisms in anxiety disorders and PTSD. There are
numerous studies, which investigated differences in threat conditioning between patients suf-
fering from anxiety disorders and healthy controls. As PTSD is not classified as an anxiety
disorder in the DSM-5, evidence for altered threat conditioning in PTSD solely are reported
separately. Lissek et al. (2005b) conducted a meta-analysis comparing threat acquisition and
extinction learning between patients suffering from anxiety disorders and healthy controls. Psy-
chiatric disorders included were amongst other PD, Generalized anxiety disorder (GAD), and
social phobia (SP). Results revealed that in a single-cue paradigm (where only one CS is pre-
sented and paired with the US) anxiety patients in comparison to healthy controls displayed
higher conditioned responses to the CS during acquisition as well as extinction learning. Thus
suggesting, that anxiety patients demonstrate exaggerated threat learning and sustained and
persistent threat responding during extinction learning. These results could not be found when
applying a differential threat conditioning paradigm. Namely, patients and controls did not dif-
fer in their ability to discriminate between CS+ and CS- during threat acquisition and extinction
learning (Lissek et al., 2005b). However, the authors report that in the single cue threat condi-
tioning paradigm the difference score between patients and controls is more pronounced as in
the differential threat conditioning paradigm and therefore conclude that the decreased patients-
control difference was based on increased responding towards the CS-. Hence, patients should
show impairments in inhibiting threat responses to safety cues. Noteworthy however, differ-
ences between patients and controls in conditioned responding to the CS- separately were never
examined in this meta-analysis. Therefore, Duits et al. (2015) ran a large-scale meta-analysis
with the same group of anxiety disorders — diagnosed via the DSM-IV (American Psychiatric
Association, 2000) — and also investigated the comparison of conditioned responding to the
CS- between anxiety patients and healthy controls. During threat acquisition in a differential
conditioning paradigm, again no differences between anxiety patients and controls were found
for conditioned respond to the CS+ or for the CS+/CS- difference. However, facilitated condi-
tioned responding to the CS- for patients (vs controls) was found, suggesting impaired safety
learning or impaired inhibition of threat responses to a safety cue. During extinction learning,
conditioned threat responses towards the CS+ were significantly higher for the patient (vs.

control) group, indicating again the inability to extinguish the conditioned threat responses in
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individuals suffering from anxiety disorders (Duits et al., 2015). In contrast, a recent well-
powered study contradicts the findings of the meta-analyses, as no differences in threat condi-
tioning were found between patients suffering from anxiety disorders and healthy controls
(Abend et al., 2020). In detail, anxiety disorders comprised amongst others PD, GAD, SP, and
specific phobia. Participants underwent a differential threat conditioning paradigm consisting
of threat acquisition and extinction learning. Neither during acquisition nor during extinction
learning did patients display increased conditioned responses for CS+ or CS- in comparison to
controls. Interestingly, anxiety patients showed overall higher physiological arousal (measured
via SCR responses) independent of the type of CS or the phase. Psychophysiological respond-
ing towards the US however did not differ between groups. Thus, the results suggest that anx-
iety patients do not differ in their ability to differentiate between threatening and safety cues
and to extinguish the conditioned responses, but display a generalized hyperarousal (Abend et

al., 2020).

It must be noted that different versions of the diagnostical instrument (i.e., DSM) were
used in the aforementioned studies and meta-analyses to categorize the disorders. Since the
DSM-5, PTSD is not classified as anxiety anymore, but represents a trauma- and stressor-re-
lated disorder. The two meta-analyses (Duits et al., 2015; Lissek et al., 2005b) used older ver-
sions of the DSM and thus, included PTSD as an anxiety disorder into their meta-analysis,
whereas Abend et al. (2020) did not. Since PTSD is now characterized as distinct from other
anxiety disorders, it is advisable to examine how threat conditioning processes are altered in
this disorder solely. There are several studies examining the difference in threat conditioning
between PTSD patients and controls for different outcome measures. For SCR and heart rate,
evidence demonstrated higher CS+/CS- differentiation for PTSD patients in comparison to
healthy controls (Blechert, Michael, Vriends, Margraf, & Wilhelm, 2007) or trauma-exposed
individuals, who did not develop PTSD, during threat acquisition (Orr et al., 2000). Moreover,
larger SCRs to the CS- were found for PTSD patients (Blechert et al., 2007; Peri, Ben-Shakhar,
Orr, & Shalev, 2000). When utilizing startle response as dependent variable, results demon-
strated potentiated conditioned responses for CS+ and CS- in PTSD patients (vs. controls) dur-
ing threat acquisition (Glover et al., 2011; Norrholm et al., 2011b). For extinction, facilitated
SCR and an increased heart rate was found for the CS+ and CS- during extinction learning
(Blechert et al., 2007; Orr et al., 2000; Peri et al., 2000) as well as for the CS+ during memory
recall 24h later (Milad et al., 2009). However, there are also studies reporting no differences in

threat acquisition and extinction learning for SCR between PTSD and controls (Glover et al.,
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2011; Milad et al., 2009). The meta-analysis by Duits et al. (2015) also reported the comparison
between patients suffering from PTSD with healthy controls in regard to differential threat
conditioning. For startle response, potentiation for CS+ persisted even throughout extinction
learning (Norrholm et al., 2011b). Convergence of studies indicate that PTSD patients exhibit
enhanced conditioned responding to the CS- during threat acquisition and to the CS+ during

extinction learning.

A key dysregulation — that is discussed within the etiology and perseverance of PTSD —
is the inability to inhibit defensive responses to stimuli that actually signal or predict safety
(Jovanovic et al., 2012). The startle response 1s discussed as biomarker specifically for PTSD
(Jovanovic et al., 2012) and not for other psychiatric disorders (Jovanovic et al., 2010a) and
therefore, constitutes a useful tool to examine impairments in safety learning. In this regard,
Jovanovic et al. (2005) implemented a modification of the summation test (Grillon & Ameli,
2003; Rescorla, 1971), i.e., the AX+/BX- conditional discrimination paradigm. Here, two com-
pound stimuli were presented: One pair of colored lights (AX+) was paired with an aversive
stimulus (i.e., airblast to the throat), while a different pair of colored lights (BX-) was never
coupled with the US. The purpose of using compound stimuli is, that one colored light (X) is
presented in either stimuli configuration. Hence, participants learned that the presence of one
stimuli (A) predicted the aversive US. This was evident in startle potentiation to AX+ in com-
parison to ITI startle responses. The other (B) predicted safety. Subsequently, the compound
of threat- and safety-predicting stimuli (AB) was presented and resulted in a decrease startle
response in comparison to AX+. Hence, the safety-predicting properties of B causes an inhibi-
tion of the conditioned threat response during AB presentation in healthy participants
(Jovanovic et al., 2005). Jovanovic et al. (2009) compared if PTSD patients and healthy con-
trols responded differently in this paradigm. They provided first evidence that the inhibition of
conditioned threat responses is impaired in PTSD, as patients exhibited startle potentiation to
the ambivalent AB stimuli in comparison to healthy controls. Moreover, PTSD patients did not
differentiate between the threat-predicting (AX+) and the safety-predicting compound (BX-).
Interestingly, participants explicitly learned that the stimuli B signaled safety, suggesting that
safety learning was successful on a cognitive level. The results of impaired safety learning and
impaired threat response inhibition could be replicated (Jovanovic et al., 2010a; Jovanovic et
al., 2010b). Again, PTSD patients (vs. controls) displayed potentiated startle responses not only
to AX+, but also to BX- and the ambivalent AB stimuli.



1. Introduction 39

To sum up, patients suffering from PTSD show alterations in threat processing and safety
learning. More specifically, PTSD patients exhibit increased conditioned responses to the CS-
during threat acquisition and to the CS+ during extinction learning. Beyond that PTSD patients

show impairments in inhibiting conditioned threat responses in the presence of a safety signal.

1.4 Influence of stress on threat conditioning

As outlined earlier, stress has a time-dependent influence on learning and memory pro-
cesses for episodic memories (Schwabe et al., 2012; Wolf, 2008). Moreover, stress effects are
exerted via binding of its mediators to receptors throughout the brain. But most importantly,
the effects of stress on the amygdala, hippocampus, and PFC are intensely investigated. As
described earlier, these brain areas represent crucial brain structures of the neuronal circuitry
of threat conditioning (Kim & Jung, 2006; Quirk & Mueller, 2008; Sehlmeyer et al., 2009;
Tovote et al., 2015). Hence, it seems logical that stress also affects other emotional memories,
such as threat conditioning. Indeed, there are several studies addressing this topic (for overview
see Aubry, Serrano, & Burghardt, 2016; Diamond, Campbell, Park, Halonen, & Zoladz, 2007;
Maren & Holmes, 2016; Meir Drexler, Merz, Jentsch, & Wolf, 2019; Raio & Phelps, 2015;
Rodrigues et al., 2009; Stockhorst & Antov, 2016). Before going into detail, it is important to
note that depending on the timing of the stress manipulation during memory processes, differ-
ent effects are examined and different research questions can be addressed. Stress manipulation
can be either placed prior to or after the encoding, or prior to the recall of the memory trace.
When manipulations occur prior to learning, the effect on encoding and its consolidation are
examined. Manipulations closely after learning allow to investigate the effect on consolidation
solely (Rodrigues, Schafe, & LeDoux, 2004). For the effect of stress on threat conditioning, it
is furthermore important to differentiate between the effect of stress manipulation on the dif-
ferent phases of the paradigm (i.e., threat acquisition, extinction learning, memory recall) and
its research question. First, by placing stress manipulation prior to or immediately after threat
acquisition, one can study the effect of stress on the encoding or consolidation of the threat
memory (Raio & Phelps, 2015; Rodrigues et al., 2009). Notably, it has to be taken into account
that for investigating the effect of stress on threat consolidation, extinction learning has to be
temporal distant (e.g., 24 h later) to threat learning and stress manipulation. Otherwise, it would
not be possible to disentangle the effect of stress on threat consolidation or extinction learning.
Second, stress can be manipulated immediately before or after extinction learning (Maren &
Holmes, 2016; Meir Drexler et al., 2019; Stockhorst & Antov, 2016). Here, the aim is to facil-

itate extinction learning as potential therapeutic approach to improve exposure therapy. Last,
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studies are looking at the effect of stress on the memory recall (Meir Drexler et al., 2019) to
investigate possible mechanisms that can explain a return of fear and hence, a relapse of con-
ditioned threat responses and symptoms in anxiety disorders. Since this dissertation is investi-
gating the effect of stress as a risk factor for aversive learning experiences, PTSD, and anxiety
disorders, the focus in the following section will be on studies using stress administration prior

to or after threat acquisition.

1.4.1 Effect of pharmacological manipulation of stress mediators

One way to study the effect of stress on threat conditioning is by pharmacologically ma-
nipulating single neuroendocrinological mediators of the stress response and assess its effect
on threat conditioning. The most prominent and most investigated stress mediators are NA and
glucocorticoids (Giustino & Maren, 2018; Raio & Phelps, 2015; Rodrigues et al., 2009). Other
mediators such as adrenaline (Lee, Berger, Stiedl, Spiess, & Kim, 2001), CRH (Bijlsma, van
Leeuwen, Westphal, Olivier, & Groenink, 2011; Hollis, Sevelinges, Grosse, Zanoletti, &
Sandi, 2016; Isogawa, Bush, & LeDoux, 2013; Radulovic, Riihmann, Liepold, & Spiess, 1999),
ACTH (Izquierdo, Barros, Medina, & Izquierdo, 2002), endocannabinoids (Lutz, 2007;
Papagianni & Stevenson, 2019; Resstel, Moreira, & Guimaraes, 2009), and opioids (Fanselow,
Calcagnetti, & Helmstetter, 1988; Hernandez & Powell, 1980; McNally & Westbrook, 2003)
are also studied, but not as intensely. Therefore, results of pharmacological manipulations of

only NA and GC will be reported.
Animal studies

NA is a key component of the first-wave stress response and is crucial for sleep-wake
cycle, arousal, respiration, and learning and memory (Giustino & Maren, 2018). NA exerts its
effects via several receptor subtypes, ordered from highest to lowest affinity: a2-adrenoceptors
(AR), al1-ARs, and B-ARs (Ramos & Arnsten, 2007). An activation of the a2-AR is leading to
inhibition and a1-AR and B-AR are leading to an increase of neuronal excitability (Giustino &
Maren, 2018; Ramos & Arnsten, 2007). Hence, it is important to mention that targeting differ-
ent receptor subtypes can lead to different releases of NA and different outputs. Microinfusions
of propranolol (B-AR antagonist; leading to decreases in NA release) into the lateral amygdala
(Bush, Caparosa, Gekker, & Ledoux, 2010; Diaz-Mataix et al., 2017) or BLA (Giustino,
Ramanathan, Totty, Miles, & Maren, 2020) prior to cued threat conditioning lead to impaired
threat acquisition in comparison to vehicle-treated control rats, which was evident in decreased

freezing levels. Moreover, when confronted with the CS again 3h hours later (short-term
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memory test; STM) or 2 days later (long-term memory test; LTM) propranolol-treated (vs.
vehicle) rodents also showed decreased freezing levels (Bush et al., 2010; Diaz-Mataix et al.,
2017). Contrary, increasing noradrenergic release by administering isoproterenol (ISO; f-AR
agonist) into the lateral amygdala prior to cued threat conditioning enhanced the acquisition
and threat memory recall during STM and LTM in comparison to vehicle-treated rats (Schiff
et al., 2017). Decreasing noradrenergic release via injections of a2-AR agonists dexmedetomi-
dine in mice (Davies et al., 2004) or clonidine into rats (Schulz, Fendt, & Schnitzler, 2002)
before acquisition impaired threat learning and its memory recall 24h later. To further test if
NA has an effect on the consolidation, post-acquisition administrations can be examined. Stud-
ies reveal that post-acquisition manipulation of the noradrenergic system with either decreasing
with propranolol (Bush et al., 2010), clonidine (Schulz et al., 2002) or increasing the activity
with ISO (Schiff et al., 2017) or terazosin (Lazzaro, Hou, Cunha, LeDoux, & Cain, 2010) do
not affect threat memory recall 24h or 2 days after threat acquisition. In sum, the findings on
the effect of NA on threat acquisition suggest that noradrenergic activity is important for and
enhances the acquisition of the threat memory and thereby also improving its recall. However,
post-acquisition administrations did not affect threat memory recall, suggesting that NA does

not affect the consolidation of the threat memory.

For GC, injections of the GR antagonist RU40555 prior to threat conditioning paradigms
in rats revealed no effects on the initial threat acquisition or its recall 24 h later (Pugh, Fleshner,
& Rudy, 1997). An increase in GC by administrations of corticosterone immediately after ac-
quisition increased the threat memory recall 24 h later (Hui et al., 2004; Roozendaal et al.,
2006). In addition, injections of dexamethasone (GR agonist) immediately after acquisition
also impaired extinction learning for the subsequent consecutive days after acquisition
(Zorawski & Killcross, 2002). A decrement in GC levels by administering the GR antagonist
RU486 immediately after acquisition resulted in an impaired threat memory recall (i.e., lower
freezing levels) 24 h (LTM) but not 4 h (STM) after acquisition (Jin, Lu, Yang, Ma, & Li,
2007). Notably, pharmacological GC manipulation within 3 h, 6 h, or 24 h after threat acquisi-
tion did not show an effect on threat memory recall, as drug-treated (vs. vehicle) rodents did
not differ (Hui et al., 2004; Jin et al., 2007; Pugh et al., 1997). Taken together, results suggest
that GC does not affect the encoding during acquisition but enhances the consolidation of the
threat memory trace, evident in altered memory recall. However, GC manipulation must take
place in a proximal time to the actual encoding exert its effect. Noteworthy, the consolidation-

augmenting effect of GCs is mediated by noradrenergic activity. Roozendaal et al. (2006)



1. Introduction 42

demonstrated that the threat-memory-recall enhancing effect of subcutaneous corticosterone
injections immediately after threat acquisition could be prevented when simultaneously de-
creasing noradrenergic activity by bilaterally infusing atenolol (B1-AR antagonist) into the
BLA. Here, rats showed lower levels of freezing during threat memory recall in comparison to

animals only treated with corticosterone.

Altogether, studies investigating the effect of pharmacological manipulation of NA and
GC — as mediators of the stress response — on threat conditioning found an acquisition-enhanc-

ing effect of NA and a consolidation-enhancing effect of GC on threat conditioning.
Human studies

In comparison to pharmacological manipulation in animal studies, where peripheral or
central injections into specific brain areas are feasible, human studies rely on oral intakes of
the neuroendocrinological agent in form of pills. Therefore, drug distribution throughout the
body and brain takes longer. To assess the effect on threat conditioning, the drug administra-
tions must take place prior to the learning phase. Hence, it cannot be differentiated between the
effect on encoding or consolidation. Additionally, due to ethical restrictions there are not as
many human studies as animal studies, manipulating and investigating the effect of single stress
mediators on threat conditioning. An overview of studies investigating pre-acquisition phar-
macological manipulation of stress mediators on threat conditioning in humans is shown in
Table 1. However, Grillon, Cordova, Morgan, Charney, and Davis (2004) found that decreas-
ing noradrenergic activity by administrations of Propranolol (B-AR antagonist) 60min prior to
a threat conditioning paradigm did not cause any differences in threat acquisition and threat
memory recall 7 days later. Contradictory to the findings in the animal literature, pre-acquisi-
tion administration of prazosin (al1-AR antagonist), which attenuates NA release, caused per-
sistent CS+/CS- differentiation during delayed extinction learning and re-extinction 24h later
(Homan et al., 2017). On the other hand, increasing noradrenergic activity by blocking a2-AR
autoreceptor with yohimbine 30 min prior to threat conditioning weakened extinction learning
48h after threat acquisition and enhanced the return of fear after reinstatement for the drug-

treated (vs. placebo) group (Soeter & Kindt, 2011).

Hydrocortisone can be administered to assess the effect of cortisol on threat conditioning
in humans (for overview see Merz & Wolf, 2017). Cornelisse, van Ast, Joels, and Kindt (2014)
gave participants hydrocortisone (or placebo) either 240 min (slow cortisol group) or 60 min

(rapid cortisol group) prior to threat conditioning and found that the slow cortisol group, but
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not the rapid cortisol or placebo group, displayed weakened extinction learning 24h after threat
acquisition. Neuroimaging studies examining the effect of hydrocortisone on threat condition-
ing revealed gender-specific drug effects. One study found that cortisol impaired the activity
for CS+/CS- differentiation in the ACC, lateral orbitofrontal cortext and medial PFC in men
during threat acquisition, while the activity was increased in women in the aforementioned
brain regions (Stark et al., 2006). Merz et al. (2010) found a similar pattern: Whereas men
showed reduced activity for CS-differentiation, women exhibited enhanced activity in the in-
sula. Since sexual hormones fluctuate depending on the menstrual cycle in women, Tabbert et
al. (2010) only included only women taking oral contraceptives (OC). Pre-acquisition admin-
istrations of hydrocortisone enhanced the activity for CS-differentiation in the ACC and hip-
pocampus. Moreover, during immediate extinction learning the drug-treated group showed
higher activity to the CS- (vs. CS+) in the hippocampus and thalamus. Disentangling the influ-
ence of gender even more, a study compared the brain activity during acquisition after cortisol
intake of men, women in the early follicular phase (FO; low sex hormone levels), in the luteal
phase (LU; high sex hormone levels), and women taking OC. Results indicate that OC women
showed enhanced CS-differentiation activity in the parahippocampal gyrus and the hippocam-

pus, whereas men, FO, and LU women demonstrated decreased activity (Merz et al., 2012).

Taken together, findings on the effect of pharmacological manipulation of single stress
mediators in humans are not as consistent as in animal studies. No study found an enhancing
effect of NA on threat acquisition. However, one study reported a delay in extinction learning
after NA treatment. Which can be explained by a stronger and stable threat memory. For cor-
tisol, the results contradict the animal findings. Pre-acquisition cortisol seems to decrease
CS+/CS- differentiation on a neuroimaging level in men during acquisition. Only in women,
the opposite effect was displayed. Moreover, there are almost no studies investigating the effect
of pre-acquisition cortisol administration on extinction learning. Regarding the animal find-
ings, cortisol enhanced the consolidation of the memory trace, which can only be behaviorally
examined during extinction learning and memory recall test. However, there are several expla-
nations why the studies yielded different and sometimes opposite effects from the animal re-
sults. First, the method of administration differs between animal and human studies. As already
mentioned, in human studies only oral intake via pills can be realized, leading to slower distri-
bution of the drug through the body and brain. In animal studies, the drug can peripherally or
centrally be injected and even microinfused in specific brain regions via cannulas. Hence, local

and time resolution of drug administrations is better in animal than in human research. Second,
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the timing of drug administration prior to threat acquisition differed between human studies
ranging from 15 to 240 min. Therefore, different cortisol levels during threat acquisition could
explain the differences and contradictions in the results. Third, drug concentrations differed
between studies. Given that there are interindividual differences in drug distribution between
participants, this could further cause different levels of cortisol during threat learning. Last,
gender distribution differed between animal and human studies. Whereas in animal studies only
male rodents were used, human studies tested female and male participants and found different
results between genders. There is further research showing and supporting the findings that
gender and especially sexual hormones have been found to affect the stress response as well as
threat conditioning (Merz & Wolf, 2017; Stockhorst & Antov, 2016). This could explain the

different pattern of results in human in comparison to animal studies.

Regardless, animal and human studies support the idea, that mediators of the stress re-
sponse (especially NA and GC) strengthen the threat memory and thereby provide the oppor-

tunity to impair extinction learning and cause spontaneous recovery.

1.4.2 Effect of stress-induction protocols

In contrast to pharmacological manipulations of single mediators of the stress response,
stress-induction protocols allow to investigate the symphony of all stress mediators and their
effect on learning and memory processes. There are several stress-induction protocols estab-

lished in animal and human research and their effect on threat conditioning examined.
Animal models

There are a variety of types of rodent protocols ranging from acute, to traumatic, to
chronic stress inductions (for overview see Deslauriers, Toth, Der-Avakian, & Risbrough,
2018; Maren & Holmes, 2016). For instance, as an acute stressor restraint stress can be applied
(Chauveau et al., 2012; Cordero, Venero, Kruyt, & Sandi, 2003). Here, the animal is placed
into a plastic tube, which restricts movement, for a duration of 2 h. Placing restraint stress 10
days prior to a differential cued threat conditioning paradigm had no effect on actual threat
acquisition. But stressed (vs. non-stressed) rats had significantly higher freezing levels during
extinction learning and memory recall (respectively, 24h later), indicating spontaneous recov-
ery after stress exposure (Chauveau et al., 2012). Placing a rat on an elevated platform in a
brightly lit room for 30 min also induces a stress response. In a study by Maroun et al. (2013),

rats went through a threat conditioning paradigm with an acquisition, retention test, extinction
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learning, and memory recall test each separated by 24 h, respectively. A single session of ele-
vated platform stress was placed immediately after retention test on Day 2. Results indicated
impaired extinction learning and also spontaneous recovery in the stress (vs. unstressed) group,
evident in higher and sustaining freezing responses to the CS. Exposing mice to a forced-swim
stressor (i.e., swimming in a 20-cm-diameter cylinder filled with lukewarm water for 10 min)
for 3 consecutive days before a threat conditioning paradigm caused higher freezing responses
during the extinction session for the stress (vs. non-stressed) group 24 h after threat acquisition

and thereby, indicating impaired extinction learning (Izquierdo et al., 2006).

In rodents, the SPS is a stress protocol to induce traumatic stress and a well-studied rat
and mouse model for PTSD (Liberzon, Krstov, & Young, 1997; Perrine et al., 2016; Souza,
Noble, & Mclntyre, 2017; Yamamoto et al., 2009). Here, the animal is restraint for 2h in a cone
bag, followed by 20 minutes of forced swimming in water before it is exposed to diethyl ether
till unconsciousness (Yamamoto et al., 2008). The SPS is shown to induce PTSD-like symp-
toms (Souza et al., 2017; Yamamoto et al., 2009), for example an increased negative feedback
of the HPA axis (Liberzon et al., 1997) and hyperarousal, indicated by higher startle responses
after SPS (vs. sham) exposure (Khan & Liberzon, 2004). In addition, SPS causes changes in
the brain, e.g., enhanced GR expression in the hippocampus and PFC (George, Rodriguez-
Santiago, Riley, Rodriguez, & Liberzon, 2015; Knox, Nault, Henderson, & Liberzon, 2012b).
In regard to the effect of SPS on threat conditioning, placing the stress protocol seven days
prior to a threat conditioning paradigm had no effect on threat acquisition (Knox et al., 2012a).
Furthermore, spontaneous recovery occurred after SPS exposure, evident in higher freezing
rates in comparison to the sham control group at memory recall (Knox et al., 2012a). Interest-
ingly, the effect of SPS is only found, when placing the stress protocol seven days prior to a
threat conditioning paradigm, not just a single day prior (Knox et al., 2012a). Moreover, only
the exposure to the compound of all SPS components (i.e., restraint, forced swim, and ether
exposure) exerted the spontaneous-recovery effect of the SPS. A partial SPS with fewer com-
ponents did not elicit the impairing effect (Knox et al., 2012b), suggesting that the severity of

the SPS with all stress components is crucial for the behavioral and physiological alterations.

Chronic stress is often induced by repeatedly exposing a rodent to acute stressors (such
as restraint stress) for several consecutive days (Baran, Armstrong, Niren, Hanna, & Conrad,
2009; Chakraborty & Chattarji, 2019; Miracle, Brace, Huyck, Singler, & Wellman, 2006;
Wilber et al., 2011). For example, Miracle et al. (2006) and Wilber et al. (2011) restrained rats

for 3 h per day for 7 consecutive days before undergoing a threat conditioning paradigm. One
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of the studies found higher freezing responses for the stress (vs. sham) group during threat
acquisition (Wilber et al., 2011) — i.e., enhanced acquisition — whereas the other study did not
find any differences during acquisition (Miracle et al., 2006). While immediate extinction
learning (1h after threat acquisition) did not differ between groups, spontaneous recovery oc-
curred for the stress group in comparison to the control group 24 h later, indicated by higher
freezing responses to the first trials of CS-presentation (Miracle et al., 2006; Wilber et al.,
2011). Extending the amount of chronic restraint stress by 2 h per day for 10 days (Chakraborty
& Chattarji, 2019) or 6 h per day for 21 days (Baran et al., 2009) prior to threat conditioning
yielded similar findings: spontaneous recovery for the stress (vs. sham) group. Furthermore,
Chakraborty and Chattarji (2019) found impaired extinction learning and re-extinction 24h and
48h after threat acquisition, respectively. Interestingly, the extinction impairing effects of
chronic restraint stress were gone, when the stressor was placed between threat acquisition and
extinction learning (Chakraborty & Chattarji, 2019). Another chronic stress-induction protocol
in rodents is the chronic mild stress (CMS), which comprises a continuous exposure to variety
of mild stressful periods (i.e., confinement to small cages, overnight illumination, food and
water deprivation, and group housing in a solid cage for a duration of 19 to 38 days (Moreau,
Bourson, Jenck, Martin, & Mortas, 1994). Regarding the effects of CMS on threat condition-
ing, Garcia, Spennato, Nilsson-Todd, Moreau, and Deschaux (2008) placed 21 consecutive
days of CMS prior to threat conditioning. In comparison to a sham group, the CMS group did
not show any differences in threat acquisition and immediate extinction learning. However,
CMS (vs. sham) showed spontaneous recovery 24 h later, evident in higher freezing responses

during the first memory recall trials.

Because the brain develops during childhood and adolescence and is particularly sensi-
tive to stress in these periods (Lupien et al., 2009), investigating the effect of stress in these
stages of development on later threat conditioning is also crucial to understand the effect of
early life events on the etiology of PTSD and anxiety disorders. Maternal separation (MS) is
an established stress-induction protocol in the animal model to examine the effect of stressful
experiences in early life on the brain, behavior and memory processes (Chen & Baram, 2016).
This stress protocol consists of singly or repeatedly removing rodent pups from their respective
dams and kept in a Plexiglas cage for a duration of minutes to hours, before being reunited with
their dams in the maternity cage (Huot, Plotsky, Lenox, & McNamara, 2002; Stevenson,
Meredith, Spicer, Mason, & Marsden, 2009; Wilber, Southwood, Sokoloff, Steinmetz, &
Wellman, 2007; Wilber, Southwood, & Wellman, 2009). MS for 15 min per day from post-



1. Introduction 48

natal days 2-14, did not influence proximate threat acquisition and immediate extinction learn-
ing, but caused spontaneous recovery in comparison to a sham control group 24 h later: rats
had higher freezing responses to the first 3 trials of the memory recall phase (Wilber et al.,
2009). Interestingly, placing the same amount of MS 2-3 months prior to threat acquisition
(Wilber et al., 2007) or increasing the duration of MS per day to 6 h per day (Stevenson et al.,
2009) resulted in attenuated threat acquisition for MS (vs. sham) group, evident in lower freez-
ing responses in female rats (Stevenson et al., 2009) and lower potentiated startle responses for
male rats (Wilber et al., 2007). As shown, results of studies examining the effect of MS on
threat conditioning are yielding different findings from attenuated threat acquisition to sponta-
neous recovery. Notably, these studies differ in duration, intensity, and timing of MS on threat
learning. It is known and discussed that these characteristics are important to determine the

direction of the effect of early life stress (Chen & Baram, 2016).

Taken together, animal studies investigating the effect of acute, traumatic, and chronic
stress on threat conditioning demonstrated in some cases impaired extinction learning and col-
lectively spontaneous recovery in comparison to their respective sham control group. Thus,
providing further evidence that not only single mediators of the stress response, but also the
whole stress response and the interplay of all its” mediators has an influence on subsequent

aversive learning experience (i.e., threat conditioning).
Human models

There are only a few human studies (see Table 1 for overview) investigating the effect
of stress induction on threat conditioning (for overview see Merz & Wolf, 2017). The most
prominent and most effective (Giles, Mahoney, Brunye, Taylor, & Kanarek, 2014) stress-in-
duction paradigm used in human research is the TSST (Kirschbaum, Pirke, & Hellhammer,
1993). During the TSST, participants were told to partake in a personal job interview with a
selection committee of a company. After a short preparation time, participants had to convince
the committee that they were the perfect applicant for the job in a free speech. During the
speech, audio and video recording were collected to further analyze voice and nonverbal be-
havior. Subsequently, an arithmetic task should be performed, consisting of a serial subtraction
of the number 13 of 1022 as fast and accurately as possible. If an error occurred, participants
had to start the subtraction all over again. To investigate the effect of TSST-induced stress on
threat conditioning, Merz et al. (2013) placed the TSST 25 min before threat acquisition in an
fMRI study. Results indicated that differential conditioned responses (i.e., CS+ minus CS-)

were attenuated in the nucleus accumbens, amygdala and ACC and on the level of SCR in men,
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whereas these responses were facilitated in women using OC. Moreover, stress sex-inde-
pendently increased and decreased the differential responding in the hippocampus and medial
PFC, respectively. Taken together, stress seems to facilitate processing of threat acquisition in

associated brain regions for women using OC, but not men.

Jackson, Payne, Nadel, and Jacobs (2006) placed a psychosocial stressor — comprising
an anticipation and performance of a public speech, which was announced to be video- and
audio-recorded, and mental arithmetics — 60 min prior to a differential threat conditioning par-
adigm including an immediate extinction learning. In men, stressed (vs. sham) individuals dis-
played higher conditioned responses (measured via SCR) to the CS+, not CS- during acquisi-
tion and extinction learning. Moreover, Changes in cortisol level after stress induction was
positively associated with differential conditioned responding (i.e., CS+/CS- differentiation)
during acquisition and extinction learning. In women, threat responding did not differ in regard
to stress induction. Contradictory, placing a similar psychosocial stressor (i.e., anticipation,
preparation and video-recorded performance of a public speech) 50 min before differential
threat conditioning had no influence on threat acquisition and immediate extinction learning in
men. Additional correlational analyses revealed a negative correlation between cortisol in-
crease from baseline to peak and differential conditioned responding during extinction learning
(Antov, Wolk, & Stockhorst, 2013). For the later mentioned study, small sample sizes per
group (N = 12 respectively) and no statistical evidence for successful extinction learning across
both groups must be considered when interpreting the results. The same laboratory followed
up the study by investigating the effect of the same psychosocial stressor (45 min prior to threat
acquisition) on a 2-day threat conditioning paradigm in men and women with different estradiol
status (Antov & Stockhorst, 2014). Consistent with their prior finding, stress did not alter threat
acquisition and immediate extinction learning in men. Furthermore, memory recall and re-ex-
tinction 24h later also did not differ between the stress and sham group as both displayed no
CS differentiation. For women, there was a trend for spontaneous recovery in women with low
estradiol status, but not with high estradiol status. Zorawski, Blanding, Kuhn, and LaBar (2006)
placed a psychosocial stressor — a compound of mental arithmetics (i.e., paced auditory serial-
addition test: PASAT; Gronwall, 1977) and public speech — immediately after threat acquisi-
tion to investigate the effect of stress on the consolidation of the threat memory. Initial results
indicate no effect of post-acquisition stress on extinction learning for both, men and women.
However, differential conditioned responding (CS+/CS- differentiation) during acquisition was

positively correlated with the cortisol level approx. 30 min after stress induction. In additional
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post-hoc analyses participants were median split into high or low cortisol responders. For men,
cortisol responders showed increased CS+/CS- differentiation during acquisition. This was not

the case for women.

Another prominent stress-induction protocol in humans is the Cold Pressor Test (CPT).
Here, participants have to immerse their hand into ice-cold water for maximal three minutes
(Lovallo, 1975). This manipulates aspects of the stress response such as an increase of sympa-
thetic activation (Lovallo, 1975; Victor, Leimbach, Seals, Wallin, & Mark, 1987) and an in-
crease of noradrenaline and adrenaline plasma-concentrations (Kotlyar et al., 2008; Victor et
al., 1987). Regarding an increased activation of the HPA-axis and an increased release of GC
through the CPT, there are mixed results from mild to moderate increases in GC (Porcelli,
2014). Placing the CPT approx. seven minutes prior to threat acquisition impaired immediate
extinction learning in comparison to a sham control group, evident in higher CS+/CS- differ-
entiation measured via SCR (Antov et al., 2013). In addition, increases in systolic and diastolic
blood pressure after stress induction was associated with increased differential conditioned re-
sponding during acquisition phase. However, it has to be taken into account that cortisol levels

did not increase after CPT in this study.

Since cortisol increase is not reliably ensured after CPT (Antov et al., 2013; Porcelli,
2014), a modification of the CPT was developed: the socially evaluated Cold-Pressor Test
(SECPT: Schwabe, Haddad, & Schachinger, 2008). Here, a social threatful evaluation is added
to the CPT. During hand immersion, an experimenter is observing the participant who is de-
ceived of being video-recorded for facial expression analysis (for detailed description see
Schwabe & Schachinger, 2018). In a well-powered study, Riggenbach et al. (2019) placed the
SECPT within minutes before threat acquisition. Here, stressed participants displayed in com-
parison to the sham group potentiated startle responses to the CS+ during threat acquisition.
Although stress induction did not influence delayed extinction learning, startle responses to
CS+ and CS- as well as CS+/CS- differentiation were potentiated in the stress (vs. sham) group
during re-extinction 24 h later. However, at memory recall (i.e., the first block of re-extinction)
the stress and sham group did not differ as both displayed no CS+/CS- differentiation. Addi-
tional correlational analyses revealed a positive association between cortisol increase after
stress induction on Day 1 and the differential conditioned startle response (CS+ minus CS-)
during extinction learning and re-extinction on Day 2 and Day 3, respectively. In other words,
these correlations provide support that the group differences found are related to activity of the

stress response.
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In comparison to animal models — which investigated the effect of acute, traumatic, and
chronic stress on threat conditioning — human studies only examined the effect of acute stress
induction. Measuring stressful life events via questionnaires represents an option to explore the
effect of such more incisive stressful experiences on threat conditioning. For example,
McLaughlin et al. (2016) subdivided their sample of children and adolescents (6-18 years) into
maltreated and non-maltreated children based on the Childhood Trauma Questionnaire
(Bernstein, Ahluvalia, Pogge, & Handelsman, 1997) and the Childhood Experiences of Care
and Abuse (CECA) interview (Bifulco, Brown, Lillie, & Jarvis, 1997). They demonstrated that
maltreated in comparison to non-maltreated children displayed blunted CS+/CS- differentia-
tion during threat acquisition and immediate extinction learning measured via SCR. A different
study (Scharfenort, Menz, & Lonsdorf, 2016) found in young adults that on a level of SCR
recent life events (in the past 3 years) but not childhood adversity (until the age of 11 years) —
both measured via a modified version of the life events’ checklist (Caspi et al., 1996) — caused
a decrease in CS+/CS- differentiation during threat memory recall 24 h after threat acquisition
(i.e., beginning of delayed extinction learning) and after reinstatement. Moreover, the dimin-
ished CS differentiation found in for SCR could also be mirrored in brain regions related to
threat learning and expression (i.e., amygdala, hippocampus, and thalamus). For both studies,
it must be taken into account that life events were measured via questionnaires and interviews

and therefore no direct causal inference can be drawn.

In sum, the results from human studies investigating the effect of stress induction on
threat conditioning are again not as consistent as in animal studies. Some studies found en-
hanced threat processing of the CS+ while others found attenuated CS discrimination during
threat acquisition. For extinction learning, there is evidence for an impairing effect of stress as
well as no effect. To our knowledge, only two studies examined the effect of pre-acquisition
stress on memory recall and found no direct effect on the memory recall 24 h after extinction
learning. However, there are several explanations why the studies yielded different and some-
times opposite effects. First, the temporal distance of the stress induction to threat acquisition
could explain the discrepancies. Stressors placed immediately proximal to learning is said to
enhance the encoding of the learning material, whereas more distal stress is said to impair the
actual learning (Schwabe et al., 2012). In line with that, activity and LTP is enhanced in brain
regions crucial for threat learning (i.e., amygdala and hippocampus) immediately after stress
induction. To a later timepoint after stress exposure, the activity and LTP of these brain regions

is decreased (Diamond et al., 2007), supporting the notion of divergent effects of stress in as a
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function of temporal distance. Second, gender distributions differed between studies. Whereas
some experiments only included male participants (Antov et al., 2013), others included both
sexes and found opposite stress effects (Antov & Stockhorst, 2014; Jackson et al., 2006; Merz
et al., 2013) or no effects (Riggenbach et al., 2019; Zorawski et al., 2006) between male and
female participants. As already mentioned sexual hormones affect the stress response as well
as threat conditioning (Merz & Wolf, 2017; Stockhorst & Antov, 2016). Hence, differences in
gender distribution could also explain for contrary results. Last, the time of day, when the ex-
periments were conducted, varied across studies (Merz & Wolf, 2017). Some studies performed
the experiments only in the afternoon (Antov et al., 2013; Merz et al., 2013; Zorawski et al.,
2006), while others did so in the morning and afternoon (Antov & Stockhorst, 2014; Antov et
al., 2013; Riggenbach et al., 2019). Due to the circadian rhythm of cortisol secretion, cortisol
levels have a peak during the morning which decrease over the day (Kirschbaum &
Hellhammer, 1989). Hence, different starting times of the experiments could have resulted in
different baseline cortisol levels and thereby could have influenced the effect of stress on threat

conditioning.

Nonetheless, when merging the results of stress induction on threat conditioning from animal
and human studies, there is a certain consensus that stress when placed prior to the acquisition
of threat conditioning strengthens the consolidation of threat memory, which is evident in an
impaired extinction learning and/or spontaneous recovery. Furthermore, these results indicate
that stress-induction, as an alternative to pharmacological manipulation, is sufficient to exert

the effects of stress on threat conditioning.

1.5 Aim of the thesis

Stress represents a great burden for the health care system and constitutes a major risk
factor for the etiology of psychiatric disorders. As already mentioned, stressful life events are
associated to the development of PTSD and anxiety disorders (McEwen, 1998; Pratchett &
Yehuda, 2011; Stroud, 2020). The exposure to repeated, chronic, or traumatic stress causes
structural and functional alterations in the brain and in the stress reactivity. Thereby putting
the brain and the individual in a state of vulnerability to develop psychiatric disorders, such
as PTSD, when again being exposed to an aversive event (Arborelius et al., 1999; Stroud,
2020). However, these inferences rely mostly on epidemiological and correlational studies.
Hence, drawing a causal relationship between life events and the etiology of psychiatric dis-

orders is difficult in humans. An approach to experimentally investigate the effect of stress on
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the pathogenesis of psychiatric disorders is to examine the effect of prior stress exposure on
aversive learning experiences (i.e., threat conditioning). The results of stress effects on threat
conditioning suggest that stress, when placed prior to the acquisition of threat conditioning
paradigm, strengthens the consolidation of threat conditioning, which is evident in impaired
extinction and spontaneous recovery. Importantly, stress alters the structure and activity of
brain regions (i.e., amygdala, hippocampus, PFC) crucial for threat conditioning (Joéls &
Baram, 2009; Joéls et al., 2011; Leuner & Shors, 2013; McEwen & Morrison, 2013; Vyas et
al., 2002) and thereby leading to changes in learning even if the initial stress response worn
off. It is, however, noteworthy to point out that animal and human stress-induction studies
greatly differ in the timing of stress exposure: for animal models, the stressor is placed at
least one to ten days before the actual learning phase (Chauveau et al., 2012; Maren &
Holmes, 2016). In contrast, human studies mainly applied the stressor minutes before or after
the actual learning phase. Thus, only animal studies so far are capable of experimentally in-
vestigating the effect of prior stressful experiences on an aversive learning event due to the

temporal distance between the stress exposure and the aversive experience.

Therefore, the aim of this thesis is to fill this missing link by experimentally investigating
the effect of distal stress exposure on threat conditioning in humans. The studies of this thesis
are part of a project of a transregional collaborative research center (i.e., SFB-TRR 58 Fear,
Anxiety, Anxiety disorders), which allows for a close collaboration with the rodent working
group around Dr. Maren D. Lange and Dominik Fiedler of the Institute for Physiology I, Uni-
versity Muenster, Germany. For this purpose, the temporal distance between stress induction
and threat conditioning paradigm was manipulated in accordance with and following rodent
studies in two successive studies. In both studies, the SECPT (Schwabe et al., 2008) was used
as stress induction protocol. Only male participants were included in all studies of this disser-
tation to circumvent the possible influence of gender and sex hormones on the stress response
and on threat conditioning (Merz & Wolf, 2017; Stockhorst & Antov, 2016). After the study-
specific temporal distance, the 3-Day differential threat conditioning paradigm was conducted.
Briefly, participants underwent a threat acquisition phase, an extinction learning phase 24 h
later, and a re-extinction phase 14 Days later. The general hypotheses of this thesis were that
distally stressed participants exhibited on the one hand impaired extinction learning and/or on
the other hand causes spontaneous recovery, evident in sustained CS+/CS- differentiation dur-

ing extinction learning and an increase in discrimination from the end of extinction learning to
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the beginning of re-extinction, respectively. The results would not only fill an important miss-
ing link between animal and human translation, but further would provide an important step in
understanding the role of prior stressful experiences on the development of PTSD and anxiety

disorders.
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2 Study 1: First evidence for distal-stress effect on safety and ex-

tinction learning

This study has been published in Neurobiology of Learning & Memory (Klinke, Fiedler,
Lange, & Andreatta, 2020).

2.1 Introduction

Stress constitutes a major risk factor for the pathogenesis of PTSD and anxiety disorders
(McLaughlin, 2020; Pratchett & Yehuda, 2011). A feasible approach to experimentally inves-
tigate stress as potential risk factor for the etiology of these disorders is the examination of the
effect of stress exposure on threat conditioning, as it is suggested that stress sensitizes the brain
and makes it more vulnerable for later aversive experiences (Stroud, 2020). There is evidence
from studies in animals and humans, which found that pharmacologically manipulating medi-
ators of the stress response (i.e., NA or GC) prior to threat conditioning either facilitated threat
acquisition, impaired extinction learning, or enhanced the return of fear (Bush et al., 2010;
Cornelisse et al., 2014; Roozendaal et al., 2006; Schiff et al., 2017; Soeter & Kindt, 2011).
Moreover, these results were complemented by work again in rodents and humans investigat-
ing the effect of pre-acquisition stress induction on threat conditioning. For instance, Chauveau
et al. (2012) demonstrated in mice that acute 2 h restraint stress 10 days prior to threat condi-
tioning impaired extinction learning and facilitated spontaneous recovery 24 h later. In humans,
a psychosocial stressor placed 60 min prior to threat conditioning augmented the CS+/CS- dif-
ferentiation during threat acquisition and extinction learning (Jackson et al., 2006). Addition-
ally, acute stress, induced via SECPT, directly prior to threat conditioning facilitated condi-
tioned responses to the CS+ during acquisition and caused a return of CS+/CS- differentiation
during re-extinction (Riggenbach et al., 2019). When comparing stress-induction studies be-
tween rodent and human studies, it becomes apparent that the timing of stress exposure greatly
differs. In animal models the stressors are placed at least one to ten days prior to threat condi-
tioning (Chauveau et al., 2012; Maren & Holmes, 2016) and therefore, are capable of experi-
mentally investigating the effect of prior stressful experiences on an aversive learning event
due to the temporal distance between the stress exposure and the aversive experience. Thus far
however and to our knowledge, there is no experimental investigation of the effect of distal
stress induction on threat conditioning in humans as stress induction is applied minutes before

the actual learning phase in these studies. Hence, the aim of this study was to experimentally
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investigate the effect of distal stress induction on a differential threat conditioning paradigm in
humans. For this and in accordance with the rodent study by Chauveau et al. (2012), acute
stress induction was placed 10 days prior to the 3-Day differential threat conditioning para-
digm. It was hypothesized — in parallel to the animal findings — that stressed participants
demonstrated impaired extinction learning and facilitated spontaneous recovery in comparison
to a sham control group. It was also presumed that stress induction via SECPT (Schwabe et al.,

2008) causes an increase in cortisol levels 30 min post exposure.

Moreover, it was further assessed whether context associations and processing could in-
fluence the effect of stress on threat conditioning. As stated earlier, the hippocampus is an
important brain region for the processing of contextual representations and learning (Bulkin et
al., 2016; Rudy, 2009; Smith & Bulkin, 2014). Stress significantly alters the function and struc-
ture of the hippocampus (Leuner & Shors, 2013), and thus suggesting shifts in contextual pro-
cessing. Therefore, the contexts for stress and threat conditioning were modified in two stress
groups: one stress group underwent stress exposure in the same context (i.e., laboratory) as the
threat conditioning paradigm, whereas for another stress group the context changed between

stress induction and the remaining learning paradigm.

2.2 Methods

In the course of this study, Tina Honinger and Michael Roth wrote their master theses

under the supervision of PD Dr. Marta Andreatta and me.

2.2.1 Participants

Participant recruitment was conducted via means of advertisement on online bulletin
boards, flyer distribution at the University of Wuerzburg and online portals. Before the start of
the experiment, participants were screened via phone interview regarding the following exclu-
sion criteria: Not more than 15 glasses of alcohol per week, not more than 20 cigarettes per
day, more than 10 hours of sport a week, consumption of illegal/psychoactive drugs, regular
intake of prescription medication. Furthermore, participants were excluded who suffered from
chronic pain, psychiatric or neurological disorders as well as physical illnesses (amongst others
cardiovascular, autoimmune, and endocrinological diseases). Importantly, because some of the
participants had to hand immersion into ice-cold water during the stress protocol, they were
excluded if they had neurodermatitis or Raynaud's syndrome. If psychology students, partici-

pants were only included if they were not further than their second semester of theirs studies
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due to advanced knowledge and therefore possible confounding factors. Notably, only male
participants were included in this study to circumvent possible gender differences and hence,

minimize the complexity of the study design.

In total, 87 participants were recruited of which 19 had to be excluded: The reasons for
exclusion were drop out (n = 13), technical problems (n = 1), missing cortisol levels (n = 1),
non-responder regarding startle responses (n = 3; see section 2.2.4), and too few startle re-
sponses to aggregate a mean response for either acquisition, extinction, or re-extinction phase
(n = 1; also see section 2.2.4 for details). The final sample consisted of 68 healthy male partic-
ipants (M = 24.99 years, SD = 4.35), who were randomly allocated to one of the three experi-
mental groups (for sample characteristics see Table 2). For the analyses of manipulation check
(i.e., cortisol level) and skin conductance response additional participants had to be excluded.
For manipulation check, further 11 participants had to be excluded due to excessive high cor-
tisol values (> 80 nmol/l). Regarding analyses for skin conductance responses, additional 5
participants were excluded because they were classified as non-responder (again see section
2.2.4 for definition). It has to be noted that because of the dropout rate before re-extinction
phase, sample size was reduced for the memory recall test and re-extinction analyses for all
measures. Due to general small sample sizes per group, participants who only missed the re-
extinction phase were still considered for the analyses of stress, acquisition, and extinction day,

resulting in different sample sizes for the different phases of the experiment (see Figure 1).

2.2.2 Material
Unconditioned stimulus (US)

Mildly painful electric stimuli (50 Hz, 200 ms) to the dominant inner forearm were ap-
plied to the participants by two electrodes. They were generated by a constant current stimula-
tor (Digitimer DS7A, Digitimer Ltd., Welwyn Garden City, UK) and delivered by the software
Presentation (Version 1.20.0601, Neurobehavioral Systems). A standardized protocol for de-
termining the individual pain threshold was used (Andreatta et al., 2010; Ewald et al., 2014;
Genheimer, Andreatta, Asan, & Pauli, 2017). In detail, participants had to rate how painful the
electrical stimuli on a scale from 0 (“no sensation at all”’) to 10 (“very strong painful”), a 4
representing the pain threshold (i.e., “just noticeable pain”). The initial intensity was set to 0
mA and progressively adjusted by 0.5 mA. The protocol comprised two ascending and two
descending series of stimulus presentations in an alternating matter. In the ascending series,

the intensity was gradually increased until a stimulus was rated with a 4 or higher for the first
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Table 2. Sample characteristics of Study 1.
Descriptive statistics (M and SD) and group comparisons of the three groups (context-A stress,

context-A sham, context-B stress).

Context-A Context-A Context-B Comparisons
stress sham stress

N 23 23 22
age 24.96 (5.10) 25.13 (4.56) 2486 (3.34) F(2,65)<1,p=.979
aware participants' 17 14 13 Y(2)<1,p=.744
sport? 3.28 (2.15) 5.30 (2.79) 4.30(2.52) F(2,65)=3.75,p=.029 *
sec in water 164.17 (40.54) 180.00 (0.00) 173.55(30.27) F(2,65)=1.71,p=.189
US characteristics

US Intensity Day 1 1.83 (1.07) 1.38 (0.81) 1.26 (0.50)  F(2,65)=2.94, p=.060

US Intensity Day 2 2.05 (1.13) 1.40 (0.82) 1.56 (0.80)  F(2,65)=2.96,p=.059

US Rating Day 1 6.13 (1.49) 6.65 (1.23) 6.00 (1.41) F(2,65)=1.42,p=.249

US Rating Day 2 5.00 (1.21) 5.80 (1.61) 4.85(0.80) F(2,53)=2.86,p=.066
STAI Trait 39.91 (8.55) 36.78 (5.88) 38.45(5.12) F(2,65)=1.26,p=.292
BDI II 9.39 (8.26) 5.70 (4.80) 7.18 (4.64) F(2,65)=2.10,p=.131
ASI 20.43 (9.28) 15.73 (7.69) 17.24 (8.18) F(2,63)=1.84,p=.168
Life events® 1.22 (2.56) 1.35(3.46) 5.27(3.01) F(2,65)=12.90, p <.001***
SCI

Positive thinking 11.45 (2.87) 11.61 (2.93) 12.00 (1.80) F(2,62)<1,p=.775

Active coping 11.05 (2.31) 12.13 (2.32) 10.29 (2.99) F(2,61)=2.91,p=.062

Social support 12.70 (2.54) 13.32 (3.18) 11.73 (2.39) F(2,61)=1.89,p=.159

Religion 7.50 (3.55) 8.17 (3.35) 7.59(3.03) F(2,62)<1,p=.764

Alcohol 6.70 (2.43) 6.52 (2.63) 7.05(3.85) F(2,62)<1,p=.843
SPSRQ

Reward sensitivity ~ 13.05 (3.19) 11.65 (3.88) 12.05 (3.68) F(2,62)<1,p=.438

Pain sensitivity 9.80 (4.69) 10.29 (4.03) 9.4 (4.27) F(2,58)<1,p=.807

Note: Unconditioned stimulus (US), State-Trait Anxiety Inventory (STAI), Beck Depression Inventory II (BDI II),
Anxiety Sensitivity Index (ASI), Stress and Coping Inventory (SCI); Sensitivity to Punishment and Sensitivity to
Reward Questionnaire (SPSRQ); * p <.050, ** p <.010, * p <.001.

! Participant awareness was defined as a difference in US-expectancy ratings for CS+ and CS- after the threat acqui-
sition phase of > 70.

2 Due to significant group differences in hours of sports per week, we included hours of sport as covariate into anal-
yses. Only the ANCOVA contingency ratings at re-extinction returned a significant main effect of sport (F(1,56) =
9.56, p = 0.003, 15 = .15). As the covariate did not interact with the factors stimulus or group, it was therefore not
further included into analyses (for detailed covariate analyses see Annex section 7.1.1)

3 Since the groups differed regarding the number of life events and the covariate interacted with the factor of stimu-
lus, this variable will be added as covariate to the analyses of manipulation check and threat conditioning.

time. In the descending series, the intensity was decreased until the first rating of under 4. After
each ascending and descending series, the intensity was again increased or decreased before
starting the subsequent series, respectively. Afterwards, the individual pain threshold was cal-
culated by aggregating the mean of the first (ascending series) or last (descending series) in-
tensities rated as > 4 from the four series. To avoid habituation, the mean was then increased
by 50%. For ethical reasons, it was ensured that the individual pain threshold was tolerable.

Since the pain threshold was determined on the first day of the experiment, but primary use of
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the US was 10 Days later during the threat achi- Table 3. Samp/e sizes per dependent meas-

ure for statistical analyses

Sample sizes for analyses of the stress, ac-

quisition and extinction day. Due to drop-out

after extinction day, the sample sizes for

pain threshold was again presented prior to threat ~ analyses of the memory recall test and re-
extinction day (in parentheses) are de-

acquisition. If the stimulus was rated as <4, the creased.

sition phase and a further habituation could have

taken place, the electrical stimulus with the initial

. . . L . Dependent measure N
intensity was again stepwise increased until the . .
Manipulation check 57 (48)
stimulus was rated as > 4 and the adjusted pain Subjective ratings 68 (60)
threshold was then used for the threat acquisition Startle response 68 (60)
Skin conductance response 63 (57)

phase. On average the US intensity over all
groups was 1.49 mA (SD = 0.86) and 1.67 mA
(SD = 0.96) on Day 1 of the experiment and prior to threat acquisition, respectively and was
rated as painful on both days (stress day: M = 6.26, SD = 1.39; prior to threat acquisition: M =
5.25,8D = 1.34).

Conditioned stimuli (CS)

Four geometrical shapes (7.8 x 7.8 cm in size) with different colors (blue square, green
triangle, yellow circle, red hexagon) served as CS during the experiment. For each participant,
two of the shapes were selected and presented for 8 s on a black computer screen at a distance

of 60 cm. The selection of the shapes was counterbalanced across participants.
Startle probe

To initiate the startle response, a burst of white noise (103 dB) was presented binaurally

for 50 ms over headphones.
Questionnaires

During the experiment participants had to complete a battery of questionnaires. The bat-
tery comprised a demographic questionnaire containing the age, gender, education, handed-
ness, and hours of sports per week. Moreover, the German versions of several questionnaires
are filled out. To measure depression, the Beck Depression Inventory (BDI II; Hautzinger,
Keller, & Kiihner, 20006) is collected. The questionnaire consists of 21 items ranging from zero
to three in steps of one which check for the presence of depressive symptoms (e.g., depressive
mood, sleep disturbances, suicidality). The sum score represents the quality of depression. Fur-
thermore, the trait questionnaire of the State-Trait Anxiety Inventory (STAI; Laux, Glanzmann,
Schaffner, & Spielberger, 1981), which assess cross-situational general anxiety as personality

trait, is filled out. It comprises 20 items on a 4-point Likert scale ranging from one (“almost
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never”) to four (“almost always”) and results in a sum score of all items. The Anxiety Sensi-
tivity Index (ASI; Reiss, Peterson, Gursky, & McNally, 1986) assesses ones’ negative impli-
cations of experienced anxiety and the prediction the habit to react fearful. Sixteen items on a
5-point Likert scale ranging from zero (“very few”) to four (“very much”) are aggregated to a
sum score. Stressful life events are evaluated via events a modified version of the life events’
calendar (Caspi et al., 1996) as it was already used in the study by Scharfenort et al. (2016).
The questionnaire consists of 27 items listing several potential stressful situations (e.g., termi-
nation of pregnancy, loss of employment, victim of sexual or physical maltreatment or abuse).
For each item, participants can report the age at which this situation happened up to three times.
Furthermore, one has to rate on a scale whether the situation was experienced as positive, neu-
tral, or negative. Afterwards a score is aggregated with the sum of stressful situations, which
were experienced as negative. The Stress- and Coping Inventory (SCI; Satow, 2012) comprises
20 items, which are presented on a 4-point Likert scale from one (“not at all correct”) to four
(“fully correct”). The items can be summarized via sum scores to five different dimensions of
stress-coping strategies. Namely, positive thinking, active coping, social support, support
through religion, and alcohol consumption. The Sensitivity to Punishment and Sensitivity to
Reward Questionnaire (SPSRQ); Torrubia, Avila, Molto, & Caseras, 2001) is an instrument
which asses reinforcement according to Gray’s model of Behavioral Inhibition System/Behav-
ioral Activation System (BIS/BAS; Gray, 1981). It contains 48 dichotomous items (yes/no),
which can be subdivided into the two subscales sensitivity to reward and sensitivity to punish-
ment. Completion of the battery took place between the end of stress induction and the second
saliva sampling 30 min later. Additionally, the state version of the STAI (Laux et al., 1981)
and the Positive and Negative Affect Schedule (PANAS; Krohne, Egloff, Kohlmann, &
Tausch, 1996) were filled out twice during each day of the experiment: on Day 1, 30 min after
stress induction and at the end of the experimental day. On the day of threat acquisition, ex-
tinction and re-extinction at the beginning and the end of each experimental day. As the trait
version, the State version of the STAI contains 20 items on a 4-point Likert scale and a sum
score is calculated. The PANAS measures the participants’ mood and consists of 20 items on
a 5-point Likert scale from one (“very slightly or not at all”) to five (“extremely”), which are

comprised to a sum score for positive and negative mood each.

2.2.3 Procedure

The experiment comprised four parts, which were conducted on four separate days. The

second day occurred 10 days after Day 1. The third day was on the subsequent day, while the
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fourth day took place 14 days after Day 3 (see Figure 1). All participants were tested in the
afternoon (between 12.00 h and 18.00 h) and all appointments happened during the exact same
time point of the day. During the whole experiment, participants sat at a desk approximately

60 cm in front of a 19-inch computer screen.

As stress-induction protocol, the SECPT was used (Schwabe et al., 2008). In detail, par-
ticipants had to immerse their non-dominant hand into ice-cold water (approx. 1.5 °C) for a
maximal duration of 3 min. During the hand immersion, the experimenter — wearing a lab coat
— observed the participant with a stern look and took notes of the behavior of the participant.
Next to the experimenter, a camera was directed to the participant. It was told that during the
protocol the participant is video recorded to analyze the emotional expressions of the partici-
pants to a later time point. However, no video-recording occurred. After completion of the 3
min, the participant was told to take out their hand. If it was not tolerable to keep the hand in
the cold water for 3 min, the participants could remove their hand earlier. The sham control
condition was similar to the stress protocol except that the water was lukewarm (approx. 27
°C), there was no observation by the experimenter, and the camera was clearly turned away

from the participant.

Before the start of the experiment, participants were randomly allocated to one of the
three groups: A stress group (context-A stress) or a sham group (context-A sham) where the
first day (i.e., the stress day) took place in the same context (i.e., laboratory) as the following
experimental days of the threat conditioning paradigm. The third group (context-B stress) also
underwent the stress protocol, but in a different laboratory than the laboratory of the threat
conditioning paradigm. The laboratories were in the same building. However, the contexts dif-

fered in regard to the furniture, level and access site of the building.

On Day 1 of the experiment, participants first received an information about the proce-
dure of the experiment and gave their written consent. Afterwards the first baseline cortisol
sampling occurred and was followed by either the stress or the sham protocol, depending on
group allocation. In the following 30 min, participants completed the questionnaire battery de-
scribed in section 0 followed by the state questionnaires (i.e., PANAS: Krohne et al., 1996;
STAI State: Laux et al., 1981). If participants were not able to fill in all the questionnaires

within the 30 min, they were asked to stop the filling-in and complete the state questionnaires



62

ing

learni

ion

inct

t evidence for distal-stress effect on safety and exti

Firs

2. Study 1

(0202) "1e 10 axuIy woly payipoly “aseyd Buluies| yoes Jaye painseaw Ajuo aiam sS9 sy} Joj sbunel Aousbunuo)

‘painseaw aJam (sbBuljel Jea) pue ‘|esnole ‘@ousjen) sSO ay} splemoy sbuiel aseyd Bulules| yoes Jaje pue alojog "pajoelixe alom sajdwes oS00 (uonounxa
-aJ pue ‘Buluies| uonounxa ‘uonisinboe Jeay “a'1) saseyd |eluswiiadxa ayj Jo pus ay} pue Buiuuibaq ay} je ‘Ajjleuoiippy "UORONPUI SSaJ)S Jaye ulw Qg pue Aep
ssaJjs ay} Jo Buiuuibaq ay) 1e pa1oa||0o alam sajduwes [0s100 Alealjes "Buiuies| uojounxa o) [eonuapl sem (Bulules| uoiounxe Jaye sAeq 1) aseyd uonounxa
-2J 9y} Jo ainpadoud 8y -uoIssiwo SN yum ing aseyd uonisinboe ayy 0} |eoiuapl sem yoiym ‘eoejd oo} Buluies| uopounxe ‘iaje| sinoy Jnoj-AjJuam| ‘SN 8y}
yym padied Jansu sem — sawil} 9| pajussald osje — (-g9) adeys Jaylo ay} sealaym (%001 :Aousbunuod SN-SO SN) sninwils [eouoale syl yim padied shkemje
Sem pue sawi} 9] umoys sem (+S9) adeys auo ‘eseyd uonisinboe jealy) ay) u| "9o1m] pajuasald alem sadeys |eoudwoab omy ‘uoneniiqey Buung -eseyd
uolnisinboe Jea} pue uonenligey e Juamiapun sjuedioiled ‘usie] sAeq 01 (010Z e 1@ eyealpuy 9as s|ielap Joy) |000jo.d pjoysaly) uied e Buimojjo) paulw.ialep
Aljenpialpul sem Alisusiul-Sn 8yl spJemisyy ‘salieuuonssnb jo Aleneq e no pajjiy sjuedioied ‘uiw gg usnbesqgns sy) Buling "jooojoid |04U0D Weys e Jo
(8002 ‘|2 10 @gEemyoS ‘1 4D3S) 1se1 Jossalid-pjoo pajen|eas Ajje1oos sy} Jo Buisisuoo [000joid ssal)s e Jaylie 0] paledo|e Ajwopuel aiem sjuedioiled ‘| Aegq uo
"L ApniS Jo ainpadold °L a4nbi4

smel HuIsunuo) .« LS3Uel HOuIBunuo) . LSBUNEl OHUISUNUO)
sfupeIaeay . sBuneiaeag . sSupeIIeay sBuneiaeay .
SBUNEI [ESNOIY . SBUNLI[LSNOIY sHunel (esnoay . SBUNLI[LSNOIY
SSUNLIIUAEN » SEUNEI WAL . SOUILI ADUAEN, » EF1 1 TARERTIE |
RS R 83X 01 8T
[22030ad q 1X2)u0d m
52 ¥ 01 +82 ¥ 91 +§0%T plovsaamg) — [02030ad
50 ¥ 91 meg UM Qg ssal)g
[2a030ad ¥ Jxajuod
Burmiea| uorpsmboe J
HOIIUYXI-2Y — : — e noyEnyIqER sABp O plovsaamg) — m [od030ad
siEp p1 LTIRL T U4 jeaay — meg O EYs/sSal)s
81 10510107 L1 10510107) 0} J0S1L10)) S1 [0S0 ) [OSTRIOD) £1 10510107 71 10511107 12 1051102



2. Study 1: First evidence for distal-stress effect on safety and extinction learning 63

before the end of the 30min. This ensured that all participants completed the state question-
naires at approximately the same time. After the 30 min the second cortisol sample was col-
lected and the protocol for individual pain threshold for the electrical stimulus was carried out.

At the end of the session, the state questionnaires were filled out again.

On Day 11, the experiment started with the third cortisol sample and the completion of
the state questionnaires. Following the electrode placements, the US was presented to verify
that it was still rated with > 4, hence mildly painful. If this was not the case, the intensity was
increased by 0.5 mA until the electrical stimulus was rated with > 4. Subsequently, the head-
phones (for startle probe presentation) were put on. Next, the habituation phase started with
two presentations of the two geometrical shapes each on the screen separated by ITIs. No elec-
trical stimulus was applied. Afterwards, the CSs were rated in regard to their valence, arousal,
and fear. Due to a strong habituation to initial startle reactivity at the beginning (Blumenthal et
al., 2005), seven startle probes were presented every 7-14 s. During the acquisition phase, the
participants were instructed to focus on the geometrical shapes, to ignore the startle probes and
that they could receive electrical stimuli. However, the US-contingency was not revealed. Each
CS was presented 16 times. One shape (CS+) was always paired with the US (US-contingency
of 100%) at the offset of the stimulus, while for the other one (CS-) no US was delivered.
Furthermore, during half of the CS+ and CS- presentations startle probes were presented be-
tween 4-6 s after CS onset. During the ITI is additional eight startle probes were given. Fol-
lowing the acquisition phase, valence, arousal, and fear of the CSs were rated again. Addition-
ally, the US-expectancy for the CSs was rated and participants were asked after which shape
presentation the US followed. Subsequent to another US presentation and a US-intensity rating,

the state questionnaires were filled in and the fourth cortisol sample was taken.

The experimental parts 24 hours later on Day 12 and 14 Days later on Day 26 were iden-
tical and therefore described together: the experimental days started with cortisol sampling, the
completion of the state questionnaires, and electrode attachment. Afterwards the extinction
learning or re-extinction phase were conducted. The procedures were almost identical to the
acquisition phase: Each CS was presented 16 times, where half of the trials were paired with
startle probes randomly delivered after 4-6 s. Also, eight additional startle probes were deliv-
ered during the ITIs. Importantly, differently to the acquisition phase no CS was paired with
the US. Before and subsequent to the phase, ratings of the CS took place (i.e., valence, arousal,
and fear). Furthermore, US-expectancy ratings were collected after the learning phases. Both

experimental days ended with filling in the state questionnaires and another cortisol sample.
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After Day 26 participants were debriefed about the purpose of the study and the payment pro-

cedure was carried out.

Notably, the ITI for all phases (i.e., habituation, acquisition, extinction learning, and re-
extinction) was set between 18-22 s. Also, the order of CS and startle probe presentation had
the following restrictions: no more than two presentations of the same CS and no more than

two startle probe presentations in a row.

2.2.4 Dependent variables & data reduction
Manipulation check

To validate if the stress induction was successful, cortisol was repeatedly measured via
saliva samples using Salivettes (Sarstedt AG & Co., Niimbrecht, Germany). Cortisol samples
were collected at the start of the experiment on the stress day and 30 min after stress induction
took place. Additional samples were gathered at the beginning and the end of the remaining
experimental days (i.e., threat acquisition, extinction, re-extinction day; see Figure 1).
Salivettes were stored at -20 °C before being biochemically analyzed in the laboratory of Prof
Dr. Kirschbaum at the Department of Biopsychology of the TU Dresden (Germany) using im-
munoassay analysis (IBL, Hamburg, Germany). Intra- and inter-assay coefficients of variations
were 3.1 - 7.3% and 6.4 — 9.3%, respectively. As mentioned in section 2.2.1, participants with

cortisol levels > 80 nmol/l were excluded from the cortisol analyses.
Ratings

To assess the explicit and subjective level of threat conditioning, before and after each
learning phase (i.e. threat acquisition, extinction learning, re-extinction) participants had to rate
the CS regarding valence, arousal, and fear. Therefore, the geometrical shapes were presented
for 1 s on the screen. Afterwards a VAS appeared. By pressing the corresponding button on the
keyboard, participants could rate the shapes from one (meaning “negative, “calm”, and “no
fear” for valence, arousal, and fear ratings, respectively) to nine (“positive”, ’intense”, ’strong
fear”). Furthermore, after each learning phase participants were asked to rate the US-expec-
tancy ratings for the geometrical shapes shown. They were asked “how likely was it that the

presented geometrical shape was paired with the electrical stimulus”. The VAS ranged from

zero (“no association”) to 100 (“perfect association”) in steps of ten.
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Psychophysiological measures

As psychophysiological measures for the threat conditioning paradigm, startle responses
and SCRs were quantified. Physiological data were continuously recorded with a V-Amp 16
amplifier and the software Vision Recorder (Version 1.03.0004, Brain Products Inc., Munich
Germany). An online notch-filter of 50 Hz as well as a sampling rate of 1000 Hz were applied.
Brain Vision Analyzer software (Version 2.0, Brain Products Inc., Munich German) was used

for offline analyses.

Startle responses were measured through electromyographic activity of the M. orbicu-
laris oculi. Two 5 mm Ag/AgCl electrodes filled with high-conductivity electrode gel
(Signacreme, Parker Laboratories Inc, Fairfield, USA) were attached below the left eye (for
guidelines see Blumenthal et al., 2005). One electrode directly under the pupil and the other
one approximately 1-2 cm next to it on the lateral side. Before electrode attachment, the skin
was rubbed with a cotton swab and peeling (Skin Pure Nihon Kohden, Gurgaon, India) and
subsequently disinfected with alcohol (Softasept N, 74 % ethanol, B.Braun Melsungen AG,
Melsungen, Germany). The aim was to reduce the impedance between skin and electrode gel
< 10 kOhm. Electrodes were further fixated by using Leukosilk tape (Leukosilk, BSN medical
GmbH, Hamburg, Germany). The offline analyses of the startle responses comprised several
steps. First, a 28 Hz low-cutoff and a 400 Hz high-cutoff filter were applied. Then the data
were rectified and a moving average of 50 ms was used. Afterwards the data were segmented
into sections, which started 50 ms before and ended 8s after startle probe onset, and baseline-
corrected (50 ms before stimulus onset). Every segment was then manually checked for exces-
sive baseline shifts (< 5 uV) and trials, which showed higher deviations, were excluded. The
startle amplitude was defined as the peak between 20 ms and 150 ms after probe onset. After
preprocessing of the data, a mean raw startle response was aggregated over all trials of all
stimuli and all phases for detecting non-responders. Participants were defined as non-responder
and excluded from analyses, if the mean raw startle response was < 5 uV. For statistical anal-
yses, the raw startle responses were within-subject transformed to T-scores. Notably, T-trans-
formation was conducted for each experimental day separately, due to intraindividual varia-
tions in physiological measures. In total, the number of trials per learning phase were 8 startle
trials for CS+, CS-, and ITI. For each phase, the mean of each stimulus was calculated with the
restriction that a minimum of two responses must be available for aggregation. For memory
recall analysis, means of the last two and the first two trials of extinction learning and re-ex-

tinction were calculated, respectively. Here, additional participants were excluded when no
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startle responses were available for averaging for either the trials of extinction learning or re-

extinction.

SCR were measured through EDA. Therefore, two 8 mm Ag/AgCl electrodes were filled
with EDA-paste (TD-246 0.5 % NaCl, PAR Medizin-technik GmbH) and attached on the the-
nar and on the hypothenar of the non-dominant hand. As skin preparation, participants were
told to wash their hands with lukewarm water before the experimental session without using
soap. Offline analyses for the SCR contained a 1 Hz high-cutoff filter. A SCR of a stimulus
was scored as the difference between foot and first following peak of the initial EDA increase
(for guidelines see Boucsein et al., 2012). The foot had to occur within 800 ms and 4000 ms
and the peak was defined as the first deflection after the foot, respectively. Scoring was adjusted
manually. Responses were defined as null-response if the amplitude of the SCR was < 0.02 uS
and therefore scored as zero. Participants were excluded as non-responder if the mean raw SCR
over all trials of all stimulus and all phases was < 0.02 uS. To push the data towards a normal
distribution, all responses were log10 transformed. Only the trials without startle probe presen-
tation were considered for SCR analyses, providing a total of eight trials per stimulus and per
phase for SCR analyses. As for the startle response, means were aggregated over all eight trials
per stimulus and per phase. Also, for memory recall analysis means of the last two trials of

extinction learning and the first two trials of re-extinction were calculated.

2.2.5 Statistical analysis

Statistical analyses were conducted with R 3.5.1 (R Core Team, 2018), the afex package
(Singmann, Bolker, Westfall, & Aust, 2019) for analyses of variance (ANOVA) with type 3
sum of squares, and the emmeans package (Lenth, 2018) for post-hoc simple contrast analyses.
If sphericity assumption was violated, Greenhouse-Geisser correction of degrees of freedom
was applied. The significance level was p < .050 for all statistical tests, partial n? was reported
as effect size, and Bonferroni correction was applied for post-hoc contrasts. As the groups dis-
played significant differences in their number of life events, this will be added to manipulation
check and threat conditioning statistical analyses as covariate. The initially planned ANOVAs

are reported in the Annex (see section 7.1.2)

Successful stress manipulation (i.e. increased HPA-axis activation after stress) was ana-
lyzed with a repeated-measures analyses of covariance (ANCOVA) for the cortisol level on the
day of stress induction with factor group (context-A stress, context-A sham, context-B stress)

and factor phase (before stress induction, 30 min after stress induction) as between-subjects
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and within-subject factors, respectively. To monitor the trajectory course of the cortisol levels
during the remainder of the experiment, repeated-measures ANCOV As with between-subjects
factor group (same as aforementioned analysis), within-subject factor phase (beginning of ex-
perimental day, end of experimental day) were carried out for acquisition, extinction and re-

extinction day separately.

Regarding threat conditioning results, separate ANCOVAs were calculated for each
phase (i.e., acquisition, extinction, re-extinction phase). For all phases, repeated-measures AN-
COVAs for startle responses, SCR, and ratings (valence, arousal, fear, and US-expectancy rat-
ings) comprised the between-subjects factor group (context-A stress, context-A sham, context-
B stress) and the within-subject factor stimulus (CS+, CS-). Analyses for valence, arousal, and

fear ratings additionally comprised the within-subject factor phase (pre, post) for all phases.

To examine the memory recall, further repeated-measures ANCOVAs were carried out
with factor group as between-subjects factor and factor stimulus (see above) and phase (for
startle responses and SCR: mean over last two trials of extinction, mean over first two trials of
re-extinction; for valence, arousal, and fear ratings: ratings after extinction, ratings before re-

extinction) as within-subject factors.

Additional exploratory analyses were conducted. First, it was checked for psychophysi-
ological measures (i.e., startle response and SCR) whether the cortisol increase for each group
(i.e., context-A stress, context-A sham, context-B stress) during stress induction on the stress
day modulated threat acquisition, extinction learning, and memory recall. Therefore, several
Pearson’s product-moment correlations were calculated separately for each group: The in-
crease in cortisol from baseline to 30 min after stress induction was correlated with the mean
conditioned response for each CS (i.e., CS+ and CS-; for startle: mean ITI startle response
subtracted, T-scores) during the acquisition phase. In addition, the cortisol increase index was
correlated with the mean conditioned response for each CS during extinction learning and with
the mean over the first two trials of re-extinction for each CS. Second, for each learning phase
separately an exploratory one-factorial ANOVA with the between-subjects factor group (con-
text-A stress, context-A sham, context-B stress) was conducted for the mean raw startle re-
sponse over the seven habituation startle probes. Startle potentiation during habituation at the
beginning of each phase could be interpreted as enhanced startle reactivity to the context.
Hence, these analyses enable to investigate if the stress exposure is associated to the context
and in this way exerts its effects during threat acquisition and extinction. Last, another explor-

atory one-factorial ANOVA with the between-subjects factor group (context-A stress, context-
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A sham, context-B stress) was calculated for the SCRs to the US during acquisition. Therefore,
the mean SCR of the US for the CS+ trials without startle probe presentation was aggregated.
Since the US was individually determined during cortisol peak after stress induction, stress
might have influenced the reactivity towards the US and thereby could have influenced threat

acquisition and extinction. This is supposed to be assessed with the exploratory ANOVA.

To track the fluctuations of state anxiety (Laux et al., 1981) and the positive as well as
the negative mood (Krohne et al., 1996) during the experiment, repeated-measures ANOVAs
were calculated. Deviating from previously mentioned analyses, the analyses of state question-
naires was not performed separately for each experimental day but combined to better examine
the trajectory of state emotionality and a possible effect of the context on the mood. ANOVAs
comprised the between-subjects factor groups (context-A stress, context-A sham, context-B
stress), the within-subject factor phase — which varied across the experimental session — and
day (stress day, threat acquisition day, extinction learning day, re-extinction day). For the stress
day, the within-subject factor phase comprised the levels 30 min after stress induction and the
end of the experiment. For all the remaining days (i.e., threat acquisition, extinction learning,
re-extinction) the factor levels of phase were the beginning and the end of the experimental
day. Note here that due to drop out and consequent differences in sample sizes per experimental
day, only participants who completed all four experimental days (i.e., stress day, threat acqui-

sition, extinction learning, and re-extinction) were included into state questionnaire analyses.

2.3 Results

2.3.1 Manipulation check

The 2 (phase) x 3 (group) repeated-measures ANCOVA for the cortisol level on the day
of stress induction returned a significant main effect of phase (#(1, 53) = 10.63, p =.002, n; =
.17), no main effect of group (¥(2, 53) = 1.31, p = .279, rhz, =.05), and a significant interaction
Phase x Group (F(2, 53) = 6.23, p = .004, rhz, =.19). Post-hoc simple contrasts (Bonferroni
corrected a <.017) revealed an increase from baseline to 30 min after stress induction for both
stress groups (context-A stress: F(1, 53) = 13.61, p <.001, n; = .20; context-B stress: F(1, 53)
=7.01, p=.011, n; = .12), but not for the sham group (F(1, 53) <0, p = .524, nj < .01; see
Figure 2 left panel).

To check for the further trajectory of the cortisol levels during the remaining experiment

the 2 (phase) x 3 (group) repeated-measures ANCOVAs revealed no significant main effects
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of phase, group, nor their interactions for the threat acquisition (all p-values > .473) and the
extinction learning (all p-values > .372). For the re-extinction day, the ANCOVA returned a
significant main effect of phase (F(1, 44) = 7.37, p = .009, 7712, =.14), indicating a decrease in
cortisol level for all groups from the beginning to the end of the experimental phase(see Figure
2). Furthermore, no further effect involving the factor group turned out significant for the re-
extinction day (both p-values > .206). No effect involving the covariate was significant for
threat acquisition (all p-values > .468), extinction learning (all p-values > .303), and re-extinc-

tion (all p-values > .957).

Taken together, both stress groups showed a successful stress response to the SECPT,
while the sham group did not. In addition, all groups did not differ regarding their cortisol level

during the remainder of the experiment.
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Figure 2. Manipulation check of Study 1.

Depicted are the changes in cortisol level after either SECPT or sham protocols (blue bar) for the con-
text-A stress (dark grey lines), context-A sham (dashed lines), and context-B stress group (light grey
lines). Significant increases in cortisol levels was found after stress induction for the context-A stress
and context-B stress group, but not the sham group. Furthermore, no group differences occurred during
the remaining experiment. Error bars indicate standard errors. Bonferroni-corrected simple contrasts
*p<.05 *p<.01, *** p<.001.
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2.3.2 Threat conditioning results
Ratings

Threat acquisition. The 2 (phase) x 2 (stimulus) x 3 (groups) repeated-measures AN-
COVA for valence, arousal, and fear ratings returned significant main effects of phase (valence:
F(1, 64) =21.01, p < .001, nj = .25; arousal: F(1, 64) = 24.07, p < .001, nj = .27; fear: F(1,
64) =25.14, p <.001, r)f, = .28), no main effects of stimulus (valence: F(1, 64) <1, p = .846,
np < .01; arousal: F(1, 64) =2.88, p = .095, n; = .04; fear: F(1, 64) <1, p = .453, nj < .01),
but their interaction (valence: F(1, 64) =7.29, p =.009, 7712, =.10; arousal: F(1, 64) = 14.09, p
<.001, rhz, =.18; fear: F(1,64)=18.11, p <.001, n; =.22). Following the significant interaction
by post-hoc simple contrasts (Bonferroni corrected a <.010 for valence and arousal ratings; a
<.025 for fear ratings) revealed that while there was no difference between CS+ and CS- for
all ratings after habituation (all p-values > .475), the CS+ was rated as more unpleasant (F(1,
64)=11.61, p=.001, n; = .15), more arousing (F(1, 64) =23.21, p <.001, ny = .27), and more
fearful (F(1, 64) = 17.00, p <.001 , rhz, =.21) than the CS- (see Figure 3 A-C). In line, the 3
(groups) x 2 (stimulus) repeated-measures ANCOVA for US-expectancy ratings showed a
higher US association for the CS+ (vs. CS-), evident in a significant main effect of stimulus

(F(1,64)=119.19, p <.001, 77;% =.65; see Figure 3 D).

Furthermore, no effect involving the factor group reached significance for fear (all p-
values > .114) or US-expectancy ratings (all p-values > .319). However, the ANCOVAs for
valence and arousal ratings showed significant Stimulus x Group interactions (valence: F(2,
64) = 5.47, p = .006, n, = .15; arousal: F(2, 64) =4.57, p = .014, nn; = .13). The main effect of
group was significant for arousal ratings (F(2, 64) =3.22, p =.047, rhz) =.09). Additionally, no
further effect involving the factor group turned out significant for arousal ratings (all p-values
> .480) or valence ratings (all p-values > .390). Additional simple contrasts (as mentioned
Bonferroni corrected a < .010) suggest that averaged over both time points (before and after
acquisition) only the context-A stress group (valence: F(1, 64) = 19.11, p < .001, 7712, =.23;
arousal: F(1, 64) =21.86, p <.001, rhz, =.25), but neither the context-A sham (valence: F(1,
64) <1, p = 485, rhz, < .01; arousal: F(1, 64) = 2.16, p = .147, 77129 =.03), nor the context-B
stress group (valence: F(1, 64) <1, p =833, n; <.01; arousal: F(1, 64) =<1, p=.763, 13 <
.01) differentiated between CS+ and CS-. Nevertheless when running 3 (groups) x 2 (stimulus)

ANCOV As for both ratings only for post-acquisition ratings, analyses indicated a significant
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Figure 3. Overall ratings of Study 1.

Lines (with standard errors) depict ratings (A. Valence, B. Arousal, C. Fear, & D. US-expectancy rat-
ings) collapsed over groups for the CS+ (black lines) and CS- (gray lines). Overall threat acquisition
was successful, evident in more unpleasant, arousing and fearful ratings as well as more US-contin-
gency for CS+ (vs. CS-). During extinction learning the initial CS+/CS- differentiation diminished over
time for valence. For arousal, fear, and contingency ratings, the differentiation sustained. 14 Days later
during re-extinction, CS+ was rated as more fearful only at the beginning of the phase, not at the end.
Bonferroni-corrected simple contrasts * p < .05; ** p < .01; *** p < .001; main effect stimulus # p < .05;
## p < .01; #### p < .001. Note: Depicted effects during re-extinction day show statistical results of re-
extinction analyses, not memory recall analyses.

main effect of stimulus for arousal (F(1, 64)=11.69, p =.001, rhz) =.15), but not valence ratings
(F(1,64)=2.88, p=.095, n, = .04), indicating successful threat acquisition for arousal ratings.

However, no group differences occurred (all p-values for main effect group and Stimulus x
Group interaction for arousal > .116; for valence .100), suggesting no group differences in

CS+/CS- differentiation after acquisition phase.

For the covariate, analyses returned a significant a main effect of life events for arousal
ratings (F(1, 64) =6.75, p = .012, 7712, =.10), an interaction Stimulus x Life events for valence
(F(1,64)=9.01, p=.004, n;, = .12) and fear ratings ( F(1, 64) = 4.60, p = .036, n; = .07), and
an interaction Phase x Stimulus x Life events for fear ratings (F(1, 64) =5.74, p = .019, n, =

.08). Moreover, no further effect involving the covariate life events returned significant for all

ratings (valence: all p-values > .323; arousal: all p-values > .074; fear: all p-values >.323; US-
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expectancy: all p-values > .527). To exploratory investigate, how life events influenced threat
conditioning, the significant effects were followed by correlations between the number of life
events and the mean difference score of CS+ and CS- ratings (both averaged over pre and post
ratings) for valence and the difference score of the CSs separately for pre and post for fear
ratings. The correlation between number of life events and mean CS+/CS- difference score for
valence ratings during threat acquisition was significant (#(66) =-.25, p = .036), indicating that
a higher number of life events are associated with increased CS+/CS- differentiation during
acquisition (note: the correlation is negative because low values represent more negative rat-
ings). For fear ratings, a positive correlation was found between the number of life events and
CS+/CS- differentiation prior to ((66) = .34, p = .004) but not after threat acquisition (7(66) =
-.08, p =.534).

Taken together, analyses for the ratings indicate overall successful threat acquisition for
all ratings, as the CS+ was rated as more aversive and with higher US-expectancy in compari-
son to the CS- after the learning phase. Notably, group differences were found for valence
ratings regarding threat acquisition, where only the context-A stress group (not context-A sham

or context-B stress) displayed successful acquisition.

Extinction learning. The 2 (phase) x 2 (stimulus) x 3 (groups) repeated-measures AN-
COVAs for valence, arousal, and fear revealed no significant main effects of phase (valence:
F(1,64)=2.28, p=.136, 77;% <.03; arousal: F(1, 64) <1, p=.756, 7712, <.01; fear: F(1, 64) =
1.02, p = .315, ny; = .02), significant main effects of stimulus for arousal (¥(1, 64) = 3.23, p =
078, rhz, =.05) and fear (F(1, 64) =4.88, p = .031, n,z) =.07), but not valence ratings (F(1, 64)
=3.09, p = .083, rhz, =.05), indicating impaired overall extinction learning for arousal and fear
ratings. The interaction Phase x Stimulus was only significant for valence ratings (valence:
F(1, 64) = 5.51, p = .022, n; = .08; arousal: F(1, 64) <1, p = .638, 7712, <.01; fear: F(1, 64) =
2.02, p=.160, n,z) =.03). Again, the interaction was followed by simple contrasts (Bonferroni
corrected @ < .010) and showed that before extinction learning participants rated the CS+ as
more unpleasant than the CS- (F(1, 64) = 19.92, p < .001, rhz) = .24). After extinction, this
differentiation was no longer observable (F(1, 64) = 3.46, p = .067, n; = .05). The results of
the 3 x 2 ANCOVA for US-expectancy ratings also revealed a significant main effect of stim-
ulus (F(1, 64) =4.15, p = .046, nzz, =.06), suggesting sustained higher US-expectancy for CS+
than for CS- (see Figure 3 A-D).
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Regarding group comparisons, no effect involving the factor group returned significant
for US-expectancy ratings (all p-values > .462). For fear ratings, the interaction Phase x Group
was significant (F(1, 64) = 3.24, p = .046, n;; = .09), for which post-hoc contrasts (Bonferroni
corrected a <.017) did not reveal differences between pre and post ratings for all groups (con-
text-A stress: F(1, 64) =3.27, p =.075, nj = .05; context-A sham: F(1, 64) <1, p=.991,nj <
.01; context-B stress: F(1,64)=3.91, p=.052, rhz, =.06). No further effect involving the factor
group reached significance for fear ratings (all p-values > .108). More notably, the analyses for
valence and arousal ratings returned significant Stimulus x Group interactions (valence: F(2,
64) =521, p=.008, n; = .14; arousal: F(2, 64) = 3.79, p = .028, n; = .11), but no further effect
(valence: all p-values > .164; arousal: all p-values > .351). Post-hoc simple contrasts (Bonfer-
roni corrected a for valence <.010; for arousal <.017) showed that - averaged over both time
points of extinction - CS+ was persistently rated as more unpleasant (F(1, 64) = 22.22, p <

.001, n3 = .26) and arousing (F(1, 64) = 16.26, p < .001, nj; = .20) for the context-A stress
group, but not for the context-A sham (valence: F(1, 64)=<1, p=.551, 77;% <.01; arousal: F(1,
64)=1.06, p=.307, rhz, =.02) or the context-B stress group (valence: F(1, 64) =<1, p =.389,
77129 =.01; arousal: F(1, 64) <1, p=.894, rhz, <.01; see Figure 4).

Regarding the covariate, only for valence ratings the interaction Phase x Life events was
significant (F(1, 64) = 5.12, p = .027, n; = .07), whereas all other effects and all effects for the
other ratings involving the covariate were not significant (valence: all p-values > .118; arousal:
all p-values > .106; fear: all p-values > .081; US-expectancy: all p-values > .998). Again, an
exploratory correlational analysis between the number of life events and the difference score
between CS+ and CS- (averaged over pore and post ratings) during extinction learning was

conducted for valence ratings. Results display no significant association (#(66) =-.12, p=.313).

In sum, overall extinction learning was successful for valence ratings, evident in dimin-
ished CS+/CS- differentiation after extinction. For arousal, fear, and US-expectancy ratings a
lasting differentiation was found. Interestingly, groups differed regarding extinction learning
in valence and arousal ratings. Only the context-A sham and the context-B stress group showed
successful extinction learning, whereas the context-A stress group displayed impaired extinc-

tion learning (i.e., more negative ratings for CS+ in comparison to CS-).

Memory recall. The 2 (phase) x 2 (stimulus) x 3 (groups) repeated-measures ANCOVAs
returned no significant main effects of phase (valence: F(1, 56) = < 1, p = .383, n, = .01;

arousal: F(1, 56) = < 1, p = .756, nj < .01; fear: F(1, 56) = < 1, p = .722, n3 < .01), but
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significant main effects of stimulus only for fear ratings (valence: F(1, 56) <1, p = .480, rhz, <
.01; arousal: F(1, 56) = 3.23, p = .078, n,; = .05, fear: F(1, 56) = 6.74, p = .012, n; = .11) The
interaction Phase x Stimulus also did not reach significance for all ratings (valence: F(1, 56) <
1, p=.543, 77;% <.01; arousal: F(1,56) <1, p=.638, 7712, <.01; fear: F(1,56)=1.69, p=.199,
np =.03).

Interestingly, groups differed in regards to their memory recall only for valence ratings,

as the interaction Stimulus x Group was found (valence: F(2, 56) = 6.40, p = .003, n,, = .19;
arousal: F(2,56)=2.96, p =.060, nf, =.10; fear: F(2, 56) = 1.70, p = .192, 5, = .06). Following
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Figure 4. Valence and arousal ratings of Study 1 divided by groups.

Lines (with standard errors) depict valence (left column) and arousal ratings (right column) for the CS+
(black lines) and CS- (gray lines) divided by groups (context-A stress group: A & D; context-A sham
group: B & E; context-B stress group: C & F). Context-a stress group (but not context-A sham or context-
B stress group) showed impaired extinction learning in both, valence and arousal ratings, evident in
sustained CS+/CS- differentiation. Noteworthy, this differentiation persisted on the one hand at memory
recall test and after re-extinction phase for the context-A stress group in valence ratings, but not arousal
ratings. This suggests successful threat memory recall 14 Days after extinction learning and impaired
re-extinction. Bonferroni-corrected simple contrast CS+ vs. CS- averaged over whole phase * p < .05;
**p<.01; *** p<.001.
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the significant interaction with simple contrasts (Bonferroni corrected a < .017) for valence
ratings showed that the context-A stress group showed persistent discrimination between CS+
and CS- across both time points (F(1, 56) = 18.95, p <.001, r)f, =.25), but not context-A sham
(F(1,56) < 1, p =568, n;; <.01) or context-B stress group (F(1, 56) <1, p = .552, nj <.01).
Moreover, no further effect involving the factor group turned out significant for all ratings

(valence: all p-values > .147; arousal: all p-values > .274; fear: all p-values > .183).

No effect involving the covariate number of life events was significant for any rating

(valence: all p-values > .076; arousal: all p-values > .050; fear: all p-values > .167).

Taken together, results for the memory recall show overall successful extinction recall
for valence and arousal ratings, meaning that CS+/CS- discrimination was absent at the begin-
ning of re-extinction. The impaired extinction learning in fear ratings (see analysis of extinction
learning above) persisted 14 Days later at memory recall test, as CS+ (vs. CS-) was still rated
as more fearful. Notably, only the context-A stress group, who already demonstrated impaired
extinction learning, showed sustained CS+/CS- differentiation in valence ratings at memory

recall test. This was not the case for the context-A sham or context-B stress group.

Re-extinction. Results of the 2 (phase) x 2 (stimulus) x 3 (groups) ANCOVA indicated
no significant main effects of phase (valence: F(1, 56) <1, p=.873, 7712, <.01; arousal: F(1, 56)
<l1,p=.451, 77129 =.01; fear: F(1, 56) <1, p =.831, nzz, <.01) or stimulus (valence: F(1, 56) <
1, p = 470, nj < .01; arousal: F(1, 56) =2.92, p = .093, n; = .05; fear: F(1, 56) = 2.90, p =
.094, 77;% = .05) for all ratings. The interaction Phase x Stimulus reached significance only for
fear ratings (fear: F(1, 56) = 8.75, p = .005, n;; = .14; valence: F(1, 56) <1, p = .591, 77;% <.01;
arousal: F(1,56) <1, p=.496, rhz, <.01). The subsequent post-hoc contrasts for this interaction
(Bonferroni corrected a < .025) indicated that at memory recall the CS+ (vs. CS-) was rated as
more fearful (F(1, 56) = 19.04, p <.001, rhz) =.25). After re-extinction, the CS+/CS- differen-
tiation diminished (F(1, 56) < 1, p = .354, n; = .02). In regards to US-expectancy ratings,
analysis returned no significant main effect of stimulus (F#(1, 56) = 3.39, p = .071, 7712, =.00),

indicating successful re-extinction.

Notably, analysis for valence ratings again showed a significant Stimulus x Group inter-

action (F(2, 56) =4.37, p=.017, 7712, =.13). This was not found for arousal (¥(2, 56) =2.96, p
=.060, nzz, =.10) or fear ratings (F(2, 56) = 1.26, p = .290, r)f, =.04). Additionally, no further
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effects involving the factor group were found for all four measures (valence: all p-values >
.119; arousal: all p-values > .225; fear: all p-values > .172; US-expectancy: all p-values > .116).
Post-hoc contrasts for the Stimulus x Group interaction for valence ratings (Bonferroni cor-
rected a <.017) again indicated that only the context-A stress group showed lasting CS+/CS-

differentiation averaged over both time points at re-extinction (£(1, 56) = 15.30, p <.001, 7712,
=.21), but not context-A sham (F(1, 56) <1, p =.834, 77129 <.01) or context-B stress group (£(1,
56) <1, p=.403,n5 =.01).

Additionally, no effect involving the covariate was significant (valence: all p-values >

.072; arousal: all p-values >.161; fear: all p-values > .296; US-expectancy: all p-values > .124).

Taken together, results for the re-extinction phase indicated that the overall successful
threat memory recall (as mentioned above) for fear ratings diminished during re-extinction. For
valence, arousal, and US-expectancy ratings, there was an overall successful re-extinction, as
no CS+/CS- differentiation was found. However, the context-A stress group again showed per-

sistent CS+/CS- differentiation in valence ratings during re-extinction.
Startle response

Threat acquisition. The 2 (stimulus) x 3 (group) repeated-measures ANCOVA for the
startle response revealed a significant main effect of stimulus (F(1, 64) = 12.51, p <.001, n; =
.16), indicating that collapsed over all groups the startle responses were potentiated for CS+ in

comparison to CS- (see Figure 5 A).

Moreover, the ANCOVA returned no significant main effect of group (F(2,64) <1, p =
.826, nj <.01), but the interaction Stimulus x Group (F(2, 64) =4.82, p=.011, 3 =.13). The
significant interaction was followed by simple contrasts (Bonferroni corrected @ <.017), which
showed that CS+ startle responses were higher in comparison to the CS- for the context-A sham
(F(1,64)=17.54, p <.001, 77129 =.22) and the context-B stress (F(1, 64) = 15.57, p <.001, rhz,
=.20), but not for the context-A stress group (F(1, 64) <1, p =.681, 7712, <.01; see Figure 5 B-

D). No effect involving the covariate number of life events was significant (all p-values >.490).

In sum, threat acquisition was overall successful, as startle responses were potentiated
for CS+ in comparison to the CS-. Interestingly, on a group level the context-A stress group

did not show a CS+/CS- differentiation in startle response.
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Extinction learning. Results of the 2 (stimulus) x 3 (group) repeated-measures AN-
COVA returned no significant main effect of stimulus (F(1, 64) < 1, p = .669, n,z) <.01). Fur-
thermore, the ANCOVA for extinction learning did not show any group differences, evident in
the absence of a main effect group (F(2, 64) = 1.59, p = 211, n; = .05) and the interaction
Stimulus x Group (F(2, 64) <1, p = 836, 3 < .01).

Also, no effect involving the covariate was significant (all p-values > .368)

Summarized, the results demonstrate successful extinction learning, as CS+ and CS- did
not differ in regard to their startle response. Notably, there were no group differences in ex-

tinction.

Memory recall. The 2 (phase) x 2 (stimulus) x 3 (group) ANCOVA showed a significant
main effect of phase (F(1, 53) = 4.11, p = .048, n; = .07) , indicating a decrease in startle

responses independently of CS-type from end of extinction to beginning of re-extinction (see
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Figure 5. Overall startle response and group-divided startle response for threat acquisition of Study 1.
Boxplots (with medians as lines and means as diamonds) of the startle response collapsed over groups
(A) for the CS+ (black) and CS- (gray) during acquisition, extinction, and re-extinction phase. Further-
more, startle responses for context-A stress (B), context-A sham (C), and context-B stress group (D)
during acquisition phase are shown. Overall results indicate successful fear acquisition and extinction
learning, as CS+ (vs. CS-) elicited potentiated startle responses during acquisition, which diminished
during extinction for both measures. During re-extinction phase, reappearing CS+/CS- differentiation
was evident for startle response. Group wise, the context-A stress group did not show differential startle
responses to CS+ and CS- during acquisition, whereas the other groups did. Main effect stimulus # p <
.05; ## p < .01; ### p < .001; Bonferroni-corrected simple contrasts * p <.05; ** p <.01; *** p < .001.
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Figure 6). Moreover, the main effect stimulus (F(1, 53) <1, p = .544, rhz) <.01), as well as the
interaction Phase x Stimulus (F(1, 53) <1, p =.607, 77;% <.01) did not turn out significant. No

effect involving the factor group (all p-values > .120) or the covariate number of life events

(all p-values > .274) reached significance.

The results for memory recall indicate overall successful extinction recall (i.e., no

CS+/CS- differentiation). Moreover, no group differences were found.

Re-extinction. The 2 (stimulus) x 3 (group) ANCOVA showed a significant main effect
of stimulus (£(1, 56) =9.03, p = .004, 77;% =.14), which indicated that during the re-extinction
phase CS+ startle responses were potentiated in comparison to the CS- (see Figure 5 A) More-
over, the effects involving the factor group did not reach significance (all p-values > .409),
indicating no group differences during re-extinction phase. Also, the covariate did not influence

the results, as no effect involving it was significant (all p-values > .585).

Contradictory to the analysis for the memory recall, CS+/CS- differentiation was observ-

able during the whole re-extinction phase. However, groups did not differ.
SCR

Threat acquisition. The 2 (stimulus) x 3 (group) repeated-measures ANCOVA for SCR

returned no significant main effect of stimulus (F(1, 59) = 3.26, p = .076, rhz, =.05), no main

effect of group (F(2, 59) <1, p =.925, 77129 <.01) as well as their interaction (F(2, 59)<1,p =
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Figure 6. Overall memory recall for startle response of Study 1.

Lines (with standard errors) for CS+ (black lines) and CS- (gray lines) for the end of extinction learning
(i.e., mean over last two startle responses) and beginning of re-extinction (mean over first two startle
responses) collapsed over all groups. Results indicate successful extinction recall, as startle responses
to the CS+ and CS- did not differ at the end of extinction learning or the beginning of the re-extinction
phase.
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783, nj < .01) reached the significance level. Additionally, no effect involving the covariate

was significant (all p-values > .751).

Noteworthy, when omitting the covariate and looking at the 2 (stimulus) x 3 (group)
ANOVA, results revealed a significant main effect stimulus (F(1, 60) = 7.52, p = .008, n; =
.11), suggesting successful threat acquisition (for full ANOVA analyses see Suppl. Table 14 in
the Annex section 7.1.2). Moreover, as studies suggest that successful threat acquisition on a
level of SCR depends on CS-US contingency awareness (Dawson & Furedy, 1976; Lovibond
& Shanks, 2002; Mertens & Engelhard, 2020; Sevenster et al., 2014; Weike et al., 2007), ex-
ploratory analysis was conducted to examine whether CS-US aware participants (i.e., differ-
ence in expectancy ratings between CS+ and CS- after the threat acquisition phase of > 70).
Interestingly, when omitting unaware participants ANCOVA results returned a significant
main effect of stimulus (F(1, 39) = 10.07, p = .003, 77;% = .21). Otherwise, no further effect of
this exploratory analyses was significant (all p-values > .673). This further supports the notion

that successful threat acquisition took place on a level of SCR.

The results demonstrate no successful threat acquisition for SCR. However, when omit-
ting the covariate or participants unaware of the CS-US contingency, there is evidence for suc-
cessful discrimination between CS+ and CS-. Notably, stress induction 10 Days prior to threat

learning did not alter CS+/CS- differentiation during acquisition (see Figure 7).
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Figure 7. Overall SCR of Study 1.

Boxplots (with medians as lines and means as diamonds) of the skin conductance response (SCR)
collapsed over groups for the CS+ (black) and CS- (gray) during acquisition, extinction, and re-extinction
phase. Results indicate no successful threat acquisition. During extinction learning and re-extinction,
no differentiation between CS+ and CS- was found.
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Extinction learning. The 2 (stimulus) x 3 (group) ANCOVA revealed no significant
main effect of stimulus (F(1, 59) <1, p =.340, nzz, =.02), suggesting the absence of CS+/CS-
differentiation. Additionally, there was no main effect of group (F(2, 59) <1, p =.692, n;; =
.01), no Stimulus x Group interaction (¥(2, 59) <1, p = .446, n,, = .03), as well as no effect of

the covariate (all p-values > .842).

In sum, extinction learning was overall successful, as SCR elicited for CS+ did not differ

from CS- responses. Again, no group differences were found.

Memory recall. The 2 (phase) x 2 (stimulus) x 3 (group) ANCOVA showed no signifi-
cant main effect of phase (F(1, 53) =2.15, p =.149, rhz) =.04), no main effect of stimulus (F(1,
53)=3.38,p=.072, rhz, =.06), as well as their interaction (F(1, 53) =2.09, p = .154, r)f, =.04).
In addition, neither the main effect group (F(2, 53) = 1.11, p = .338, 7712, =.04), nor any inter-
action involving the factor group were significant (all p-values > .140). Moreover, the no effect

of the covariate was found (all p-values > .082).

Analysis for memory recall demonstrated successful extinction recall for all groups, as
there was no return of CS+/CS- differentiation at the end of extinction learning and the begin-

ning of re-extinction phase (see Figure 8).

Re-extinction. Results of the 2 (stimulus) x 3 (group) ANCOVA for re-extinction phase
14 Days after extinction learning returned no main effect stimulus (F(1, 53) = 3.18, p = .080,

77;% =.06). In addition, the main effect group (F(2, 53) = 1.45, p = .244, n;; = .05) as well as the
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Figure 8. Overall memory recall for SCR of Study 1.

Lines (with standard errors) for CS+ (black lines) and CS- (gray lines) for the end of extinction learning
(i.e., mean over last two SCRs) and beginning of re-extinction (mean over first two SCRs) collapsed
over all groups. Results indicate successful extinction recall, as SCRs to the CS+ and CS- did not differ
at the end of extinction learning or the beginning of the re-extinction phase.
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interaction Stimulus x Group (F(2, 53) < 1, p = .442, rhz) =.03) did not turn out significant.

Also, no effect involving the covariate was significant (all p-values > .070).

Matching the results of memory recall, the analysis for re-extinction demonstrate that
there was no further CS+/CS- differentiation during the whole phase. Again, no group differ-

ences were found.

2.3.3 Exploratory analyses
Correlational analyses

To further investigate the modulatory effect of distal stress on threat conditioning, ex-
ploratory Pearson’s product-moment correlational analyses were conducted (see Table 4).
Therefore, mean startle responses for CS+ and CS- (ITT subtracted; T-scores) and mean SCRs
for both CSs for the whole threat acquisition, whole extinction learning, and first two trials of

re-extinction were correlated with the cortisol increase from baseline to after stress induction

Table 4. Exploratory correlational analyses of Study 1.

Correlations (p-values) divided by groups between cortisol increase (i.e., difference between cortisol
30 min after stress induction and baseline) after stress induction during the stress day and mean
startle responses (CS minus ITl) and mean SCRs over the whole phase for fear acquisition and
extinction learning and over the first two trials of the re-extinction phase.

Threat Extinction Memory
Startle response . .
Acquisition learning recall
Group CS+ CS- CS+ CS- CS+ CS-
Context-A 352 -510% .280 240 200 325
stress (.182)  (.044) (:293) (:370) (.474) (237)
Cortisol Context-A -.372 -.340 -.108 .066 -.459 -.099
increase sham (.088)  (.122) (.633) (.770) (.085)  (.715)
Context-B -.012 -.424 .051 -.222 -.032 .047
stress (.961)  (.071) (.837) (.361) (.898)  (.853)
Threat Extinction Memory
SCR " .
acquisition learning recall
Group CS+ CS- CS+ CS- CS+ CS-
Context-A -.260 -.366 =277 -.246 -.247 .076
stress (:331)  (.163) (.230) (:359) (.:356)  (.778)
Cortisol  Context-A -440%  -.437* -.180 -.305 .025 .084
increase sham (.040)  (.042) (.423) (.167) (.912)  (.710)
Context-B .065 .021 .035 .106 361 364
stress (.791) (931 (.888) (.665) (.129)  (.125)

Note: * p < .050, ** p <010, *** p < 001
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at the stress day. Analyses showed that only the context-A stress group showed a positive cor-
relation between the cortisol increase after stress induction and the CS- startle responses during
acquisition (r(14) =.510, p = .044; see Figure 9 B), but not the context-A sham (7(20) = -.340,
p = .122), or context-B stress group (#(17) = -.424, p = .071). For the CS+ no correlation was
significant (context-A stress: #(14) = .352, p = .182; context-A sham: #(20) =-.372, p = .088;
context-B stress: #(17) =-.012, p =.961; ; see Figure 9 A).
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Figure 9. Scatterplot of exploratory correlational analyses of Study 1.

Scatterplot with regression lines for the mean differential startle response (CS minus ITI) or mean SCR
for CS+ (A,C) and CS- (B, D) during acquisition phase and the increase in cortisol level from baseline
to after stress induction during the stress day divided by the groups (black: context-A stress; light gray:
context-A sham; gray: context-B stress). For startle response, only the context-A stress group had a
significant positive correlation for CS- and the cortisol increase. For SCR, the context-A sham group
had significant negative correlations for CS+ as well as CS- and cortisol increase.
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For SCR, the context-A sham group showed a significant negative correlations between
cortisol increase and mean SCRs for CS+ (#(20) = -.440, p = .040) and CS- (n(20) =-.437,p =
.042), whereas correlations for context-A stress (CS+: #(14) = -.260, p = .331; CS-: r(14) = -
366, p = .163) and context-B stress (CS+: #(17) = .065, p =.791; CS-: n(17) = .021, p = .931)
did not reach significance (see Figure 9 C-D). However, since the manipulation of cortisol level
was not intended in the sham group and in some cases the cortisol levels even decreased, one
should be cautious by drawing conclusions from the significant correlations between mean

SCR for CS+/CS- during acquisition and cortisol increase for the context-A sham group.

For extinction learning and memory recall no correlation with cortisol increase was sig-

nificant for startle response and SCR (see Table 4).

Taken together, exploratory correlational analyses revealed an association of cortisol in-
crease after stress induction and safety learning (i.e., CS- reactivity) for startle responses of the

context-A stress group.
Startle response reactivity

To further check if the stress exposure on the first day of the experiment was associated
to the context and thereby exerted the effect of stress on threat acquisition and extinction, be-
tween-subjects (factor group) one-factorial ANOVAs for habituation startle responses during

threat acquisition, extinction learning, and re-extinction were calculated.

For threat acquisition, results returned no significant main effect of group (F(2, 65) =
1.53, p = .225, 7712, = .04). Interestingly, analyses for extinction learning revealed a significant
main effect of group (F(2, 65) = 3.57, p = .034, rhz, =.10), which was followed by post-hoc
simple contrasts (Bonferroni corrected a < .017). The context-A stress group exhibited en-
hanced habituation startle responses in comparison to the context-B stress group (F(1, 65) =
7.00, p = .010, 7712, =.10; see Figure 10). Moreover, neither the context-A stress (F(1, 65) <1,
p =.335, 1, = .01) nor the context-B stress group (F(1, 65) =2.84, p =.097, 7712, =.04) differed
from the context-A sham group. For re-extinction, again no differences were found as the main

effect group returned non-significant (F(2, 57) =2.28, p = .112, rhz, =.07).

Taken together, group differences were found for habituation startle responses during extinc-
tion learning (i.e., the subsequent startle habituation 24 h after threat acquisition). Namely, the

context-A stress group displayed a startle potentiation in comparison to the context-B stress
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Figure 10. Habituation startle response of Study 1.

Boxplots (with medians as lines and means as diamonds) of the startle response during startle habitu-
ation for context-A stress (*black*), context-A sham (*white*), and context-B stress (*gray*) group.
Groups did not differ in startle reactivity during threat acquisition and re-extinction. Interestingly, the
context-A stress group displayed a startle potentiation in comparison to the context-B stress group dur-
ing extinction learning. Bonferroni-corrected simple contrasts * p < .05; ** p < .01; *** p < .001.

group, suggesting a possible context association of the stressor as only the context-B stress

group changed from stress to threat conditioning context.
US reactivity

Since the US was individually determined during the peak of the cortisol level 30min
after stress induction, one could argue that stress exposure may have altered the experience or
aversiveness of the US. To test this hypothesis, we exploratory analyzed the SCRs of the US
and calculated a one-way ANOVA with the between-subjects factor group (context-A stress,
context-A sham, context-B stress). The main effect group was not significant (¥(2, 60) = 1.86,

p = .165,n; = .06), suggesting no group differences in US-reactivity (see Figure 11).

In sum, possible effects of stress on threat conditioning are not explained by altered US

reactivity and aversiveness, as groups did not differ in SCRs of the US.

2.3.4 Questionnaires

The 4 (day) x 2 (phase) x 3 (group) ANOVAs for STAI state, PANAS positive and neg-
ative mood revealed a significant main effect of day only for positive mood (F(3, 165) = 9.47,
p <.001, nj = .15) but not for STAI state (F(2.60, 130.01) < 1, p = .487, n; = .02) or negative
mood (£(2.37, 123.09) = 1.66, p = .189, nf, =.03). Moreover, the main effect phase did also
turn out significant only for positive mood (F(1, 55) = 22.39, p < .001, 77;% =.29) but not for
STAI state (F(1, 50)=1.82, p = .184, 7712, =.04) or negative mood (F(1, 52) =1.19, p = .281,
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Figure 11. SCR of the US during threat acquisition of Study 1.

Boxplots (with medians as lines and means as diamonds) of the skin conductance responses (SCR) of
the US for context-A stress (black), context-A sham (white), and context-B stress (gray) group. Groups
did not differ in SCR reactivity towards the US.

77;% =.02). The interaction Day x Phase returned significant for negative mood (F(2.43, 126.61)
=5.45, p=.003, n; = .09) not positive mood (F(3, 165) < 1, p =533, nj = .01) or STAI state
(F(2.58,128.99) =247, p = .074, rhz, =.05). Otherwise, no effect involving the factor group
was significant for STAI state (all p-values > .480) positive mood (all p-values > .080) or neg-

ative mood (all p-values > .083). Post-hoc contrasts are reported below separately for the state

questionnaires.

PANAS - positive mood. The significant main effect of day was followed by simple con-
trasts (Bonferroni corrected a < .017) revealing a significant decrease in positive mood from
stress to threat acquisition day (F(1, 55)=7.74, p = .007, nf, =.12). Moreover, positive mood
did not differ between threat acquisition and extinction learning day (F(1, 55) =3.70, p = .060,
77;% = .06) or extinction learning and re-extinction day (F(1, 55) <1, p = .983, 77;% <.01; see

Table 5).

PANAS - negative mood. Post-hoc contrasts for the significant interactions Day x Phase
(Bonferroni corrected a < .007) revealed no significant differences in negative mood between
post stress induction and the end of the experiment during stress day
(F(1,52)=17.43, p=.009, 77;% =.13), or between pre and post ratings during threat acquisition
(F(1,52)=3.34, p =074, 3 = .06), extinction learning (F(1, 52) < 1, p=.593, n; <.01), and
re-extinction (F(1, 52) = 1.72, p = .196, rhz, =.03). Additionally, comparing post ratings from

one experimental day with the pre ratings of the following day yielded no significant change
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in negative mood from post stress day and pre threat acquisition (#(1, 52) <1, p = .686, n,z) <

.01), post threat acquisition and pre extinction learning (F(1, 52) = 2.54, p = .117, 77;% =.05),

and post extinction learning and pre re-extinction ratings (F(1, 52) =2.24, p = .141,n

see Table 5).

Table 5. Descriptive statistics for the state questionnaires of Study 1.
Reported are means (SD) of the STAI State, PANAS positive and negative mood averaged over all
groups (overall) and divided by groups (i.e., context-A stress, context-A sham. context-B stress) per
time point of the experimental days.

2:
p

STALI State
Day Time point  Overall  Context-A stress Context-A sham Context-B stress
Stress day after stress 36.77 (7.54)  35.39 (7.20) 38.81 (8.26) 36.37 (7.27)
post 37.28 (7.74)  36.17 (7.06) 40.06 (9.13) 36.00 (6.83)
Threat pre 37.13 (5.92) 36.50 (5.53) 37.88 (5.39) 37.11 (6.86)
Acquisition post 39.60 (7.71)  39.56 (9.17) 39.38 (6.74) 39.84 (7.37)
Extinction  pre 37.09 (6.08)  38.28 (6.49) 37.13 (6.18) 35.95 (5.70)
learning post 37.55(7.24) 37.83(8.35) 39.44 (6.88) 35.68 (6.28)
Re- pre 38.26 (7.20)  38.17 (7.82) 38.00 (6.86) 38.58 (7.25)
extinction  post 37.57(7.89)  38.33(9.20) 38.69 (7.43) 35.89 (7.04)
PANAS - positive mood
Day Time point  Overall  Context-A stress Context-A sham Context-B stress
Stress day after stress 30.46 (5.86) 31.70 (4.79) 28.53 (6.57) 30.94 (6.09)
post 29.81(6.28) 32.30(5.82) 27.18 (6.79) 29.53 (5.39)
Threat pre 29.59 (5.95) 32.10(5.54) 27.18 (5.70) 29.06 (5.84)
acquisition  post 27.74 (6.27)  30.25 (6.66) 26.29 (4.79) 26.24 (6.51)
Extinction  pre 28.43 (5.85)  29.60 (5.29) 26.82 (5.69) 28.65 (6.59)
learning post 26.61 (6.46)  28.75(6.15) 24.06 (5.08) 26.65 (7.42)
Re- pre 28.13(5.95)  29.65(5.98) 27.29 (6.32) 27.18 (5.49)
extinction  post 26.85(6.94) 27.40(7.51) 26.41 (5.99) 26.65 (7.47)
PANAS - negative mood
Day Time point  Overall  Context-A stress Context-A sham Context-B stress
Stress day after stress 13.44 (4.21)  12.65 (2.87) 12.76 (2.46) 15.06 (6.24)
post 12.24 (2.71) 11.90 (2.49) 12.29 (2.66) 12.59 (3.08)
Threat pre 12.09 (2.57) 12.20(2.63) 11.53 (1.62) 12.53 (3.24)
acquisition  post 12.96 (3.71)  12.90 (4.04) 12.59 (3.12) 13.41 (4.02)
Extinction  pre 12.20 (3.37)  13.35(4.31) 11.29 (1.72) 11.76 (3.15)
learning post 11.98 (2.73)  12.65(3.39) 11.71 (2.23) 11.47 (2.27)
Re- pre 12.61 (3.34)  12.55(3.38) 11.71 (2.11) 13.59 (4.12)
extinction  post 12.20 (3.25) 12.65(3.79) 12.12 (2.64) 11.76 (3.25)

.04;
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2.4 Discussion

The goal of this study was to experimentally investigate the effect of distal stress induc-
tion on an aversive associative learning event (i.e., threat conditioning). In detail, stress was
induced via the SECPT (Schwabe et al., 2008) 10 days before the 3-Day differential threat
conditioning paradigm, comprising threat acquisition on Day 11, extinction learning on Day
12, and re-extinction on Day 26. Moreover, stress was induced either in the same context as
for the threat conditioning paradigm (context-A stress) or in a different context (context-B

stress) to further examine possible context associations of the stress exposure.

Regarding stress induction, a successful increase in the cortisol level was found for both
stress groups (i.e., context-A context-B stress group) in comparison to the control context-A
sham group from baseline to 30 min after stress induction. This is in line with several studies
(for overview see Schwabe & Schachinger, 2018), who found an increase in cortisol as neuro-
endocrinological measure of the stress response after SECPT induction (Drexler, Merz, &
Wolf, 2018; Hamacher-Dang, Merz, & Wolf, 2015; Riggenbach et al., 2019; Schwabe et al.,
2008; Smeets et al., 2012). Furthermore, groups did not show any differences in cortisol level
during the threat conditioning paradigm. Hence, differences between groups in the learning

paradigm are not caused by differences in cortisol levels at the respective days.

Threat acquisition 10 days later was overall successful on a psychophysiological (i.e.,
startle response) and verbal (valence, arousal, fear, and US-expectancy ratings) level. This was
evident in potentiated startle responses and more aversive ratings towards the CS+ in compar-
ison to the CS-. This is in line with previous studies (Andreatta et al., 2010; Antov,
Melicherova, & Stockhorst, 2015; Riggenbach et al., 2019; Sjouwerman, Niehaus, & Lonsdorf,
2015). Notably, CS+/CS- differentiation was not found for SCR during threat acquisition,
which contradicts other findings (Antov et al., 2015; Antov et al., 2013; Sjouwerman et al.,
2015). However, there is some evidence for successful discrimination between CS+ and CS-
for SCR during acquisition. On the one hand, the main effect stimulus was found for SCR when
the covariate number of life events was not included into statistical analysis. On the other hand,
analysis with only the CS-US contingency aware participants also revealed a significant
CS+/CS- differentiation on a level of SCR, which supports the notion that successful threat
acquisition on a level of SCR depends on CS-US contingency awareness (Dawson & Furedy,
1976; Lovibond & Shanks, 2002; Mertens & Engelhard, 2020; Sevenster et al., 2014; Weike
et al., 2007). An alternative explanation for the absence of CS+/CS- differentiation for SCR

could be the application of startle probes. Sjouwerman et al. (2016) demonstrated that the use
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of startle probes decreased the discrimination of conditioned SCRs between CS+ and CS-.
Hence, startle probes could have caused for a decreased CS+/CS- differentiation in our study,
which could not be shown after addition of the covariate to the analysis. Since threat acquisition
was not found for SCR, the results for extinction learning, memory recall, and re-extinction are

summarized but not interpreted.

Twenty-four hours later, delayed extinction learning was apparent in diminished differ-
entiation between CS+ and CS- for valence ratings, startle response. For SCR, identical to
threat acquisition no discrimination between CS+ and CS- was found. However, results indi-
cated sustained differentiation for arousal, fear, and US-expectancy ratings during extinction
learning. During threat conditioning paradigms, several indices are often measured simultane-
ously to validate successful learning (Lonsdorf et al., 2017; Sjouwerman et al., 2016). It is not
uncommon to obtain dissociative results between different dependent measures. In fact, there
are several studies, who found contradictory results for extinction learning between different
conditioned measures (Andreatta et al., 2010; Glotzbach-Schoon et al., 2013). For example,
our results match the ones of Ewald et al. (2014), as they also found successful extinction
learning in valence ratings, but not arousal, fear, and US-expectancy in a cued and contextual
threat conditioning paradigm, respectively. A possible way to evade divergent results in ex-
tinction learning would be to increase the number of trials during extinction learning and

thereby, facilitate the learning so it can be found in all measures.

Memory recall was quantified as the changes for CS+ and CS- between the end of ex-
tinction learning and the beginning of re-extinction 14 days later. Results for valence and
arousal ratings, as well as startle response and SCR indicated overall successful extinction re-
call, as CS discrimination did not return at the beginning of re-extinction. For fear ratings, the
differentiation between the CSs from extinction learning persisted at recall. Contradictory to
the extinction learning results, analysis of memory recall also yielded no differentiation be-
tween CS+ and CS- at the end of extinction learning for arousal ratings. A reason for this dis-
crepancy could be the drop out of participants between extinction learning and re-extinction
and hence, the decrease in sample size and power for memory recall and re-extinction analyses.
The results for fear ratings are in line with a study by Klucken et al. (2016), who also found
sustained CS+/CS- differentiation at recall 24 h after impaired extinction learning. This was
evident in a significant CS+/CS- differentiation at the beginning of the re-extinction phase and

an increase in the responding to the CS+ (vs. CS-) from the end of extinction to the beginning
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of re-extinction. Moreover, there are studies which found spontaneous recovery (i.e., re-occur-
rence of CS+/CS- differentiation) after successful extinction learning (Guastella et al., 2007;
Huff et al., 2009; Mueller, Panitz, Hermann, & Pizzagalli, 2014; Mueller & Pizzagalli, 2016;
Norrholm et al., 2008). However, successful extinction recall was also reported (Huff et al.,
2009; Mueller et al., 2014; Mueller & Pizzagalli, 2016). When examining and quantifying
memory recall, several aspects must be considered when comparing study results. First, the
timing of extinction learning relative to threat acquisition differs between studies. While some
studies applied immediate extinction learning (Guastella et al., 2007; Huff et al., 2009; Mueller
et al., 2014; Mueller & Pizzagalli, 2016; Norrholm et al., 2008), others used delayed extinction
learning (Guastella et al., 2007; Huff et al., 2009; Klucken et al., 2016; Norrholm et al., 2008).
Described in section 1.3.1, the time interval between threat acquisition and extinction learning
can influence the consolidation of the threat and extinction memory traces, cause an immediate
extinction deficit (Maren, 2014), and hence, alter memory recall. Second, the time interval
between extinction learning and memory recall test is important. The most prominent interval
used in human studies is 24 h between extinction learning and memory recall (Lonsdorf et al.,
2017). However, also greater intervals of 94 h or even several months exist (Klucken et al.,
2016; Mueller & Pizzagalli, 2016; Vervliet et al., 2013b). A longer extinction learning-memory
recall interval could influence the strength of either the threat or extinction memory trace and
thereby, alter the memory recall. Interestingly, spontaneous recovery could not only be found
24 h after immediate (Guastella et al., 2007; Huff et al., 2009; Mueller et al., 2014; Mueller &
Pizzagalli, 2016) but also delayed extinction learning (Guastella et al., 2007; Huff et al., 2009;
Klucken et al., 2016; Norrholm et al., 2008), Moreover, spontaneous recovery was also evident
4 days (Norrholm et al., 2008) and even one year (Mueller & Pizzagalli, 2016) after immediate
extinction learning, as well as 6 months after delayed extinction learning (Klucken et al., 2016).
Thus, suggesting not only a superiority of recall of the threat memory over the extinction
memory trace, but furthermore the ability to remember and retrieve the threat memory after a
great passage of time. However, systematic investigations of extinction learning-memory recall
interval on memory recall does not exist so far (Lonsdorf et al., 2017). The extinction learning-
memory recall interval in our study is 14 days and we only found successful threat memory
recall in one of our conditioning measures. Thus, our results do not seamlessly fit the afore-
mentioned studies, which also used greater intervals. Noteworthy, sample size was decreased
for memory recall and re-extinction analyses due to drop-out before re-extinction. Therefore,
reduced power could have caused the discrepancy between our results and the other studies.

Additionally, for psychophysiological data mean aggregation over the last and first trials of
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extinction learning and re-extinction was used for memory recall analyses, respectively. In
combination with the reduced sample size, averaging over two trials still leaves a lot of noise
and variance in the data, which might have influenced the results. Moreover, it must be noted
that memory recall analysis can be conducted by different approaches, which can lead to dif-
ferent results and interpretations. While some studies used the same approach as in this study,
i.e., the comparison of CS+/CS- differentiation between end of extinction and beginning of re-
extinction (e.g., Norrholm et al., 2008), others only compared the CSs at the beginning of re-
extinction or the whole re-extinction phase or aggregated a recovery index (Guastella et al.,

2007; Klucken et al., 2016; Mueller & Pizzagalli, 2016).

In this study, the comparison of CS+ and CS- over the course of the whole re-extinction
phase was conducted in the re-extinction analyses. Results yielded successful re-extinction for
SCR, valence, arousal, and US-expectancy ratings, as no differentiation between CS+ and CS-
was found. For fear ratings, the significant CS discrimination at the beginning diminished to-
wards the end of re-extinction. Interestingly, re-extinction was overall impaired for startle re-
sponse, as the two CSs significantly differed. This result is in line with some studies, who found
impaired re-extinction (Huff et al., 2009; Klucken et al., 2016). The significant CS+/CS- dif-
ferentiation for startle responses during re-extinction but not for the first two re-extinction trials
(i.e., memory recall) further supports the assumption that spontaneous recovery was not found

as the mean aggregation over two trials leaves too much noise in the data to detect the effect.

Regarding group differences, results for threat acquisition indicate successful CS+/CS-
differentiation in valence and arousal ratings for the context-A stress group in comparison to
the context-A sham and context-B stress group. These results are in line with studies, who
found an enhancement in CS discrimination or potentiated responses to the CS+ during threat
acquisition due to stress induction (Jackson et al., 2006; Riggenbach et al., 2019; Zorawski et
al., 2006). However, the analysis of the post-acquisition arousal ratings revealed successful
acquisition for all groups, leading to the assumption that group differences in ratings during
threat acquisition could be explained by differences in CS ratings after the habituation phase
(i.e., pre-acquisition). Contradictory, on a level of startle response the context-A stress group
displayed impaired CS discrimination during threat acquisition. This is in accordance to Merz
et al. (2013), who found attenuated SCR differentiation for the stress (vs. sham) group during
acquisition. Moreover, decreased differential activity was found in the nucleus accumbens,
amygdala, and ACC. As the startle response is crucially driven by the amygdala, this result

could explain and translate to the impaired differentiation for the startle response in the study
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of this dissertation. Moreover, the exploratory positive correlation for the context-A stress
group was found between the stress-related increase in cortisol due to stress induction and the
startle responses to the CS- during threat acquisition. This supports the assumption that on an

implicit (i.e., startle response) level, distal stress impairs safety learning to the CS-.

Impaired extinction learning was found only for context-A stress group in valence and
arousal ratings, evident in persistent more aversive ratings for the CS+ (vs. CS-) prior and after
extinction. On the one hand, this result is not only in accordance to the animal study by
Chauveau et al. (2012), which also induced acute stress 10 days prior to threat conditioning
and on which the paradigm of this study is based on. But it is also in line with other rodent
studies who found impaired extinction learning after different types of stress induction (Baran
et al., 2009; Cordero et al., 2003; Knox et al., 2012a; Maroun et al., 2013). On the other hand,
this result is in agreement with other human studies, which show extinction deficits when the
stressor is placed shortly prior to threat acquisition (Antov et al., 2013; Jackson et al., 2006;
Riggenbach et al., 2019).

For memory recall and re-extinction 14 days later, again only the context-A stress group
demonstrated sustained CS+/CS- differentiation for valence ratings prior to but also after re-
extinction phase. This again is accordance with rodent studies (Chauveau et al., 2012; Knox et
al.,2012a; Maroun et al., 2013; Yamamoto et al., 2008) and the study in humans by Riggenbach
et al. (2019).

Interestingly, the results for group differences regarding threat acquisition and extinction
reveal a context dependency of the effects. Specifically, only the context-A stress group (not
the context-A sham and more importantly the context-B stress group) showed impaired threat
acquisition in startle response and extinction impairing effects in valence ratings. If the effect
was solely a result of the distal stress induction, then the context-B stress group should have
shown the same results. Instead, the threat processing was not altered for the context-B stress
group during threat conditioning. Hence, the effect of distal stress was only evident when the
subsequent threat conditioning paradigm was conducted in the same context as the stress, sug-
gesting an association between context and stressor. As mentioned earlier, stress causes struc-
tural and functional changes throughout the brain and especially in the hippocampus (Leuner
& Shors, 2013). The hippocampus is a crucial brain structure for the processing of contextual
information, learning and memory, and therefore also context-dependent learning (Andreatta
et al., 2015; Bulkin et al., 2016; Fanselow, 2010; Rudy, 2009; Smith & Bulkin, 2014). This

suggests that the acute stress induction facilitated activity of the hippocampus (McKenzie &
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Eichenbaum, 2011), thereby might have enhanced the encoding and consolidation of the con-
textual information during stress exposure, and thus, resulting in context-association of the
stressor, which was necessary to exhibit the stress effects. This would explain why the effects
were only found for the context-A stress group and not the context-B stress group. The assump-
tion of context association of the stressor is further supported by the exploratory result of the
startle probe habituation. As the startle responses during habituation can be seen as responses
towards the context, differences between groups could verify context associations. Indeed, star-
tle responses were potentiated for the context-A in comparison to context-B stress groups dur-
ing startle habituation prior to extinction learning. However, as no group differences were
found in the state questionnaires during the experiment, a possible context dependency could

not have been supported by state mood analyses.

In addition, the US could also have been associated with the context as the protocol to
determine the US intensity was conducted during the cortisol peak (i.e., approx. 30 min after
stress induction) of the stress day. Therefore, the encoding and consolidation of the US expe-
rience during stress peak could have also been associated with the context. One could argue
that differences in threat acquisition and subsequent extinction are a result of different aver-
siveness and salience of the US. It is known that the intensity and salience of the US augment
threat learning and memory formation (Trevino, 2016), dampen habituation, and thereby alter
extinction learning (Lonsdorf et al., 2017). Hence, if stress caused an increase in US salience,
this would sufficiently explain the impairments in extinction learning. However, in the explor-
atory analysis of the SCRs towards the US, we did not find any group differences. Thus, sug-

gesting that deficits in extinction learning are not caused by differences in US salience.

Interestingly, the groups differed in their number of life events, which had an influence
on threat acquisition. More specifically, an exploratory analysis revealed a significant correla-
tion between the number of life events and the differentiation between CS+ and CS- for valence
ratings during threat acquisition. Although this finding fits the notion that prior stressful life
events increase the risk for the development of psychiatric disorders (McEwen, 1998; Pratchett
& Yehuda, 2011; Stroud, 2020) and animal studies, which found that chronic or traumatic stress
enhances threat memory consolidation and impairs extinction learning (Baran et al., 2009;
Knox et al., 2012a; Miracle et al., 2006; Wilber et al., 2011; Yamamoto et al., 2008), it contra-
dicts other human studies, who found a blunted CS+/CS- discrimination for participants who
were exposed to stressful life events (McLaughlin, 2016; Scharfenort et al., 2016). A possible

explanation for the diverging results could be that our study did not examined children and
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adolescents (McLaughlin et al., 2016) or divided the life events in recent life events and child-
hood maltreatments (Scharfenort et al., 2016). The brain undergoes drastic changes during de-
velopment and therefore, stress can have differential effects on the brain and on aversive learn-
ing events as a function of the age of the individual (Lupien et al., 2009). However, since the

result in this study is only an exploratory finding, its interpretation must be treated with caution.

The study has a few limitations that should be outlined. First, the sample sizes are con-
siderable small for the complex (statistical) design of the study. Especially for a between-sub-
jects design, the statistical power could be insufficiently small to reliably find the hypothesized
effects. In addition, the sample sizes per group could be insufficient to detect reliable results
for the exploratory correlational analyses, which were conducted in this study. Second, groups
differed in their number of life events prior to the study. Although life events were controlled
by inclusion as covariate into analyses, the group differences could have still affected threat
conditioning. The exposure of stressful life events causes functional and structural changes in
the brain, especially hippocampus, amygdala, and PFC (Barch & Pagliaccio, 2020), which are
crucial for threat learning. Thus, the differences in experienced life events could have altered
threat and extinction processes. Moreover, the inclusion of a covariate in the already complex
statistical design could further decrease the statistical power and thus, impede the detection of
effects. Third, the re-extinction phase was conducted 14 Days after extinction learning. Even
though this allows to examine the effect of stress on remote memory recall of the threat and
extinction memory trace, the most frequently used paradigm comprises the test for memory
recall 24 h after extinction learning (Lonsdorf et al., 2017). Therefore, a comparison to other
studies is only partially possible. Last, a counterpart control group of the context-B stress group
is missing. The inclusion of a sham control group, where the first day was also conducted in a
different context than the threat conditioning paradigm (i.e., context-B sham group) would have

provided a fully balanced design.

Taken all together, to our knowledge this is the first study to experimentally investigate
the effect of acute distal stress on threat conditioning in humans. The effect of acute stress
induction 10 days prior to threat conditioning was twofold: On the one hand, distal stress im-
paired extinction learning and re-extinction, evident in sustained CS+/CS- differentiation on
an explicit subjective level. On the other hand, stress impaired safety learning to the CS- during
threat acquisition on an implicit (i.e., startle response) level. Remarkably, this effect was only

evident when the stress induction took place in the same context as the threat conditioning
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paradigm. Hence, the effects of distal stress on threat learning and extinction were the result of

the combination of stressor and stressor-associated context.
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3 Study 2: Distal stress weakens extinction without context asso-

ciation

3.1 Introduction

The first study of this dissertation provided first evidence that the exposure to an acute
distal stressor can still influence an aversive learning experience 10 days later in humans. Alt-
hough adjusted and standardized for the experimental investigation of healthy individuals, the
results support and could translate to the notion that prior stressful experiences represent a risk
factor for the development of PTSD and anxiety disorders. However, the results of Study 1
indicate that distal stress only exerted its effect on threat acquisition and extinction when it was
conducted in the same context as the learning paradigm. This leads to the assumption that the
acute stress induction via the SECPT is not potent enough to solely display its possible effect
on threat conditioning when placing it 10 days prior to the learning paradigm. Moreover, it is
not possible to ascribe the extinction impairing effect exclusively to the stressor and thus, ad-
ditional work is needed to better disentangle the effect of stressor and stressor-associated con-

text on threat conditioning.

One could argue that a temporal distance of 10 days between stress induction and threat
conditioning was too long and the association to the context was consequently needed for the
mild stressor to carry out its effect on threat conditioning. In conclusion, decreasing the interval
between stress induction and threat conditioning could create more temporal proximity to the
learning paradigm and thereby increase the effect of the stressor on threat and extinction learn-
ing without the necessity of context association. Therefore, the aim of Study 2 of this disserta-
tion is to examine the effect of distal stress induced 24 h prior to learning and in a different
context on a 3-day differential threat conditioning paradigm. It is hypothesized that the shorter
interval between distal stressor and threat conditioning causes extinction deficits (i.e., persis-
tent differentiation between CS+ and CS-) in the stress (vs. sham) group. Moreover, in Study
1 the effect on memory recall and re-extinction was only investigated for remote memory recall
14 days later. Such a long extinction learning-memory recall interval could influence the
strength of either the threat or extinction memory trace to be retrieved. Because the extinction
memory trace is more context-dependent and fragile in comparison to the threat memory
(Vervliet et al., 2013b), it can be assumed that with an increased extinction learning-memory
recall interval the threat memory is in favor of being retrieved. This could have been found in

studies demonstrating spontaneous recovery with greater intervals of 94 h or even several
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months (Klucken et al., 2016; Mueller & Pizzagalli, 2016; Vervliet et al., 2013b). Therefore,
the interval of 14 days between extinction learning and re-extinction in Study 1 of this disser-
tation could have interfered with the effect of stress on memory recall. As already mentioned,
the most prominent interval used in human studies is 24 h between extinction learning and
memory recall (Lonsdorf et al., 2017). Therefore, a second aim of this study was to systemically
investigate whether the effect of distal stress on memory recall can be found for or differs
between remote and recent (i.e., 24 h later) memory recall. Specifically, a stress and a sham

group underwent re-extinction either 24h or 14 days after extinction learning.

3.2 Methods

Katharina Gierlich, Latoya Thomas, Lea Geraedts, Stefanie Weyer, Lena Schuster, and
Johanna Brenner wrote their master theses under the supervision of PD Dr. Marta Andreatta

and me in the context of this study.

Since Study 2 is a succession of Study 1, alterations between the two studies are high-
lighted in the method sections. If not further specified, the protocols and procedure were iden-

tical.

Due to the corona pandemic, data collection and participant recruitment could not have
been finished. Hence, data of one subgroup is almost completely missing. Detailed description
of changes and restrictions due to the setbacks of the corona pandemic are reported in the ap-

propriate and relevant sections.

3.2.1 Participants

Participant recruitment and inclusion was identical to Study 1 and therefore not further

elucidated (see section 2.2.1).

A total of 135 participants were recruited of which 27 had to be excluded due to various
reasons listed below: Exclusion criteria comprised drop out during the experiment (n = 7),
deficient cortisol analysis (n = 1), startle non-responder (n = 3; see section 2.2.4), too few startle
responses for mean aggregation (n = 1), and technical problems (n = 15). The remaining par-
ticipants were randomly allocated to one of four groups: recent stress and sham groups, where
re-extinction was conducted 24 h after extinction learning, and remote stress and sham groups,
where re-extinction took place 14 days after extinction learning. Before research shutdown at
the University of Wiirzburg due to the corona pandemic, the sample sizes per group were the

following: recent stress: n = 28; recent sham n = 9; remote stress: N = 36; remote sham: N =
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35. Because of the different sample sizes of the groups, only the remote stress and sham group
are considered for all analyses. Since the recent and remote groups only differed regarding the
extinction-re-extinction interval, the nine participants of the recent sham and nine randomly
chosen participants of the recent stress group were included for analyses of stress manipulation,
threat acquisition and extinction learning. However, for analyses of memory recall and re-ex-
tinction only the remote stress and sham groups were considered. Separate analyses of only the
recent recall groups (stress: n = 9; sham: n = 9) can be found in the Annex section 7.1.7. As a
result, the final sample size for analyses of stress manipulation, threat acquisition, and extinc-
tion learning comprised a total of 89 healthy participants (M = 24.36 years, SD = 4.05). Sample
characteristics can be found in Table 6. For SCR analyses, further participants had to be ex-
cluded as they fulfill the criteria for SCR non-responder (n = 8; see section 2.2.4). Consistent
with Study 1, participants who dropped out after extinction learning were still included in all
analyses except memory recall and re-extinction, leading to a reduced sample size for the later
analyses (n=61). Moreover, to increase comparability to Study 1 of the dissertation, the sample

included only male participants.

3.2.2 Material
Unconditioned stimulus (US)

As in Study 1, the US was a mildly painful electric stimulus (50 Hz, 200 ms) to the
dominant inner forearm, applied with a constant current stimulator (Digitimer DS7A, Digitimer
Ltd., Welwyn Garden City, UK) and presented with the software Presentation (Version
1.20.0601, Neurobehavioral Systems). The same standardized protocol for determining the in-
dividual pain threshold as in Study 1 was used (see section 2.2.2). Collapsed over the stress
and sham group, the mean intensity of the US was 1.54 mA (SD = 0.71) and was rated as
painful 6.06 (SD = 1.40) on the stress day. Prior to threat acquisition the intensity and rating of
the US was 1.78 mA (SD =0.83) and 5.17 (SD = 1.18), respectively. Intensities and ratings of
the US separately for groups are reported in Table 6.

Conditioned stimuli (CS) and startle probe

The geometrical shapes (i.e., blue square, green triangle, yellow circle, red hexagon) and
used as CS with a presentation duration of 8 s were identical to the stimuli of Study 1. Again,

shapes were counterbalanced as CS+ and CS- across participants.

Startle probes were identical to Study 1 (i.e., bursts of white noise (50 ms; 103 dB) over
headphones.
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Table 6. Sample characteristics of Study 2.
Descriptive statistics (M and SD) and group comparisons of the two groups (stress group, sham

group).
Stress Sham Comparisons
N 45 44
age 24.84 (3.84) 23.89(4.24)  F(1,86)=1.22,p=.272
aware participants' 21 21 v2(1)<1,p>.999
sport 4.48 (2.43) 490 (2.87)  F(1,86)<1,p=.461
sec in water? 168.42 (34.99)  180.00 (0.00) F(1,87)=4.82,p=.031*
US characteristics
US Intensity Day 1 1.58 (0.80) 1.49 (0.62)  F(1,87)<1,p=.573
US Intensity Day 2 1.72 (0.83) 1.84(0.83)  F(1,87)<1,p=.475
US Rating Day 1 6.16 (1.48) 5.95(1.33)  F(1,87)<1,p=.502
US Rating Day 2 5.29 (1.41) 5.05(0.89)  F(1,87)<1,p=.333
STAI Trait 36.67 (9.17) 37.38(9.15)  F(1,85)<1,p=.717
BDI I 8.09 (7.22) 7.93(6.95) F(1,87)<1,p=.917
ASI 16.60 (6.98) 17.55(7.98) F(1,87)<1,p=.553
Life event calendar 6.27 (3.80) 573 (3.51)  F(1,87)<1,p=.489
CTQ 35.93 (12.53) 36.27 (10.16)  F(1,86)<1,p=.889
Emotional abuse 7.89 (3.76) 8.20(2.88)  F(1,86)<1,p=.657
Physical abuse 5.87 (2.12) 6.23(2.88)  F(1,87)<1,p=.502
Sexual abuse 5.84 (2.40) 5.39(1.32)  F(1,87)=1.24,p=.269
Emotional neglect 9.27 (4.19) 9.32(3.94) F(1,87)<1,p=.952
Physical neglect 7.04 (2.75) 7.14(2.42)  F(1,87)<1,p=.867
SCI
Positive thinking 11.60 (2.02) 11.68 (2.01)  F(1,87)<1,p=.848
Active coping 10.42 (2.33) 10.75(2.62)  F(1,87)<1,p=.535
Social support 12.49 (2.62) 12.45(3.04) F(1,87)<1,p=.955
Religion 7.24 (2.54) 726 (3.12)  F(1,86)<1,p=.985
Alcohol 6.47 (2.77) 6.64(2.93)  F(1,87)<1,p=.780
NEO FFI
Extraversion 28.91 (6.26) 27.30(8.33)  F(1,87)=1.07,p =.305
Neuroticism 15.07 (6.93) 17.11 (8.00)  F(1,87)=1.67, p=.200
Openness 32.94 (5.26) 31.23(8.60)  F(1,87)=1.30,p=.258
Conscientiousness 30.29 (8.61) 31.37(7.44)  F(1,87)<1,p=.528
Agreeableness 29.29 (8.20) 29.34(7.29) F(1,87)<1,p=.975

Note: Unconditioned stimulus (US), State-Trait Anxiety Inventory (STAI), Beck Depression Inventory II (BDI II), Anx-
iety Sensitivity Index (ASI), Childhood Trauma Questionnaire (CTQ), Stress and Coping Inventory (SCI), Neuroticism-
Extraversion-Openness Five-Factor Inventory (NEO FFI); * p <.050, ** p <.010, * p <.001.
! Participant awareness was defined as a difference in US-expectancy ratings for CS+ and CS- after the fear acquisition

phase of > 70.

2 As the two groups differed regarding the duration of hand immersion during the stress induction protocol, the duration
was added as covariate to analyses of manipulation check and trajectory of stress measures (see full analyses in the Annex
section 7.1.3). However, since the covariate did not interact with the factor group in any statistical analyses, it was there-
fore not further included into analyses.
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Questionnaires

As in Study 1, a battery of questionnaires was completed between the end of stress in-
duction and the second saliva sampling 30 min. The questionnaires were almost identical to
Study 1, containing the BDI II (Hautzinger et al., 2006), STAI-Trait (Laux et al., 1981), ASI
(Reiss et al., 1986), life events calendar (Caspi et al., 1996), and SCI (Satow, 2012). The
SPSRQ (Torrubia et al., 2001) was omitted. However, the German version of the Childhood
Trauma Questionnaire (CTQ; Klinitzke, Romppel, Hauser, Briahler, & Glaesmer, 2012) - as an
established measurement of maltreatment during childhood and adolescence (Bernstein et al.,
1997; Fuge et al., 2014; McLaughlin et al., 2016; Tyrka et al., 2009) was additionally collected.
The questionnaire consisted of 28 items on a 5-point Likert scale from one (“not at all”) to five
(“very often”), which were subdivided into the five main subscales emotional, physical, and
sexual abuse as well as emotional and physical neglect. Moreover, the personality inventory
Neuroticism-Extraversion-Openness Five-Factor Inventory (NEO FFI; Korner, Geyer, &
Bréhler, 2002) was filled out. It comprised 60 items on a 5-point Likert scale ranging from one
(“strong rejection”) to five (“strong agreement”) and is summarized to the five personality
scales neuroticism, extraversion, openness to experience, conscientiousness, and agreeable-
ness. To assess changes in state emotionality, the STAI-State (Laux et al., 1981) and the
PANAS (Krohne et al., 1996) were filled out in the same manner as in Study 1: approx. 25 min
after stress induction (for Day 1) or at the beginning (for Days 2-4) and at the end of each

experimental day.

3.2.3 Procedure

The procedure was adopted and adjusted from Study 1 and is depicted in Figure 12.
However, the intervals between the first three days of the experiment (i.e., stress day, threat
acquisition, extinction learning) was reduced to 24 h. In comparison, the interval between stress
day and threat acquisition in Study 1 was 10 days. Noteworthy, the first day of the experiment
was conducted in a different laboratory context in comparison to the remaining days for all
participants. As in Study 1, some participants underwent re-extinction 14 days after extinction
learning (remote recall). In addition, for the other participants re-extinction took place 24 h
after extinction learning (recent recall). Data collection occurred in the afternoon (between
12.00 h and 18.00 h) and at the same time for all appointments. At the beginning of the exper-
iment, participants were randomly allocated to one of the four groups: recent stress or sham —

where the extinction-re-extinction interval was set to 24 h — and remote stress or sham with an
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interval of 14 days. Noteworthy, measurements of systolic and diastolic blood pressure as well

as pulse were also collected as sympathetic markers of the stress response.

On Day 1 of the experiment, participants first gave their written consent followed by
baseline measurements of cortisol, systolic and diastolic blood pressure, and pulse. Subse-
quently, stress induction occurred via the SECPT (Schwabe et al., 2008) or sham control pro-
cedure and the questionnaire battery was filled out in the same manner as in Study 1. Sympa-
thetic stress measurements (i.e., systolic/diastolic blood pressure and pulse) were collected 90
sec after stressor onset and after completion of the stress induction (i.e., 180 sec after onset).
After 30 min, the second cortisol sample and sympathetic stress measurements were taken be-
fore determination of the individual threshold of the electrical stimulus, which was identical to
Study 1. The experimental day ended again by filling out the state questionnaires (i.e., PANAS:
Krohne et al., 1996; STAI State: Laux et al., 1981).

Twenty-four hours later, Day 2 of the experiment was identical to Study 1. Briefly, after
electrode placements, US presentation for verification of sufficient aversiveness of the electri-
cal stimulus, and placing of the headphone, the habituation phase and the presentation of seven
startle probes for startle response habituation took place. Threat acquisition phase followed,
which was identical to Study 1 with the exception that only 12 out of 16 CS+ presentations co-
occurred with US delivery (CS-US contingency of 75 %). Half of the CS trials were paired
with a startle probe between 4 — 6 s after CS onset and during ITI eight additional startle probes
were presented. Ratings of valence, arousal, fear, and US-expectancy towards the CSs occurred
after habituation and after threat acquisition. US-expectancy, however, was only rated after
threat acquisition. At the end, the US was delivered and its aversiveness was rated again. Af-
terwards the state questionnaires were filled out and cortisol sample and sympathetic stress

measurements were taken.

Day 3 of the experiment comprised the extinction learning phase. In comparison to Study
1, this learning phase contained two blocks each with 12 presentations of the CS+ and CS-.
Startle probes were presented at half of the CS presentations and during 6 ITIs per block. The
CSs were never paired with the US. Before, after the first, and after the second block ratings
of the CSs took place. Another modification in comparison to Study 1 was that US-expectancy
ratings were also collected prior to extinction learning. After Block 1, however, only valence,

arousal, and fear ratings occurred.
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The re-extinction phase took place either 24 h later on Day 4 (recent recall) or 14 Days
later on Day 17 (remote recall). Re-extinction was identical to the threat acquisition phase, but
with US omission. All ratings (including US-expectancy ratings) were collected prior and post
re-extinction. At the end of the experiment, participants were debriefed about the purpose of

the study and financial compensation was carried out.

For all learning phases (i.e., habituation, acquisition, extinction learning, and re-extinc-
tion) the ITI was set between 18-22 s and the arrangement of CS and startle probe presentation
had the same restrictions as in Study 1. Namely, no more than two consecutive presentations
of the same CS and or startle probes. At the beginning and end of Day 2, Day 3, Day 4, and
Day 17 of the experiment, cortisol sampling, the measurement of sympathetic stress markers,

and the completion of the state questionnaires occurred.

3.2.4 Dependent variables & data reduction
Manipulation check

Stress response validation was again assessed via cortisol sampling as measure of the
second-wave stress response. In addition, systolic and diastolic blood pressure and pulse were

added as measures of the first-wave stress response in this study.

Cortisol sampling was identical to Study 1. Briefly, Salivettes (Sarstedt AG & Co.,
Niimbrecht, German) were collected, which were stored at -20°C before being biochemically
analyzed in the laboratory of Prof. Dr. Kirschbaum at the Department of Biopsychology of the
TU Dresden (Germany) using immunoassay analysis (IBL, Hamburg, Germany). Participants
with cortisol levels > 80 nmol/l were again excluded. Saliva collection was identical to Study
1: on the stress day, samples were collected at the beginning of the experiment and 30 min after
stress induction. Furthermore, at the beginning and the end of the acquisition, extinction, and

re-extinction days of the experiment (see Figure 12).

Systolic (sysBP) and diastolic blood pressure (diaBP) and pulse was measured via the
sphygmomanometer boso carat professional E (Bosch + Sohn GmbH u. Co. KG, Jungingen,
Germany). On the stress day, the first measurement took place after first cortisol sample at the
beginning of the experiment. During stress induction, two measurements occurred: 90 sec after
hand immersion and at the end of the stress protocol (i.e., 180 sec). However, if participants
removed their hand before completion of the stress protocol, timing and number of measure-

ments depended on the duration participants were able to keep their hand in the ice-cold water.


https://www.linguee.de/englisch-deutsch/uebersetzung/sphygmomanometer.html
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One measurement was always collected directly after hand removal from the water, inde-
pendently of hand immersion duration. If participants removed their hand earlier than 90 sec,
the second measurement was omitted. For analyses, the two measurements during stress induc-
tion were averaged. In doing so, all participants (not only the ones who removed their hand
prematurely) had one value for later analysis. For the remaining experimental days (i.e., acqui-
sition, extinction learning, and re-extinction) measurements occurred at the beginning and the

end of the respective day (see Figure 12).

To assess the subjective level of the stress response, ratings of the aversiveness towards
the stress induction protocol were conducted directly after the stressor (adapted from Schwabe
et al., 2008). Participants were asked on a scale from 0 (“not at all”’) to 100 (“very much”) in
steps of ten how unpleasant, stressful, and painful the hand immersion during stress induction

was.
Ratings

Identical to Study 1, ratings towards the CSs were collected during the threat condition-
ing paradigm (i.e. valence, arousal, fear, and US-expectancy ratings). For acquisition and re-
extinction, CSs were rated regarding their valence, arousal, and fear on a VAS ranging from 1
to 9 before and after the learning phase. Since extinction learning comprised two learning
blocks in this study, the aforementioned ratings were collected prior to the first block, between
the two blocks, and after the second block of learning. US-expectancy ratings were assessed
on a VAS scale from zero to 100 after threat acquisition, before and after extinction learning

and re-extinction.
Psychophysiological measures

Startle responses and SCRs were again used as psychophysiological measures of threat
conditioning. Data recording and psychophysiological measurement was identical to Study 1
(see section 2.2.4). Briefly, recording was performed with a V-Amp 16 amplifier and the soft-
ware Vision Recorder (Version 1.03.0004, Brain Products Inc., Munich Germany). An online
notch-filter of 50 Hz, a sampling rate of 1000 Hz, and the software Brain Vision Analyzer
(Version 2.0, Brain Products Inc., Munich German) were used. Electrode placement and re-
sponse definition was the same as in Study 1 and in accordance with Blumenthal et al. (2005)
and Boucsein et al. (2012) for startle response and SCR, respectively. Offline analyses com-
prised a 28 Hz low-cutoff and a 400 Hz high-cutoff filter for startle responses and a 1 Hz high-

cutoff filter for SCRs. Non-responders were again defined as participants with a mean raw
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amplitude over all phases of <5 uV or < 0.02 uS for startle response and SCR, respectively.
Startle responses were again within-subject T-transformed for each experimental day sepa-
rately. SCRs were log10 transformed. For threat acquisition and re-extinction, a total number

of 8 trials per CS (and ITTI for startle response) were available for startle response and SCR

analyses. These were aggregated to a mean response per learning phase. Due to the increase in
extinction trials in Study 2, the number of trials during extinction learning was 12 per CS (and
ITI) separated into two learning blocks (i.e., six trials per CS per block). For each stimulus a
mean was calculated for each block. The last two trials of extinction learning and the first two
trials of re-extinction were averaged respectively for both psychophysiological measures to
analyze memory recall. For startle response, there must have been a minimum of two responses
per mean for data aggregation of threat acquisition, extinction learning, and re-extinction anal-
yses. Participants were further excluded from analyses of memory recall when there no artefact
trials for mean aggregation of the last two trials of extinction learning and first trials of re-

extinction.

3.2.5 Statistical analysis

For statistical analyses, the program R 3.5.1 (R Core Team, 2018) and the packages afex
(Singmann et al., 2019) and emmeans package (Lenth, 2018) were used for analyses of variance
and post-hoc simple contrast analyses. Significance level was set to p <.050, effect size index
was partial n?, Bonferroni correction and Greenhouse-Geisser correction of degrees of freedom

were applied where necessary.

For validation of the stress manipulation repeated-measures ANOV As were analyzed for
cortisol level — as second-wave stress response marker -, systolic and diastolic blood pressure
and pulse — as sympathetic measures of the first-wave stress response — with the between-
subjects factor group (stress, sham) and within-subject factor phase (for cortisol: baseline, 30
min after stress induction; for sympathetic measures: baseline, during stress induction, 30 min
after stress induction). To check for the trajectory of stress measures repeated-measures 2
(group) x 2 (phase: beginning of experimental day, end of experimental day) ANOVAs were

calculated for each experimental day separately.

Analyses for the threat conditioning paradigm are almost identical to Study 1. For all
measures (i.e. startle response, SCR, and ratings) and for each learning phase separately, re-

peated-measures ANOVAs were calculated with the between-subjects factor group (stress,
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sham) and within-subject factor stimulus (CS+, CS-). For the analyses of extinction learning
for startle response and SCR, the within-subject factor phase (first block, second block) was
added. Analyses of the ratings (valence, arousal, fear, and US-expectancy ratings) comprised
the within-subject factor phase in all phases (acquisition and re-extinction: pre, post; extinction
learning: pre, block 1, post). Only for analysis of US-expectancy ratings during acquisition, the

factor phase was omitted due to ratings only at post acquisition.

Memory recall analyses comprised the above mentioned between-subjects factor group
as well as the within-subject factor stimulus. As in Study 1, the factor phase (for startle re-
sponses and SCR: mean over last two trials of extinction, mean over first two trials of re-ex-

tinction; for valence, arousal, and fear ratings: post extinction, pre re-extinction) was added.

Exploratory analyses were again conducted to analyze the effect of stress on threat con-
ditioning more extensive. Therefore, Pearson’s product-moment correlations were calculated
between the increase in cortisol level (i.e., difference between levels 30 min after stress induc-
tion and baseline on the stress day) or the sum of all stress ratings (i.e., unpleasantness, stress-
fulness, and painfulness of the hand immersion) with the mean psychophysiological responses
(startle response and SCR) of the CSs (CS+ and CS-; for startle response the mean response of
ITI was subtracted from each CS, T-scores) separately for each group during the learning
phases. In detail, for acquisition the mean responses for each CS, for extinction learning the
mean responses for each CS for the first and second block, and for memory recall the mean
over the first two trials of re-extinction for each CS. Correlational analyses for sympathetic
stress measures (i.e. blood pressure and pulse) were omitted to avoid multiple, extensive test-
ing. Cortisol level was chosen to be consistent with Study 1. Moreover, stress ratings were
considered as psychological and subjective measure of the stress response. In addition, the
habituation startle reactivity was assessed by conducting a one-factorial ANOVA comprising
the between-subjects factor group (stress, sham). Again, the US-reactivity (measured via SCRs
during acquisition) was analyzed via a one-factorial ANOVA with group (stress, sham) as be-

tween-subjects factor.

Variations of state anxiety (Laux et al., 1981) and the positive as well as the negative
mood (Krohne et al., 1996) was again analyzed via repeated-measures ANOVAS with the be-
tween-subjects factor group and the within-subject factors phase (stress day: 30 min after stress
induction, end of experiment; threat acquisition, extinction learning, re-extinction: beginning
of experiment, end of experiment) and day (stress day, threat acquisition, extinction learning,

re-extinction). As sample sizes differed between experimental days due to drop out, the number
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of participants for memory recall and re-extinction was reduced. Moreover, only the partici-
pants of the remote recall groups (i.e., re-extinction 14 Days after extinction learning) were

selected for these analyses.
3.3 Results

3.3.1 Manipulation check
Cortisol level

The 2 (phase) x 2 (group) ANOVA for stress-induction validation for cortisol level re-
turned no significant main effect of phase (F(1, 87) =3.29, p =.073, n,z) =.04) or group (F(1,
87) = 1.43, p = .235, n; = .02), but their interaction (F(1, 87) = 22.53, p <.001, n,; = .21).
Subsequent post-hoc simple contrasts (Bonferroni corrected @ < .012) indicated an increase in
cortisol level from baseline to 30 min after stress induction for the stress group (F(1, 87) =
21.76, p <.001, g = .20), but not the sham group (F(1, 87) =4.25, p =.042, nj = .05). While
there was no group differences at baseline (F(1, 87) =5.56, p =.021, nzz, =.06), the stress group
had higher cortisol levels in comparison to the sham group (F(1, 87) = 11.13, p = .001, 77;% =
.11; see Figure 13 A).

To check for the further trajectory of the cortisol level during the remaining experiment
the 2 (phase) x 2 (group) ANOVAs revealed no significant main effects of phase (F(1, 86) =
1.07, p =.305, n,z) =.01), group (£(1, 86)=1.16, p = .285, rhz, =.01), nor their interaction (F(1,
86) = 3.69, p = .058, 1, = .04) for the acquisition day.

For extinction day, the ANOVA returned a significant main effect of phase (F(1, 86) =
13.62, p <.001, rhz, =.14), indicating a decrease in cortisol level from the beginning to the end

of the experimental day (see Figure 14 A). However, no effect involving the factor group turned

out significant (all p-values > .800).

Seventeen Days later at the re-extinction, analysis showed a significant main effect of
phase (F(1, 58) =9.64, p =.003, rhz, =.14), groups (F(1, 58) = 8.49, p =.005, rhz, =.13) but not
their interaction (F(1, 58) = 3.89, p =.053, rhz) =.06). As can be seen in Figure 14 A, the sham
group displayed higher cortisol levels at both time points of re-extinction in comparison to the

stress group.

Taken together, the stress group showed an increase in cortisol level due to the SECPT,

whereas the sham group did not show any changes during the stress day. However, the sham
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Figure 13. Manipulation check of Study 2.

Depicted are the changes in cortisol level (A), systolic (B), diastolic blood pressure (C), and pulse (D)
after either SECPT or sham protocols (blue bar) for the stress group (solid black lines) or the sham
group (dashed gray lines). Significant increases from baseline to during stress were found in the stress
(vs. sham) group for systolic and diastolic blood pressure, as well as 30 min after stress induction for
cortisol level. Furthermore, blood pressure levels decreased again 30 min after stress induction. Nota-
bly, the sham group had higher pulse values in comparison to the stress group during all measurement
points of the stress day. Error bars indicate standard errors. Bonferroni-corrected simple contrasts

*p <.05;* p<.01; *** p <.001; main effect group ## p < .01.

group displayed higher cortisol levels during re-extinction. Because of the group differences,
additional analyses with the mean cortisol levels over pre and post re-extinction samples as
covariate were carried out for the memory recall and re-extinction analyses of the ratings (i.e.,
valence, arousal, fear, US-expectancy ratings), startle response, and SCR. Analyses can be
found in the Annex section 7.1.4. Because the covariate did not interact with the factor of stim-

ulus or group for all analyses, it was not included into initial analyses.
Blood pressure & pulse

Manipulation check 3 (phase) x 2 (group) repeated-measures ANOV As for sympathetic
markers of the stress response (i.e., systolic (sysBP) and diastolic blood pressure (diaBP) and
pulse) returned a significant main effect of phase (sysBP: F(2, 174) = 13.98, p <.001, 77;% =.14;
diaBP: F(2, 174) =22.66, p <.001, nj = .21; pulse: F(1.59, 138.15) =3.38, p =.048, n; = .04)
and group (sysBP: F(1, 87) =9.91, p = .002, n; = .10; diaBP: F(1, 87) =9.19, p = .003, nj =
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.10; pulse: F(1, 87) =8.10, p = .006, nf, =.09) for all sympathetic measures. For pulse, results
indicate higher values for the sham group (vs. stress) during all measurement points of the
experimental day (see Figure 13 D) and post-hoc simple contrasts following the main effect
phase (Bonferroni corrected a < .017) show no differences in pulse values between baseline
and stress induction (F(1, 87) =1.04, p = .310, 77;% =.01) and 30 min later (F(1, 87)=2.62, p =
.109, rhz, =.03). Additionally, values during stress induction did not differ with values 30 min
later (F(1, 87) = 5.03, p = 027, n,z) = .05).
Furthermore, the interaction Phase x Group reached significance for blood pressure measures
(sysBP: F(2, 174) =20.29, p <.001, nj = .19; diaBP: F(2, 174) = 30.62, p < .001, nj = .26),
but not pulse (F(1.59, 138.15) < 1, p = .456, n; < .01). Following the interactions with post-
hoc simple contrasts (Bonferroni corrected a < .006) revealed an increase in blood pressure

from baseline to during stress induction for the stress group (sysBP: F(1, 87)=22.89, p <.001,
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Figure 14. Trajectory of stress measures during threat conditioning paradigm of Study 2.

Changes in cortisol level (A), systolic (B), diastolic blood pressure (C), and pulse (D) during the exper-
imental days of the threat conditioning paradigm (i.e., acquisition, extinction learning, re-extinction).
Black lines represent the stress and gray lines the control group. Analyses revealed a decrease from
the beginning to the end of experimental day for systolic blood pressure and pulse during acquisition,
cortisol level and pulse during extinction learning, and cortisol, systolic blood pressure, and pulse during
re-extinction. The stress group displayed higher systolic blood pressure during extinction learning. In-
terestingly, the sham (vs. stress) group had higher pulse values during all experimental days of the
threat conditioning paradigm and higher cortisol levels during re-extinction. Error bars indicate standard
errors. Main effect group # p < .05; ## p < .01; ### p < .001.
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77129 =.21; diaBP: F(1, 87) = 72.83, p < .001, rhz, = .46; see Figure 13 B-C), which decreased
again 30 min after stress induction (sysBP: F(1, 87) = 38.21, p <.001, n,; = .31; diaBP: F(1,
87) = 83.74, p <.001, n; = .49). Blood pressure levels for the stress group were lower 30 min
after stress induction in comparison to baseline level (sysBP: F(1, 87) = 6.50, p = .013, n; =
.07; diaBP: F(1, 87) <1, p =752, nj < .01). For the sham group, only sysBP decreased from
baseline to during stress induction (sysBP: F(1, 87) = 19.49, p < .001, 7712, =.18; diaBP: F(1,
87) = 6.64, p = .012, n; = .07). Levels did not show any change from during stress induction
to 30 min later (sysBP: F(1, 87) <1, p = .866, n,z) <.01; diaBP: F(1,87) =2.37,p = .128, ny; =
.03). Furthermore, blood pressure levels were lower 30 min after stress induction in comparison
to baseline (sysBP: F(1, 87) = 15.84, p <.001, n, = .15; diaBP: F(1, 87) = 12.45, p <.001, 7712,
= .13). When comparing the stress and sham group, no differences were found at baseline
(sysBP: F(1, 87) < 1, p = .565, nj; < .01; diaBP: F(1, 87) = 2.13, p = .148, n; = .02). and 30
min after stress induction (sysBP: F(1, 87) =2.53, p = .116, rhz, =.03; diaBP: F(1, 87) = 3.18,
p=.078, 7712, =.04). However, the stress group (vs. sham) showed higher blood pressure levels
during stress induction (sysBP: F(1, 87) = 37.42, p <.001, n; = .30; diaBP: F(1, 87) = 54.42,
p <.001, nj = .39; see Figure 13 B-C).

The 2 (phase) x 2 (group) repeated-measures ANOVA for the acquisition day returned a
significant main effect of phase for pulse (F(1, 87) =22.66, p <.001, n; =.21) and sysBP (F(1,
87) = 10.62, p = .002, n; = .11) but not diaBP (#(1, 87) <1, p = .491, 77;% <.01), showing a
decrease from the beginning to the end of the aquisition day (see Figure 14 B & D). Moreover,
only pulse showed a significant main effect of group (F(1, 87) = 6.35, p =.014, rhz, =.07) but
not the blood pressure measures (sysBP: F(1, 87) <1, p = .360, 77;% <.01; diaBP: F(1, 87) =
1.22, p = 273, n; = .01), displaying higher pulse measures for the sham in comparison to the
stress group (see Figure 14 D). The interaction Phase x Group did not reach significance for
any measure (sysBP: F(1, 87) <1, p =.779, rhz, <.01; diaBP: F(1, 87) = 2.77, p = .100, ny; =
.03; pulse: F(1, 87) =1.00, p = .320, n; = .01).

Analyses for extinction day revealed a significant main effect of phase only for pulse
(pulse: F(1, 87) =24.76, p <.001, nj = .22; sysBP: F(1, 87) =3.18, p = .078, n; = .04; diaBP:
F(1,87) <1, p = 414, rhz) <.01) and a significant main effect of group for pulse and sysBP
(pulse: F(1, 87)=7.55, p =.007, 77;% =.08; sysBP: F(1, 87) = 4.03, p = .048, n;; = .04; diaBP:

F(1,87)<1,p=.435, 7712, <.01). Thus, indicating a decrease from beginning to end of extinction
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learning for pulse. In addition, the stress (vs. sham) group showed lower pulse levels but higher
sysBP levels throughout the experimental day (see Figure 14 B & D). The interaction Phase x
Group did not reach significance for all measures (pulse: F(1, 87) < 1, p = .741, 7712, <.01;

sysBP: F(1, 87) =2.14, p = .147, 2 = .02; diaBP: F(1, 87) < 1, p = 989, n2 < .01).

At re-extinction, repeated-measures ANOV As yielded a significant main effect of phase
for pulse and sysBP (pulse: F(1, 59) =4.17, p = .046, nzz, =.07; sysBP: F(1, 59) =22.07, p <
001, ny = .27, diaBP: F(1, 59) <1, p = .599, 7712, <.01). As can be seen in Figure 14, pulse and
sysBP decreased over the course of the re-extinction day. Again, the main effect of group was
only significant for pulse (pulse: F(1, 59) =4.49, p = .038, n,z) =.07; sysBP: F(1,59)=1.43,p
= .237, n,z) =.02; diaBP: F(1, 59) < 1, p = .597, rhz, < .01), but no Phase x Group interaction
(pulse: F(1,59)=1.03, p=.315, 7712, =.02; sysBP: F(1,59)<1,p=.874, 77;% <.01; diaBP: F(1,
59)<1,p=.641,n5 <.01).

In sum, stress induction was successful for blood pressure measures, evident in increased
systolic and diastolic blood pressure from baseline to stress induction. For pulse, the stress
group showed lower levels in comparison to the sham group during all experimental days (i.e.,
stress, acquisition, extinction, re-extinction). Moreover, the stress (vs. sham) group showed
higher systolic blood pressure during extinction learning. Otherwise, stress and sham group did
not differ in blood pressure measures. However, as groups differed in their trajectory regarding
pulse and sysBP, additional analyses were carried out in the following manner: Because of the
group differences in sysBP during extinction learning, ANCOVAs were calculated with the
mean of pre and post sysBP measures as covariate for extinction learning analyses of ratings,
startle response, and SCR (for full analyses see Annex section 7.1.5). As groups differed re-
garding their pulse values during threat acquisition, extinction learning, and re-extinction, AN-
COVAs with the mean of pre and post pulse values for the respective learning phase were
implemented for treat acquisition, extinction learning, memory recall, and re-extinction anal-
yses of the ratings, startle response, and SCR (see Annex section 7.1.6). For all additional anal-
yses, the covariates did not interact with the factor of stimulus or group and was therefore

omitted from initial analyses.
Stress ratings

One-way ANOVAs for the stress ratings directly after the stress induction returned a

significant main effect of group for unpleasantness (F(1, 87) = 284.83, p < .001, n,; = .77),
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stressfulness (F(1, 87) = 101.94, p < .001, nf, =.54), and painfulness (F(1, 87) = 190.42, p <
001, n5 =.69), showing higher ratings for stress group in comparison to the sham group (see

Figure 15).

3.3.2 Threat conditioning results
Ratings

Threat acquisition. The 2 (phase) x 2 (stimulus) x 2 (group) repeated-measures ANO-
VAs for valence, arousal, and fear ratings returned a significant main effect of phase (valence:
F(1,87)=137.15, p <.001, 7712, = .30; arousal: F(1, 87) = 35.58, p <.001, 7712, =.29; fear: F(1,
87)=106.57, p <.001, rhz, =.55) and stimulus (valence: F(1, 87) =22.94, p <.001, nzz, = 21;
arousal: F(1, 87) = 32.29, p <.001, nj = .27; fear: F(1, 87) =26.51, p <.001, nj = .23). The
significant interactions Phase x Stimulus (valence: F(1, 87)=24.80, p <.001, 7712, =.22; arousal:
F(1,87)=11.99, p <.001, ny; = .12; fear: F(1, 87) = 23.80, p < .001, n, = .21) were followed
by post-hoc simple contrasts (Bonferroni corrected a < .025), revealing successful fear acqui-
sition, evident in the absence of CS+/CS- differentiation before acquisition (valence: F(1, 87)

<1,p=.526,n5 < .01; arousal: F(1, 87)=4.58, p=.035, nj = .05; fear: F(1, 87) <1, p =540,
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Figure 15. Stress ratings of Study 2.
Boxplots (with medians as lines and means as diamonds) of stress ratings (unpleasantness (A), stress-
fulness (B), and painfulness (C) ratings) directly after the stress induction for the stress (black) and the
sham group (gray). For all ratings, the stress group had higher stress ratings in comparison to the sham
group. Main effect group *** p < .001.
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n,z) < .01) and more aversive ratings for the CS+ in comparison to the CS- after acquisition
(valence: F(1, 87) = 47.92, p < .001, n; = .36; arousal: F(1, 87) = 43.09, p <.001, n, = .33;
fear: F(1, 87)=50.44, p <.001, 7712, =.37; see Figure 16 A-C). For US-expectancy ratings, the
main effect stimulus was significant (F(1, 87) = 266.68, p < .001, n,z) =.75), indicating suc-
cessful CS+/CS- differentiation (see Figure 16 D).

Groups did not differ during threat acquisition, as neither the main effect of group (va-
lence: F(1, 87) = 1.22, p = 272, n; = .01; arousal: F(1, 87) = 1.73, p = .192, n; = .02; fear:
F(1,87)=2.88, p=.093, nf, =.03; US-expectancy: F(1, 87) <1, p = .744, nzz, <.01) for all
ratings nor any interaction involving the factor group for valence, arousal, and fear ratings (all

p-values > .325).

To sum up, threat acquisition was successful for all ratings. However, groups did not

differ regarding their CS+/CS- differentiation during acquisition.
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Figure 16. Overall ratings of Study 2.

Lines (with standard errors) depict ratings (A. Valence, B. Arousal, C. Fear, & D. US-expectancy rat-
ings) collapsed over groups for the CS+ (black lines) and CS- (gray lines). Overall fear acquisition was
successful, evident in more unpleasant, arousing, and fearful ratings as well as more US-continency for
CS+ (vs. CS-). During extinction learning the initial CS+/CS- differentiation diminished over time for all
ratings. 14 Days later during re-extinction, CS+ (vs. CS-) was persistently rated as more negative,
arousing, and fearful and with higher US-expectancy at both measurement time points. Bonferroni-
corrected simple contrasts * p < .05; ** p < .01; *** p < .001; main effect stimulus # p < .05; ## p < .01;
### p < .001. Note: Depicted effects during re-extinction day show statistical results of re-extinction
analyses, not memory recall analyses.
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Extinction learning. The 3 (phase; for US-expectancy ratings only 2 factor levels) x 2
(stimulus) x 2 (group) repeated-measures ANOV As revealed a significant main effect of phase
only for US-expectancy ratings (valence: F(1.58, 137.63) < 1, p = .763, 7712, < .01; arousal:
F(1.69, 146.81)=2.11, p = .133, nj = .02; fear: F(1.72, 149.74)=1.96, p =151, nj = .02; US-
expectancy: F(1, 87) = 435.50, p < .001, n,z) = .83), a main effect of stimulus for all ratings
(valence: F(1, 87) = 17.19, p < .001, 3 = .16; arousal: F(1, 87) = 42.68, p <.001, 3 = .33;
fear: F(1, 87) =25.07, p <.001, 77;% =.22; US-expectancy: F(1, 87) = 140.93, p < .001, 7712, =
.62), as well as their interaction (valence: F(1.68, 146.42) = 12.25, p <.001, rhz) =.12; arousal:
F(1.76, 153.06) = 21.70, p < .001, nj = .20; fear: F(1.58, 137.27) = 34.86, p < .001, nj = .29;
US-expectancy: F(1,87) = 132.74, p <.001, n;, = .60). Post-hoc contrasts (Bonferroni corrected
a for valence and arousal < .017; for fear < .006; for US-expectancy < .025) show CS+/CS-
differentiation pre extinction learning (valence: F(1, 87) = 28.7, p < .001, 7712, = .25; arousal:
F(1,87)=55.46, p <.001, ny; = .39; fear: F(1, 87)=51.51, p <.001, n; = .37, US-expectancy:
F(1,87)=157.64, p <.001, nj = .64) and after Block 1 (valence: F(1, 87) = 6.88, p=.010, 13
=.07; arousal: F(1, 87)=30.42, p <.001, nzz, =.26; fear: F(1,87)=11.13, p=.001, nzz, =.11).
Post extinction, the difference between CS+ and CS- diminished (valence: F(1, 87) =2.36,p =
128, ny = .03; arousal: F(1, 87) = 3.06, p = .084, n,; = .03; fear: F(1, 87) <1, p = 371, 7712, <
.01; US-expectancy: F(1, 87) =5.10, p =.026, nzz, =.006; see Figure 16).

For valence, arousal, fear, and US-expectancy ratings, no group differences were found
during extinction learning, evident in no significant effect involving the factor group (all p-
values > .104), except for the 3-way interaction Phase x Stimulus x Group in fear ratings
(F(1.58, 137.27) = 4.20, p = .025, rhz, =.05). Following the significant interaction with addi-
tional post-hoc simple contrasts (as reported earlier Bonferroni corrected a <.006) revealed a
significant CS+/CS- differentiation at pre extinction learning (F(1, 87) = 29.59, p <.001, n; =
.25), which was absent at Block 1 (F(1, 87)=1.71, p=.194, 7712, =.02) and post extinction (F(1,
87)=1.07, p = .304, 7712, =.01) for the sham group. For the stress group, a differentiation be-
tween the CSs was found pre extinction (F(1, 87) = 22.15, p <.001, 77129 =.20), and also after
Block 1 (F(1, 87)=1.71, p = .194, rhz, =.02), whereas post extinction the differentiation de-
clined (F(1, 87)=1.07, p =.304, 77;% =.01; see Figure 17). Thus, indicating deferred extinction

learning for the stress group.
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Fear ratings
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Figure 17. Fear ratings of Study 2 divided by groups.

Lines (with standard errors) depict fear ratings for the CS+ (black lines) and CS- (gray lines) divided by
groups (A. stress group, B. sham group). While the sham group only displayed CS+/CS- differentiation
prior to extinction learning and not after block 1 or after, differentiation of the stress group sustained
until block 1, indicating deferred extinction learning. Bonferroni-corrected simple contrasts * p < .05; **
p<.01; ** p<.001.

Taken together, extinction learning was successful for all ratings, as CS+/CS- differenti-
ation decreased from pre extinction learning to Block 1 and post extinction. While for valence,
arousal, and US-expectancy ratings no group differences occurred, the stress (vs. sham) group

displayed deferred extinction learning.

Memory recall. Results of the 2 (phase) x 2 (stimulus) x 2 (group) repeated-measures
ANOVAs indicated a significant main effect of phase only for US-expectancy ratings (F(1, 59)
=164.12, p <.001, nzz, =.74), but not for the other ratings (valence: F(1, 59) <1, p =.369, rhz,
=.01; arousal: F(1,59)<1, p=.931, rhz, <.01; fear: F(1,59)<1,p=.772, nzz, <.01). The main
effect stimulus (valence: F(1, 59) = 16.91, p < .001, 7712, = .22; arousal: F(1, 59) =943, p =
003, n, = .14; fear: F(1, 59) = 8.20, p = .006, n, = .12; US-expectancy: F(1, 59) =48.81, p <
.001, nzz, = .45) as well as the interaction Phase x Stimulus (valence: F(1, 59) = 6.75, p = .012,
1y = .10; arousal: F(1, 59) =4.31, p =.042, nj = .07; fear: F(1, 59) =5.10, p = .028, nj = .08;
US-expectancy: F(1, 59) = 53.40, p <.001, 77;% = .48) returned significant for all ratings. Post-
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hoc simple contrasts (Bonferroni corrected a <.025) revealed that the CS+/CS- differentiation,
which was not present at the end of extinction learning (arousal: F(1, 59) = 1.63, p = .207, rhz,
=.03; fear: F(1,59)=1.49, p=.227, rhz, =.02; US-expectancy: F(1, 59) =2.50, p=.119, n, =
.04) returned at the beginning of re-extinction (arousal: F(1, 59) = 11.40, p = .001, 77;% =.16;
fear: F(1, 59) = 9.78, p = .003, n;; = .14; US-expectancy: F(1, 59) = 59.40, p <.001, n; = .50)
for arousal, fear, and US-expectancy ratings, suggesting spontaneous recovery on a subjective
level (see Figure 16). For valence ratings, CS+/CS- differentiation was significant at both time

points, at the end of extinction learning (F(1, 59)=5.38, p=.024, 7712, =.08) and at the beginning
of re-extinction (F(1, 59) = 18.10, p <.001, 77;% =.23).

Moreover, no effect involving the factor group reached significance for all ratings (all p-

values > .093).

In sum, all ratings show overall spontaneous recovery, as CS+/CS- differentiation re-
turned at the beginning of re-extinction. For valence ratings, a CS differentiation was also
found at the end of extinction learning, which contradicts extinction learning results. However,
it has to be kept in mind that for memory recall analyses 28 participants were excluded. There-

fore, the different results can be explained by power differences due to different sample sizes.

Re-extinction. Results of the 2 (phase) x 2 (stimulus) x 2 (group) repeated-measures
ANOVAS show that the main effect of phase was only significant for US-expectancy ratings
(F(1,59)=104.06, p <.001, n,z) =.64), but not for the other ratings (valence: F(1,59)<1,p =
460, 77;% <.01; arousal: F(1, 59) = 1.43, p = 237, n, = .02; fear: F(1, 59) = 1.90, p = .173, 7712,
= .03), whereas the main effect stimulus was significant for all ratings (valence: F(1, 59) =
21.55, p<.001, nzz, =.27; arousal: F(1, 59)=12.84, p <.001, nzz, =.18; fear: F(1,59)=16.49,
p <.001,n3 = .22; US-expectancy: F(1, 59) =70.35, p <.001, nj = .54). The interaction Phase
x Stimulus was significant only for valence (F(1, 59) = 4.36, p = .041, n; = .07) and US-
expectancy (F(1, 59) =34.63, p <.001, n; = .37) but not arousal (F(1, 59) = 1.42, p= 239, n;
=.02) and fear ratings (¥(1, 59) <1, p =.989, rhz) <.01). The significant two-way interactions
for the respective ratings were followed by post-hoc simple contrasts (Bonferroni corrected a
<.025) revealed that the CS+/CS- differentiation was significant pre re-extinction (valence:
F(1,59)=18.10, p <.001, 7712, =.23; US-expectancy: F(1, 59) = 59.40, p <.001, 7712, =.50) as
well as post re-extinction. (valence: F(1, 59) = 14.84, p <.001, 7712, =.20; US-expectancy: F(1,

59)=9.54, p =.003, n,z) =.14; see Figure 16), indicating impaired re-extinction for all ratings.
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Moreover, groups did not differ as no effect involving the factor group returned signifi-

cant (all p-values > .161).

Taken together, re-extinction was overall impaired for all ratings, as CS+ was rated as
more negatively during both, pre and post measurement points. No group differences were

found during re-extinction.
Startle response

Threat acquisition. The 2 (stimulus) x 2 (group) Repeated-measures ANOVAS reveal a
significant main effect of stimulus (¥(1, 87) = 6.35, p = .014, 7712, =.07), indicating startle po-
tentiation for the CS+ in comparison to the CS- (see Figure 18). Beyond that, neither the main
effect group (F(1, 87) <1, p=.453, nzz, <.01) nor the interaction Stimulus x Group (F(1, 87) <

1, p= 887, nj <.01) returned significant.

In sum, threat acquisition was successful as discriminative startle potentiation was found

for CS+ vs. CS-. Moreover, groups did not differ.

Extinction learning. Results of the 2 (phase) x 2 (stimulus) x 2 (group) repeated-
measures ANOVA vyielded no significant main effect of phase (F(1, 87) <1, p = .681, n% <

.01) or stimulus (F(1, 87) = 1.65, p = .202, n; = .02), but their interaction (F(1, 87) = 10.91,
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Figure 18. Overall startle response of Study 2.

Boxplots (with medians as lines and means as diamonds) of the startle response collapsed over groups
for the CS+ (black) and CS- (gray) during acquisition, extinction, and re-extinction phase. Results indi-
cate successful fear acquisition and extinction learning, as startle was potentiated to CS+ (vs. CS-)
during acquisition, which diminished during extinction. Furthermore, there was no of CS+/CS- differen-
tiation evident during the re-extinction phase. Bonferroni-corrected simple contrasts * p < .05; ** p < .01;
*** p < .001; main effect stimulus # p < .05; ## p < .01; ### p < .001.
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p =.001, rhz) =.11). The significant interaction was followed by simple-contrasts (Bonferroni
corrected a <.025), resulting in a significant CS+/CS- differentiation during the first block of
extinction trials (F(1, 87) = 8.83, p = .004, n;; = .09), which was absent during the second block
of trials (F(1, 87)=1.77, p = .187, 77;% =.02; see Figure 18). Besides, no effect involving the

factor group reached significance (all p-values > .181).

Taken together, extinction learning was successful as startle potentiation for CS+ in com-

parison to CS- decreased over the blocks of extinction. No group differences were found.

Memory recall. The 2 (phase) x 2 (stimulus) x 2 (group) ANOVA results show no sig-
nificant main effect of phase (F(1, 59) = 3.19, p = .079, n; = .05) or stimulus (#(1, 59) = 2.90,
p =.094, nj = .05), but their interaction (F(1, 59) = 7.65, p = .008, nj = .11). Following the
interaction with simple-contrasts (Bonferroni corrected @ < .025) revealed an inrease in dis-
criminative responses for CS+ vs. CS- from the last two trials of extinction learning (F(1, 59)
= 1.03, p = 315, n,; = .02) to the first two trials of re-extinction (F(1, 59) = 8.85, p = .004, 7712,
= .13; see Figure 19). Moreover, no effect involving the factor group returned significant (all

p-values > .178).

To sum up, spontaneous recovery occurred, as CS+/CS- differentiation returned from the
end of extinction to the beginning of re-extinction 14 Days later. Groups, however, did not

show any differences during memory recall.
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Figure 19. Overall memory recall for startle response of Study 2.

Lines (with standard errors) for CS+ (black lines) and CS- (gray lines) for the end of extinction learning
(i.e., mean over last two startle responses) and beginning of re-extinction (mean over first two startle
responses) collapsed over all groups. Results indicate overall spontaneous recovery, as CS+/CS- dif-
ferentiation enhanced from the end of extinction learning to the beginning of the re-extinction phase.
Bonferroni-corrected simple contrasts * p < .05; ** p < .01; *** p < .001.
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Re-extinction. Results of the 2 (stimulus) x 2 (group) ANOVA returned neither a signif-
icant main effect of stimulus (F(1, 59) = 1.97, p = .165, rhz, =.03), group (F(1,59)<1,p =
544, 7712, < .01), nor their interaction (F(1, 59) < 1, p = .437, n; = .01), indicating no further

CS+/CS- differentiation during re-extinction and no group differences.
SCR

Threat acquisition. The 2 (stimulus) x 2 (group) ANOVA returned a significant main
effect of stimulus (F(1, 80) = 18.17, p <.001, n,; = .19), indicating successful discrimination
between CS+ and CS- during acquisition (see Figure 20). Groups however did not differ, as
neither the main effect of group (F(1, 80) <1, p = .384, rhz) <.01) nor the interaction Stimulus
x Group (F(1,80) <1, p=.692, n,z) <.01) were significant.

In sum, results illustrate successful threat acquisition, evident in CS+/CS- differentiation

but no group differences.
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Figure 20. Overall SCR and group-divided SCR for re-extinction of Study 2.

Boxplots (with medians as lines and means as diamonds) of the SCR collapsed over groups (A) for the
CS+ (black) and CS- (gray) during threat acquisition, extinction learning, and re-extinction. Furthermore,
SCR for stress (B) and sham group (C) during re-extinction are shown. Overall results indicate suc-
cessful threat acquisition, as the CS+ elicited greater SCRs in comparison to the CS-. Extinction learn-
ing was impaired, as CS+/CS- differentiation persisted throughout the two blocks of trials. At re-extinc-
tion, no further differentiation was found. Group wise, there was a trend towards increases SCRs to the
CS- in the stress (vs- sham) group during re-extinction. Main effect stimulus # p < .05; ## p < .01; ###
p <.001.
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Extinction learning. The 2 (phase) x 2 (stimulus) x 2 (group) repeated-measures

ANOVA revealed a significant main effect of phase (F(1, 80) =10.16, p =.002, rhz) =.11) and
stimulus (F(1, 80) = 8.39, p =.005, 7712, =.09) but not their interaction (F(1, 80) <1, p =.634,
77;% <.01). Moreover, no effect involving the factor group reached significance (all p-values >

137).

Taken together, extinction learning was overall impaired, as CS+/CS- differentiation was

evident over both blocks of trials (see Figure 20). However, no group differences occurred.

Memory recall. Results of the 2 (phase) x 2 (stimulus) x 2 (group) ANOVA returned no
significant main effect of phase (F(1, 56) =1.11, p = .296, rhz, =.02), stimulus (F(1, 56) <1, p
=.636, 77129 < .01) or their interaction (F(1, 56) < 1, p = .460, rhz, <.01). Moreover, no effect

involving the factor group reached significance (all p-values > .181).

In summary, extinction recall was overall successful, as CS+/CS- differentiation was ab-

sent (see Figure 21). Again, no group differences were found.

Re-extinction. The 2 (stimulus) x 2 (group) ANOVA did not return a significant main
effect of stimulus (F(1, 56) <1, p =.931, 77;% <.01), or group (F(1, 56) = 1.54, p= 219, n; =
.03) but their interaction (F(1, 56) = 4.85, p = .032, n,;, = .08). Simple-contrasts (Bonferroni
corrected a <.012) revealed that neither the stress (F(1, 56) =2.09, p =.153, nzz, =.04) nor the
sham group (F(1, 56)=2.81, p=.099, nzz, =.05) displayed a significant CS+/CS- discrimination
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Figure 21. Overall memory recall for SCR of Study 2.

Lines (with standard errors) for CS+ (black lines) and CS- (gray lines) for the end of extinction learning
(i.e., mean over last two SCR) and beginning of re-extinction (mean over first two SCR) collapsed over
all groups. Results indicate overall successful extinction recall, as there was no CS+/CS- differentiation
evident at either time point.
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during re-extinction. In addition, the stress did not show higher SCR to the CS- (F(1, 56) =
5.58, p=.022, n,z) =.09) or CS+ (F(1,56) <1, p=.978, rhz, <.01) in comparison to the sham
group (see Figure 20 B & C).

Taken together, overall re-extinction was successful, as no CS+/CS- differentiation was
evident. However, the significant Stimulus x Group interaction and the trend-wise post-hoc

simple contrast suggest higher SCRs to the CS- for the stress group in comparison to the CS-.

3.3.3 Exploratory analyses
Correlational analyses

As in Study 1, the possible modulation of threat conditioning by distal stress was inves-
tigated by exploratory Pearson’s product-moment correlational analyses between the measure-
ments of the stress response (i.e., increase in cortisol level after stress induction and the sum of
stress ratings) and mean psychophysiological responses to the CSs for startle response and SCR
during the learning phases of the paradigm. A summary of correlational results for startle re-

sponse and SCR can be found in Table 7.

For threat acquisition, the increase in cortisol level on the stress day did neither signifi-
cantly correlate with the mean startle response of the CS+ (stress: 7(43) =.002, p = .991; sham:
r(42)=-211, p=.169) and CS- (stress: (43) =.172, p = .258; sham: r(42) =-.077, p = .621)
nor with the mean SCR of CS+ (stress: 7(40) = .068, p = .670; sham: »(38) = .144, p = .375)
and CS- (stress: 7(40) = .230, p = .143; sham: »(38) = -.118, p = .470) for both groups. Inter-
estingly, the sum of stress ratings after stress induction significantly positively correlated with
the mean startle response of the CS- for the stress ((43) =.378, p =.010; see Figure 22 A-B),
but not the sham group (1(42) = .222, p = .148). Otherwise, the stress ratings did not correlate
with startle response of the CS+ (stress: 7(43) = .284, p = .059; sham: (42) = .120, p = .439)
or the mean SCR response for CS+ (stress: 7(40) = .225, p =.152; sham: #(38) = .241, p = .135)
or CS- (stress: #(40) =.168, p = .287; sham: r(38) =.126, p = .439).

Correlational analyses for the mean psychophysiological responses of the two blocks of
extinction learning revealed for neither group a significant association between cortisol level
and mean startle response for CS+ during Block 1 (stress: 7(43) = -.064, p = .678; sham: r(42)
=-.057, p = .712) or Block 2 (stress: 7(43) = -.182, p = .232; sham: #(42) = .029, p = .854).
Interestingly, the stress (but not sham) group displayed a significant negative correlation of

cortisol level and startle response for the CS- during Block 2 (stress: 7(43) = -.323, p = .031;
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Table 7. Exploratory correlational analyses of Study 2.

Correlations (p-values) divided by groups between cortisol increase (i.e., difference between cortisol

baseline and 30 min after stress induction) or sum of stress ratings during the stress day and mean

startle responses (CS minus ITl) or mean SCR over the whole phase for threat acquisition and

extinction learning (block 1 and block 2) and over the first two trials of the re-extinction phase.
Threat Extinction learning Memory

acquisition block 1 block 2 recall
CS+ CS-  CS+  CS-  CS+ CS- CS+  Cs-
002 172 -064 140 -182 -323* -007 .057

Startle response

Cortisal lovel SIESS(991) (258) (678) (358) (232) (031) (971) (.769)
G 2112077057 -089 029 191 -136 047

(169) (621) (712) (568) (.854) (214) (457) (.798)

o 284 378% 040 063 049 018 104 -170

Stress (059) (010) (797) (.682) (.751) (907) (.590) (377)
ratings g (120222 -035 086 022 .58 038 .06l

(439) (.148) (.824) (579) (.885) (306) (.837) (.741)

SCR Threat Extinction learning Memory
acquisition block 1 block 2 recall

CS+ €S- CS+ €S- CS+ (€S- CS+  CS-

o 068 230 -0SL -221 033 I35 082 -197

Cortisal lovel (670) (.143) (750) (.160) (.835) (392) (.683) (.326)
G 144 <118 087 -053 -167 -006 276 192

(375) (470) (592) (.743) (.303) (970) (.132) (302)

e 225 168 073 240 085 044 263 294

Stress (152) (287) (.645) (.126) (.594) (.783) (.185) (.137)
ratings g 241 =126 <101 064 -168  398% -007 .10l

(.135) (439) (.534) (.693) (.299) (011) (.969) (.589)
Note: * p <.050, ** p <.010, *** p < 001

sham: r(42) = .191, p = .214; see Figure 22 C-D) but not Block 1 (stress: 7(43) =.140, p = .358;
sham: 7(42) = -.089, p = .568). Correlation analyses between cortisol level and mean SCR
returned no significant result for CS+ (stress: #(40) =-.051, p =.750; sham: »(38) =-.087, p =
.592) and CS- (stress: (40) =-.221, p =.160; sham: #(38) = -.053, p =.743) during Block 1 or
CS+ (stress: r(40) = .033, p = .835; sham: #(38) = -.167, p = .303) and CS- (stress: r(40) = -
135, p = .392; sham: #(38) = -.006, p = .970) during Block 2. Regarding the sum of stress
ratings, no correlation with the mean startle response of CS+ (stress: (43) = -.040, p = .797;
sham: »(42) =-.035, p = .824) and CS- (stress: 7(43) =.063, p = .682; sham: (42) =-.086, p =
.579) during Block 1 or CS+ (stress: 7(43) = .049, p = .751; sham: r(42) = .022, p = .885) and
CS- (stress: 7(43) =-.018, p = .907; sham: #(42) = .158, p = .306) during Block 2 was signifi-
cant. Correlations between stress ratings and mean SCR for the CS+ (stress: 7(40) =.073, p =
.645; sham: (38) =-.101, p = .534) and for the CS- (stress: 7(40) =.240, p = .126; sham: r(38)
=-.064, p = .693) during Block 1 did not return significant. For Block 2, however, the sham
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(not stress) group displayed a significant positive correlation between stress ratings and mean
SCR for the CS- (stress: 7(40) = .044, p = .783; sham: r(38) = .398, p = .011) but not for the
CS+ (stress: 7(40) = .085, p = .594; sham: (38) = -.168, p = .299).

For Memory recall, the first two trials of the psychophysiological measures for the CSs
were analyzed. The correlation coefficients for startle response and cortisol level did not reach

significance neither for the CS+ (stress: #(27) =-.007, p = .971; sham: »(30) = -.136, p = .457)
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Figure 22. Scatterplot of exploratory correlational analyses of Study 2.

Scatterplot with regression lines for the mean differential startle response (CS minus ITI) for CS+ (A)
and CS- (B) during threat acquisition and the sum of stress ratings and differential startle response for
CS+ (C) and CS- (D) during the second block extinction learning and the increase in cortisol level from
baseline to after stress induction during the stress day divided by the groups (black: stress; gray:
sham). The stress group had a significant positive correlation for CS- during threat acquisition and
stress ratings and a significant negative correlation for CS- during the second block of extinction learn-
ing and cortisol level increase.
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nor the CS- (stress: #(27) = .057, p = .769; sham: #(30) = .047, p = .798). Similar results were
found for the results of cortisol level and mean SCR of the CS+ (stress: #(25) =.082, p = .683;
sham: (29) = .276, p = .132) and CS- (stress: #(25) =-.197, p = .326; sham: (29) =.192, p =
.302). In line, no association between stress ratings and mean startle response of the CS+
(stress: #(27) =-.104, p = .590; sham: »(30) =.038, p = .837) and the CS- (stress: #(27) =-.170,
p =.377; sham: r(30) =.061, p =.741) or mean SCR of the CS+ (stress: (25)=.263, p =.185;
sham: (29) = -.007, p = .969) and CS- (stress: 7(25) = .294, p = .137; sham: #(29) = .101, p =

.589) returned significant.

Taken all together, exploratory correlational analyses for startle response exhibited on
the one hand a positive association between stress ratings and the mean response of the CS- for
the stress (but not sham) group during threat acquisition. On the other hand, the stress group
displayed a negative correlation between CS- startle reactivity during Block 2 of extinction
learning and the increase in cortisol level after stress induction. For SCR, only a positive cor-

relation between stress ratings and CS- during Block 2 for the sham group was found.
Startle response reactivity

To again check, if the stressor exerted an effect on the habituation startle response, be-
tween-subjects (factor group) one-factorial ANOVASs for habituation startle responses during

threat acquisition, extinction learning, and re-extinction were calculated.

Results indicate that groups did not differ in their startle reactivity during habituation of
threat acquisition (F(1, 87) <1, p = .545, 77;% <.01), extinction learning (F(1, 87) = 1.18, p =
281, r)f, =.01), and re-extinction (¥(1, 59) =3.48, p = .067, nf, =.06; see Figure 23).

Habituation startle response
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Figure 23. Habituation startle response of Study 2.

Boxplots (with medians as lines and means as diamonds) of the startle response during startle habitu-
ation for the stress (black) and sham group (gray). Significant group differences were not found in startle
reactivity during threat acquisition, extinction learning, and re-extinction.
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US reactivity

As in Study 1, an exploratory analysis for the SCRs of the US was conducted. The one-
way ANOVA with the between-subjects factor group (stress, sham) returned no significant
main effect of group (F(1, 80) <1, p=.907, 7712, <.01), suggesting no group differences in US-

reactivity (see Figure 24).

Taken together, stress did not alter the US reactivity and thereby affected threat condi-

tioning, evident in no group differences in SCRs of the US.

3.3.4 Questionnaires

The 4 (day) x 2 (phase) x 2 (group) ANOV As for STAI state, PANAS positive and neg-
ative mood returned a significant main effect of day for STAI state (F(2.30, 128.88) =5.39, p
=.004, n; = .09), positive mood (F(3, 156) = 8.69, p < .001, n; = .14), and negative mood
(F(2.52, 136.21) = 3.76, p = .017, n; = .07) and a significant main effect of phase only for
STAI state (F(1, 56) =6.92, p = .011, rhz, =.11) and positive mood (F(1, 52) =9.76, p = .003,
nf, =.16), but not negative mood (F(1, 54) <1, p=.674, nzz, <.01). The interaction Day x Phase
was only significant for STAI state (F(3, 168) = 7.06, p <.001, n% =.11) and negative moode
(F(2.48, 134.16) = 7.41, p < .001, nj = .12), but not positive mood (F(2.41, 125.07) <1, p =
395, 3 = .02).

Regarding group differences, no effect involving the factor group returned significant for STAI

state (all p-values > .109). Results for positive mood only revealed a significant interaction
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Figure 24. SCR of the US during threat acquisition of Study 2.
Boxplots (with medians as lines and means as diamonds) of the SCR of the US for the stress (black)
and sham (white). No difference between groups was found in SCR reactivity towards the US.
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Phase x Group (F(1, 52) = 8.52, p = .005, rhz) = .14), but no other effect involving the factor
group (all p-values > .262). Analyses of negative mood showed a significant main effect of
group (F(1, 54) =5.67, p = .021, n; = .10) as well as the interaction Phase x Group (£(1, 54)
=35.57, p=.022, n; = .09). Post-hoc contrasts are reported below separately for the state ques-

tionnaires.

STAI state. The significant Day x Phase interaction was followed by post-hoc simple
contrasts (Bonferroni corrected a <.007), which revealed a significant increase in state anxiety
for the stress day (F(1, 56) = 8.48, p = .005, 77;% =.13), evident from after stress induction to
the end of the experimental day (i.e., after US calibration; see Table 8) and a significant in-
crease from pre to post threat acquisition day (F(1, 56) = 13.15, p < .001, rhz, =.19). During
extinction learning (F(1, 56) < 1, p = .855, rhz, <.01) as well as re-extinction day (F(1, 56) =
1.53, p = .221, 77;% = .03) state anxiety did not change from pre to post. To further check for
possible effects of context on state anxiety, post ratings of one experimental day were compared
to the pre ratings of the subsequent experimental day. Interestingly, the state anxiety decreased
from post threat acquisition to pre extinction learning (F(1, 56) = 11.45, p =.001, rhz, =.17; see
Table 8). However, no differences occurred from post stress day to pre threat acquisition (F(1,
56) <1, p=.549, 7712, <.01) or post extinction learning to pre -rextinction (£(1, 56) =1.58, p =
215,13 = .03).

PANAS - positive mood. The significant main effect of day and interaction of Phase x
Group were followed by simple contrasts (Bonferroni corrected a <.010). Regarding the main
effect of day, post-hoc analysis revealed only a significant decrease in positive mood from
threat acquisition to extinction learning day (F(1, 52) = 8.50, p = .005, 77;% =.14), but not from
stress to threat acquisition day (F(1, 52) = 5.80, p =.020, rhz) =.10) or extinction learning to re-
extinction day (F(1, 52)=2.00, p=.163, r)f, =.04). In respect of the group differences, analysis
showed a significant general decrease in positive mood from pre to post for the stress (F(1, 52)
=16.44, p < .001, n5 = .24) but not sham group (F(1, 52) < 1, p = .878, n;; < .01) collapsed

over all experimental days.

PANAS - negative mood. Post-hoc contrasts for the significant interactions Day x Phase
and Phase x Group were (Bonferroni corrected a < .006) returned a significant increase in
negative mood from pre to post threat acquisition (F(1, 54) = 15.90, p <.001, nj = .23; see

Table 8). Other than that, no changes in negative mood were found for the stress day (F(1, 54)
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=3.70, p =.060, r)f, =.006, F(1, 54)=3.61, p = .063, r)f, =.00), extinction learning (F(1, 54) <
1, p = .408, nj = .01), or re-extinction (F(1, 54) = 1.69, p = .199, n; = .03). Comparing post
ratings from one experimental day with the pre ratings of the following day showed a signifi-
cant decrease in negative mood from post threat acquisition to pre extinction learning (F(1, 54)

=9.89, p =.003, nj = .16). Moreover, no differences were found between post and pre ratings

Table 8. Descriptive statistics of the state questionnaires of Study 2.
Reported are means (SD) of the STAI State, PANAS positive and negative mood averaged over all
groups (overall) and divided by groups (stress, sham) per time point of the experimental days.

STAI State
Day Time point Overall Stress Sham
Stross da after stress 33.72(829) 3376 (849)  33.69 (8.24)
ess cay post 36.85(7.84)  37.55(8.03)  36.22(7.73)
L pre 35.97(9.52)  35.93(9.51)  36.00(9.70)
Threat acquisition post 39.29(8.16)  41.07(827)  37.57(7.79)
Extinction learnin pre 36.47(9.17)  37.48(9.34)  35.52(9.06)
X £ post 3628 (9.12)  37.55(10.49)  35.10 (7.60)
Re-oxtinction pre 3524 (7.82) 3641 (8.68)  34.10(6.84)
e-extinetio post 34.14(7.87)  36.03(7.83)  32.30(7.58)
PANAS - positive mood
Day Time point Overall Stress Sham
Stross da after stress 3228(6.12)  32.63(529)  31.97 (6.84)
ess cay post 3122(622) 3044 (591)  31.90 (6.49)
Threat acauisition pre 30.14(7.28)  30.96 (7.03)  29.47(7.52)
a post 30.10(7.31) 2938 (6.11)  30.69 (8.22)
o . pre 29.13 (7.4) 29.86(7.25)  28.47(7.59)
Extinct |
XHUNCHOM TCatiig st 27.64 (144)  27.83(748)  27.47(1.51)
Re-oxtinction pre 30.22(6.70)  29.83 (7.16)  30.58 (6.34)
crextinetio post 28.80(7.24)  27.24(7.05)  30.26 (7.22)
PANAS - negative mood
Day Time point Overall Stress Sham
after stress 14.61 (4.73) 15.67 (5.13) 13.72 (4.25)
Stress d
ress day post 13.49 (3.58) 14.7 (3.85) 12.47 (3.04)
hreat acauisition pre 1292 (429) 1393 (4.76)  11.97 (3.62)
a post 1452(498)  16.07(5.56)  13.06 (3.93)
Extinction learnin pre 1293 (459)  13.96(5.81)  12.00 (2.89)
£ post 1324 (4.86)  15.00(6.09)  11.65(2.61)
Rerextine pre 1292 (3.69)  1334(4.08)  12.53 (3.32)
-cXtinction
crextinetio post 1234(3.76)  13.52(449)  11.28 (2.59)
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of stress and threat acquisition day (F(1, 54) = 1.19, p = .280, rhz) =.02) or extinction learning
and re-extinction day (F(1, 54) <1, p = .386, n7;; = .01). Post-hoc contrasts regarding the Phase

x Group interaction showed neither general difference between pre and post collapsed over all

experimental days for the stress (F(1, 54) = 3.61, p = .063, n;; = .06) nor for the sham group
(F(1,54)=2.02,p =161, nj = .04).

3.4 Discussion

The goal of the second study of this dissertation was to extend and complement the find-
ings of the first study, by further investigating how distal stress affects threat and extinction
processing. To recapitulate, distal stress placed ten days prior to threat conditioning impaired
extinction learning and impaired re-extinction for valence ratings only when the stressor was
placed in the same context as the learning paradigm. Thus, leading to the assumption that the
stressor was too mild and the temporal distance between stress induction and threat acquisition
was too big for the stressor on its own to exhibit the extinction-impairing effects. Consequently,
the stressor-threat acquisition interval was reduced to 24 h in this study to examine if temporal
proximity increases the effect of distal stress on threat and extinction processes. Moreover, to
disentangle the effect of stress induction on its own and the combination of stressor and
stressor-associated context, stress induction was conducted in a different context (i.e., in a dif-
ferent laboratory) than the threat conditioning paradigm. To sum up, stress (or sham protocol)
induction via SECPT (Schwabe et al., 2008) was conducted 24 h prior to a 3-day differential

threat conditioning paradigm.

Before interpreting the results of the effect of distal stress on threat conditioning, the
validation of stress manipulation must be ensured. Stress induction was successful, evident in
an increase in cortisol levels for the stress group from baseline to 30 min later. In addition, the
stress group displayed higher cortisol levels in comparison to the sham group 30 min after
stress induction. This findings are on the one hand in line with other studies, which found
increased cortisol levels after stress induction via SECPT in comparison to a sham control
group (Drexler et al., 2018; Hamacher-Dang et al., 2015; Riggenbach et al., 2019; Schwabe et
al., 2008; Smeets et al., 2012) and on the other hand with Study 1 of this dissertation. Addi-
tionally, subjective and sympathetic stress measures were included to cover more levels of the
stress response. Subjective stress ratings of unpleasantness, stressfulness, and painfulness of
the hand immersion was collected immediately after stress induction. Here, participants in the

stress (vs. sham) group rated the experience as more aversive for all three ratings. This result
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is in line with other studies, which also found increased aversive ratings for the stress in com-
parison to the sham group after SECPT (Drexler et al., 2018; Hamacher-Dang et al., 2015;
Merz, Hamacher-Dang, & Wolf, 2014; Riggenbach et al., 2019; Schwabe et al., 2008). As
sympathetic markers of the stress response, systolic and diastolic blood pressures as well as
pulse were measured via sphygmomanometer. In accordance again with previous work
(Drexler et al., 2018; Hamacher-Dang et al., 2015; Merz et al., 2014), the stress (vs. sham)
group displayed an increase in systolic and diastolic blood pressure from baseline to during
stress exposure, which decreased 30 min later. Moreover, the stress group exhibited increased
blood pressure during stress induction in comparison to the sham group. Contradictory to stud-
ies by Schwabe et al. (2008) and Riggenbach et al. (2019), lower pulse values were observed
for the stress group in comparison to the sham group in this study. The aforementioned studies
(Riggenbach et al., 2019; Schwabe et al., 2008) did not collect pulse via single repeated
measures via sphygmomanometer, but continuously recorded the heart rate, which allows for
a higher temporal resolution. Therefore, a direct comparison between the studies and our result
is not feasible. Timmers et al. (2018) measured pulse in the course of exposure to the Maastricht
Acute Stress Task (MAST; Smeets et al., 2012), which comprises physical and psychological
stress components. Also contradictory to our findings, the study did not find any differences in
pulse between stress and sham group. However, the group differences in the present study were
not only evident during stress induction, but furthermore at baseline and 30 min after stress
induction. Thus, suggesting that this result represents a general difference in pulse values and

not a result of stress induction.

During the threat conditioning paradigm, the groups exhibited differences in cortisol
level, systolic blood pressure and pulse. First, the sham group displayed higher cortisol levels
during re-extinction in comparison to the stress group. Second, the stress (vs. sham) group
showed higher values of systolic blood pressure during extinction learning. Last, pulse values
were elevated for the sham (vs. stress) group during threat acquisition, extinction learning, and
re-extinction. For pulse, these findings correspond to the results during the stress day, as the
sham group already demonstrated higher values during baseline. However, additional analyses
with the respective stress measure as covariate did not return any significant interaction of the
covariates with the factors stimulus or group. Thus, suggesting that these group differences did

not manifest in alterations in threat or extinction learning.

Regarding threat acquisition, learning was overall successful on a subjective (valence,

arousal, fear, and US-expectancy ratings) and psychophysiological (startle response and SCR)


https://www.linguee.de/englisch-deutsch/uebersetzung/sphygmomanometer.html
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3. Study 2: Distal stress weakens extinction without context association 129

level, evident in more aversive ratings and potentiation in startle response and SCR to the CS+
in comparison to the CS-. These results are in accordance to studies, which also found success-
ful CS+/CS- differentiation during threat acquisition for different outcome measures, such as
startle response (Andreatta et al., 2010; Andreatta & Pauli, 2015; Riggenbach et al., 2019;
Sjouwerman et al., 2016; Sjouwerman et al., 2015), SCR (Andreatta & Pauli, 2015; Antov et
al., 2015; Antov & Stockhorst, 2014; Antov et al., 2013; Sjouwerman et al., 2016; Sjouwerman
et al., 2015) and subjective ratings (Andreatta & Pauli, 2015; Riggenbach et al., 2019;
Sjouwerman et al., 2015). In comparison to Study 1, the findings of this study are not only in
line but also extend the results of Study 1, as successful threat acquisition was also found for

SCR.

Overall delayed extinction learning was successful as CS+/CS- differentiation was
demonstrated prior to and after the first block of extinction learning but was absent after the
second block of extinction learning for all ratings. For startle response, the discrimination be-
tween CSs decreased from the first to the second block of extinction. These results match find-
ings of successful extinction learning in other studies (for instance, Andreatta & Pauli, 2015;
Antov et al., 2013). However, overall sustained CS+/CS- differentiation was found on a level
of SCR. Although contradicting the hypothesis of overall successful extinction learning and
the above mentioned studies, the result of impaired extinction learning was also found in other
studies on a level of SCR (Antov et al., 2015; Antov et al., 2013; Sjouwerman et al., 2016). But
as stated earlier, obtaining dissociative results between different dependent measures is not
uncommonly observable (Andreatta et al., 2010; Ewald et al., 2014; Genheimer et al., 2017;
Glotzbach-Schoon et al., 2013). When comparing the results with Study 1, this study did not
only found successful extinction learning for startle response and valence ratings, but for all
subjective ratings. As the number of trials during extinction learning was increased from Study
1 to Study 2, it can be assumed that extinction learning could have been enhanced and therefore,
detectable in more outcome measures in Study 2 (vs. Study 1). A comparison of the modifica-
tions to the threat conditioning paradigm will be examined and discussed in section 4. How-
ever, despite the large amount of trials, impaired extinction learning on a level of SCR was
only found in Study 2. Noteworthy, a direct comparison between extinction learning on a level
of SCR between Study 1 and Study 2 cannot be made, as threat acquisition as basis for extinc-

tion learning was not found in Study 1.
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When examining memory recall, results indicated overall spontaneous recovery for all
ratings and startle responses. In detail, at the end of extinction learning no differences in con-
ditioned responses between CS+ and CS- were observed for fear, arousal, and US-expectancy
ratings as well as startle response. For valence ratings, however, a significant differentiation
was also found post extinction learning. This contradicts the result found in the extinction
learning analysis. As the sample size for memory recall analyses is reduced due to drop out
before re-extinction, the analyses are not as reliable as the extinction learning analysis. There-
fore, successful extinction (i.e., the absence of CS discrimination at the end of extinction learn-
ing) can be assumed. Fourteen days later, re-occurring CS+/CS- differentiation was demon-
strated for all ratings and startle response. Interestingly, results for SCR demonstrated that a
differentiation between CS+ and CS- was neither observable during the last two trials of ex-
tinction learning nor the first two trials of re-extinction. Although CS discrimination was per-
sistent during extinction learning, when analyzing the entire phase, the absence of such dis-
crimination for the last two trials of extinction learning could suggest that extinction learning
was successful on a level of SCR. Note here that the smaller sample sizes for memory recall
analyses must be considered. The results of spontaneous recovery are in line with other studies
(Guastella et al., 2007; Huff et al., 2009; Mueller et al., 2014; Mueller & Pizzagalli, 2016;
Norrholm et al., 2008), which found a return of CS+/CS- differentiation at memory recall not
only 24 h after successful extinction learning (Guastella et al., 2007; Huff et al., 2009;
Norrholm et al., 2008), but also several days to even up to a year (Mueller & Pizzagalli, 2016;
Norrholm et al., 2008). Noteworthy, the interval between threat acquisition and extinction
learning as well as between extinction learning and memory recall/re-extinction must be con-
sidered. In this regard, there are only very few studies which demonstrated spontaneous recov-
ery after applying delayed extinction learning (i.e., 24 h threat acquisition-extinction learning
interval) and a greater extinction learning-memory recall interval (e.g., 4 days: Norrholm et al.,
2008). Thus, the results of this study provide important evidence for the dominance of the recall
of the threat memory trace over the extinction memory trace after a greater passage of time
between extinction learning and memory recall test (i.e., 14 days). In comparison to Study 1,
the results of Study 2 are not in accordance, as sustained CS+/CS- differentiation was only
found for fear ratings and not for valence and arousal ratings as well as psychophysiological
measures in Study 1. Notably, sample sizes were bigger in Study 2 than in Study 1. Hence,

statistical power is larger for the second study and results are more reliable.
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Analyses of re-extinction yielded overall impaired re-extinction for all ratings. On a psy-
chophysiological level, re-extinction was overall successful as no differences between CS+ and
CS- were found for startle response and SCR. The results of impaired re-extinction complement
existing literature as these also found persistent CS+/CS- differentiation during re-extinction
(Huff et al., 2009; Klucken et al., 2016). Study 1 is only partially in line with the results of this
study, as persistent CS+/CS- differentiation was only found for fear ratings in Study 1. But
again, as sample sizes and statistical power are larger in Study 2, the results are more reliable.
Interestingly, the results of impaired re-extinction in this study provide further evidence for the
dominance of the threat memory after a larger passage of time that even hinders a second ex-
tinction learning to occur. Reasons for the dominance of the threat memory trace could be that
the extinction memory trace is more context-dependent and fragile in comparison to the threat
memory trace (Vervliet et al., 2013b). Thus, the extinction memory trace could have been

weakened 14 days later.

Examinations if the stress group differed in threat and extinction processing revealed no
group differences during threat acquisition neither for ratings nor psychophysiological
measures. The results are in line with rodent studies examining the effect of stress induction
on threat conditioning. Here, also no influence of stress exposure on threat acquisition was
found (Chauveau et al., 2012; Garcia et al., 2008; Knox et al., 2012a; Miracle et al., 2006).
Regarding human studies, the results on the one hand contradict findings in humans of aug-
mented CS+/CS- differentiation or potentiated conditioned responses to the CS+ in the stress
(vs. sham) group during threat acquisition (Jackson et al., 2006; Riggenbach et al., 2019;
Zorawski et al., 2006). On the other hand, the results also contradict studies, finding attenuated
CS discrimination and decreased differential activity in the amygdala and ACC during threat
acquisition (Merz et al., 2013). However, there are studies, which also did not find an effect of
pre-acquisition stress induction on threat learning (Antov et al., 2015; Antov & Stockhorst,
2014; Antov et al., 2013). Taken together, the literature on the effect of pre-acquisition stress
induction on threat learning is inconsistent and needs further research. Moreover, it must be
kept in mind that the comparability between this study and the reported ones is the temporal
interval between stress induction and threat conditioning paradigm. Whereas the other studies
have a proximal temporal interval of minutes to one hour, the study of this dissertation placed
the stressor 24 h prior to threat conditioning. Therefore, different mechanisms could come into
effect and could explain differences in findings. Interestingly, when comparing the results of

this study with Study 1 of this dissertation, which also placed the stressor temporally distal to
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threat conditioning, the results match, as no threat enhancing effect of distal stress was found.
However, no direct impairment in safety learning was found (i.e., increased conditioned re-
sponses towards the CS- during threat acquisition) in this study in comparison to Study 1.
However, exploratory correlational analyses again suggest that stress influenced safety learn-
ing during acquisition as the stress ratings on the stress day positively correlated with startle
responses towards the CS-. Hence, this study provides some support — although not on a group

level — of the assumption of impaired safety learning towards the CS-.

For extinction learning, no group differences were found on a psychophysiological level
(i.e., startle response and SCR) during extinction learning. Noteworthy however, exploratory
analyses revealed a negative correlation between cortisol increase on the stress day and startle
responses to the CS- during Block 2 of extinction. Thus, correlational analyses point to the
direction of altered extinction learning after stress induction. Even if not hypothesis-conform-
ing, the results are in line with the study by Riggenbach et al. (2019), who also did not find
group differences during extinction learning, but a positive association between cortisol in-
crease after stress induction and CS+/CS- differentiation for the startle response during delayed
extinction learning. On a subjective level, weakened extinction learning was present for fear
ratings as only the stress (not sham) group showed persistent CS+/CS- differentiation after the
first block of extinction trials. This result is not only supported by rodent studies, which found
an extinction impairing effect of stress induction (Baran et al., 2009; Chauveau et al., 2012;
Cordero et al., 2003; Knox et al., 2012a; Maroun et al., 2013), but also with human studies
examining deficits in extinction (Antov et al., 2013; Jackson et al., 2006). The dampened ex-
tinction learning in this study complement the results Study 1, where distal stress induced 10
days prior to threat conditioning impaired extinction learning on a level of subjective ratings.
However, it must be noted that the stress group in this study displayed successful extinction in
fear ratings at the end of extinction learning, indicated by the absence of CS discrimination. In
Study 1, impairments in extinction learning were observed during the whole learning phase,
meaning sustained CS+/CS- differentiation even after extinction learning. In addition, the ef-
fect in Study 1 was evident for multiple ratings (i.e., valence and arousal ratings), not only one
rating. Hence, the extinction impairing effect in Study 2 seems to be not as profound as in

Study 1.

Regarding memory recall and re-extinction, no differences between the stress and sham
group were found for all dependent variables. This contradicts rodent findings of spontaneous

recovery/ dominance of the recall of threat memory trace in comparison to the extinction
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memory trace (Chauveau et al., 2012; Knox et al., 2012a; Maroun et al., 2013; Yamamoto et
al., 2008). Moreover, the results further partially contradict the study in humans by Riggenbach
et al. (2019). On the one hand, the mentioned study also did not find any group differences
regarding memory recall 24 h after extinction learning. On the other hand, re-extinction was
impaired in the stress (vs. sham) group (Riggenbach et al., 2019). However, the results are in
accordance to the study by Antov and Stockhorst (2014) in humans, who also did not find
group differences in memory recall and re-extinction 24 h after extinction learning. Notewor-
thy, both groups — stress and sham group — in this study displayed successful extinction recall
and re-extinction (i.e., no CS/CS- differentiation), whereas in the study of this dissertation, all
groups displayed spontaneous recovery and impaired re-extinction on a level of ratings 14 days
after extinction learning. Integrating the results of this study and the two aforementioned stud-
ies (Antov & Stockhorst, 2014; Riggenbach et al., 2019) further supports the notion that greater
extinction learning-memory recall intervals favor the threat memory trace from being retrieved.
More specifically, the study of this dissertation did not find group differences in re-extinction
but rather overall impaired extinction recall. The large interval between extinction learning and
memory recall of 14 days could have caused a generalized spontaneous recovery and impair-
ments in re-extinction in comparison to shorter intervals of for example 24 h. Thereby, no
group differences could have been found as also the sham group displayed a dominance of the
recall of the threat memory trace. However, in Study 1, which also had remote memory recall
and re-extinction (i.e., 14 days), impaired re-extinction in the stress group was found. Again,
suggesting that the effect of stress induction on threat conditioning in Study 2 was not as pro-
nounced as in Study 1, as the alterations in extinction learning between groups did not carry

over to the memory recall and/or re-extinction.

Since Study 2 is a succession of Study 1 and the experimental procedure of Study 2 rep-
resents a modification of Study 1, a comparison of the two studies could give rise to the differ-
ences found in the results. As already stated, one could assume that the effect of distal stress
on threat extinction demonstrated in Study 2 is not as pronounced as in Study 1, evident in only
weakened not impaired extinction learning and no effect on memory recall and re-extinction
for the stress (vs. sham) group. The major modifications of the procedure from Study 1 to Study
2 was the temporal proximity of stress exposure to threat conditioning and the disentanglement
of stressor and stressor-associated context. This leads to the assumption that the divergence in
the findings could be the result of these adjustments. The findings of Study 1 suggest that the

effect of distal stress was only found when placed in the same context as the learning paradigm.
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In Study 2, stress induction was conducted in a different context as threat conditioning to pre-
vent this association. The exploratory analyses of habituation startle responses prior to each
learning phase represents a way to investigate a possible association between stressor and con-
text. In comparison to Study 1, no group differences in habituation startle responses were found
during threat acquisition, extinction learning, and re-extinction. Hence, the stress (vs. sham)
group did not display startle potentiation towards the context. Noteworthy, the state question-
naire analyses over all experimental days showed general decrease of positive mood from pre
to post over all experimental days for the stress in comparison to the sham group. On the one
hand, this could be interpreted as context effect as this decrease in positive mood was shown
for all experimental days and both contexts and not only during the stress day and its context.
On the other hand, no further group differences in state anxiety or negative mood were found.
Thus, taking the mentioned results together leads to the general assumption that the effect of
distal stress on extinction learning can be ascribed exclusively to the stress induction without
context-association. On the other hand, the missing context-association could explain why the
effect of distal stress on extinction learning is not as profound as in Study 1. However, the
results suggest that placing stress induction more proximal to the threat conditioning paradigm
(i.e., 24 h) enabled the stressor to exert its effect — even if not as pronounced — on extinction

learning without the necessity of context-association.

To again rule out the possibility that differences in threat and extinction learning are due
to different US reactivity between the stress and sham group, exploratory analyses of the SCR
towards the US were analyzed. Replicating the findings of Study 1, no differences in US reac-

tivity were found between groups.

There are a few limitations that must be considered. First, the results of the recent recall
groups (i.e., extinction-re-extinction interval of 24 h) are missing due to termination of data
collection because of the corona pandemic. Studies suggest that a longer interval between ex-
tinction learning and re-extinction favors the threat memory trace to be retrieved over the ex-
tinction memory trace and thereby causes spontaneous recovery (Klucken et al., 2016; Mueller
& Pizzagalli, 2016; Norrholm et al., 2008). The results of this study support this notion, as
overall spontaneous recovery was found for ratings and startle response 14 Days after extinc-
tion learning. As already noted, the long extinction-re-extinction interval could be the cause
for the absence of group differences in memory recall, as also participants of the sham group
displayed a return of CS+/CS- differentiation with such temporal distance between extinction

learning and memory recall. The inclusion of the recent recall groups could have allowed to
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systematically investigate the role of extinction-re-extinction interval on the effect of distal
stress on spontaneous recovery. It could be assumed that stress exerts its effect on memory
recall with shorter intervals. Second, to better rule out the possibility that the context might
have strengthened the effect of distal stress one day prior to threat conditioning, a stress and
sham group, which underwent stress induction and threat conditioning in the same context
would have been necessary. However, the design was already very complex and adding two
additional between-groups to the model and statistical analyses would have required even big-
ger samples sizes, which could not have been advisable and viable. Third, there are methodo-
logical changes made between Study 1 and Study 2 that hamper the comparability of the find-
ings as they could have influenced threat acquisition and extinction learning. On the one hand,
the reinforcement rate (i.e., the probability of co-occurrence of CS+ and US) was decreased
from 100 % (Study 1) to a partial reinforcement (i.e., 75 %; Study 2). Although both procedures
are said to successfully acquire conditioned responses, differences in strength of the associative
learning can occur (Lonsdorf et al., 2017). It was found that partial reinforcement decreases
intensity of conditioned responses (Bloom & McFarlain, 1971; Dunsmoor, Bandettini, &
Knight, 2007; Haselgrove, Aydin, & Pearce, 2004). Hence, the reduced reinforcement rate in
Study 2 could have weakened threat acquisition, which consequently could have made it more
difficult to observe differences in extinction learning and memory recall. On the other hand,
number of extinction learning trials of Study 2 (two blocks of 12 CS presentations) was larger
in comparison to threat acquisition and the number of extinction trials of Study 1 (16 trials per
CS). This disproportion could allow for enhanced extinction learning and could have impeded
the effect of stress on threat extinction in this study. Thus, this could explain why only weak-
ened extinction learning and no effect on memory recall was found in this study. Moreover, an
unequal number of trials for acquisition and extinction learning is uncommon in human threat
conditioning studies (for instance, Huff et al., 2009; Sjouwerman et al., 2015). However, the
greater number of extinction trials in this study was justified as it was part of a translational
project of a collaborative research center (SFB-TRR 58) and increasing the number of extinc-
tion learning trials enhanced the comparability between rodent and human study. In rodent
studies, the number of extinction learning trials often exceed the amount during threat acquisi-
tion to successfully decrease the conditioned responses (Chauveau et al., 2012; Knox et al.,
2012a; Long & Fanselow, 2012; Woon, Seibert, Urbanczyk, Ng, & Sangha, 2020). Addition-
ally, in some rodent studies the number of extinction trials is individually adjusted until an
animal reaches a predefined extinction criterion (e.g., < 35 % freezing rate for eight out of nine

blocks of CS presentations; King, Scott, Graham, & Richardson, 2017). In section 4, these
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methodological differences between studies and their possible influence on threat acquisition
and extinction learning are further investigated. Fourth, the sham group displayed higher pulse
values in comparison to the stress group over all days of the experiment. The group difference
was already present at baseline measurements of the first experimental day, suggesting a pre-
existing difference and not due to experimental manipulations of the study. Although additional
ANCOVA analyses revealed that the pulse value of each respective day — added as covariate —
did not affect the results, the differences in pulse values still must be considered when inter-
preting the findings of this study. Last, the result of higher cortisol levels of the sham (vs.
stress) group during re-extinction uncover a limitation that was not controlled for in both stud-
ies of this dissertation. Higher cortisol levels for the sham group were not expected. Note here
that additional analyses showed that the cortisol levels did not affect memory recall and re-
extinction findings. However, the large interval of 14 days between extinction learning and re-
extinction allows for a greater interference of undetectable and study-unrelated factors, such as
other personal stressful experiences or daily hassles. These factors could affect cortisol levels
and furthermore memory recall. Unfortunately, it was not assessed whether participants expe-
rienced any discomfort or stress during the extinction-re-extinction interval. Future studies,
which plan to implement a longer temporal distance between two experimental days should

consider assessing what participants experienced in the meantime.

To conclude, the purpose of the second study of this dissertation was to extend the find-
ings of Study 1 by further investigating the effect of distal stress on extinction and disentangling
the influence of stressor and stressor-associated context. Placing stress induction one day prior
to threat conditioning in a different context still resulted in weakened extinction learning on a
subjective level, evident in persistent CS+/CS- differentiation after the first block of extinction
learning. However, complete impairments in extinction learning (i.e., CS discrimination after
extinction) and affected memory recall and/or re-extinction were not found as in Study 1. Thus,
suggesting that distal stress is capable of interfering threat extinction but not as pronounced as

if the stressor was associated to the threat-conditioning context.
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4 Comparison of methodological differences between the two

studies

4.1 Introduction

Albeit pointing into the same direction, the effect of distal stress on threat conditioning
differs between the two studies of this dissertation. As discussed above, the disparity could
arise from the absence of the association between stressor and context in Study 2. However,
other determinants are also possible, which could explain the found differences. Thus, the over-

all aim of this section is to explore and determine such possible influencing factors.

A variety of standardized stress induction protocols were tested and validated in human
stress research, with cortisol levels being the dominant outcome measure of the stress response
(Dickerson & Kemeny, 2004; Kirschbaum & Hellhammer, 1989). However, in a meta-analysis
Dickerson and Kemeny (2004) demonstrated that the neuroendocrinological stress response
highly varies amongst the stress induction protocols and that not all protocols are equally suited
in triggering a stress response. Especially, procedures manipulating controllability and social-
evaluative threat were found to profoundly activate the HPA-axis and augment the cortisol
release. The SECPT, which was used as stress induction protocol in the studies of this disser-
tation, represents a procedure these characteristics, as it comprises the key ingredients of phys-
ical stress/pain, uncertainty, and social-evaluative threat (Schwabe & Schachinger, 2018).
However, interindividual variations in the cortisol response to efficient stressors like the
SECPT are still often found. Here, participants were often split into responders and non-re-
sponders and analyzed separately (Kirschbaum & Hellhammer, 1989; Schwabe et al., 2008;
Wolf, Minnebusch, & Daum, 2009). These differences in cortisol responding to a stressor can
have an impact on the effect of stress on learning and memory. For instance, Roozendaal et al.
(1999) found in rodents that in a dose-dependent matter increasing GR activity in the nucleus
of the solitary tract facilitated the consolidation and recall of an inhibitory avoidance training.
More specifically, only moderate doses of the GR agonist RU 28362 exerted the memory-
enhancing effect, while lower and higher doses did not. This effect could also be demonstrated
in humans (Adreano & Cabhill, 2006). Here, in men the increase in cortisol level after CPT
stress induction was associated with the correct recall of memory items in an inverted U-shape
manner. In general, the effect of stress on brain functions as learning and memory is assumed
to follow an inverted U-shape dose dependency (Joéls, 2006). With regard to the studies of this

dissertation, these findings lead to the assumption that differences in cortisol responding to the
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stressor between studies could be hypothesized as possible mechanism explaining the discrep-
ancy between the effect of stress on threat conditioning. Therefore, the first aim of this section
is to exploratively examine if the stress groups of the two studies differ regarding their cortisol

responding to the stress induction.

As already elucidated, besides the modification of the stressor-threat acquisition interval,
adjustments were made for the threat conditioning paradigm from Study 1 to Study 2. On the
one hand, the CS-US contingency was decreased from 100 % (i.e., every CS+ was followed by
the US) to 75 % (partial reinforcement) during threat acquisition. This alteration was carried
out in accordance to the partial reinforcement extinction effect (PREE), which postulates
greater resistance to and slower extinction learning after partial reinforcement during threat
acquisition (Grady, Bowen, Hyde, Totsch, & Knight, 2016; Hochman & Erev, 2013;
Humphreys, 1939). Therefore, if effects of a manipulation on extinction learning is of interest,
partial reinforcement can be chosen and is desirable (Lonsdorf et al., 2017). Hence, the adjust-
ment from 100% to partial reinforcement was applied. However, partial reinforcement was
found to decrease the intensity of conditioned responses (Bloom & McFarlain, 1971,
Dunsmoor et al., 2007; Haselgrove et al., 2004). Hence, the reduced reinforcement rate in Study
2 could have weakened threat acquisition, which consequently could have made it more diffi-
cult to observe differences in extinction learning and memory recall. Furthermore, weakened
threat acquisition due to partial reinforcement could explain why impaired safety learning after

distal stress induction could not have been found in Study 2.

Moreover, the number of extinction learning trials of Study 2 (two blocks of 12 CS
presentations) was larger in comparison to threat acquisition and the number of extinction trials
of Study 1 (16 trials per CS). The greater number of extinction trials in this study was justified
as it was part of a translational project of a collaborative research center (SFB-TRR 58) and
increasing the number of extinction learning trials enhanced the comparability between rodent
and human study. In rodent studies, the number of extinction learning trials often exceed the
amount during threat acquisition to successfully decrease the conditioned responses (Chauveau
et al., 2012; Knox et al., 2012a; Long & Fanselow, 2012; Woon et al., 2020). Additionally, in
some rodent studies the number of extinction trials is individually adjusted until an animal
reaches a predefined extinction criterion (e.g., < 35 % freezing rate for eight out of nine blocks
of CS presentations; King et al., 2017). Nonetheless, this disproportion could allow for en-

hanced extinction learning and could have impeded the effect of stress on threat extinction in
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this study. Thus, this could explain why only weakened extinction learning and no effect on

memory recall was found in Study 2 in comparison to Study 1.

Hence, the second aim of this section is to investigate if the adjustments to the threat
conditioning paradigm could have caused alterations in threat and extinction learning and
thereby interfered with the effect of stress on threat processing. Consequently, this could rep-
resent a possible explanation for the differences found in the two studies of this dissertation.
To examine the effect of threat conditioning adjustments, only the sham groups of the respec-

tive studies were included into analyses to impede the additional influence of stress on learning.

4.2 Statistical analysis

The exploratory analyses of the influence of methodological differences between the two
studies of this dissertation were statistically analyzed with the program R 3.5.1 (R Core Team,
2018) and the packages afex (Singmann et al., 2019) and emmeans package (Lenth, 2018). The
significance level was set to p < .050, effect size index was partial 2, Bonferroni correction

and Greenhouse-Geisser correction of degrees of freedom were applied where necessary.

To examine, if the differences in the effect of stress on threat conditioning are a result of
differences in the stress response, the change in cortisol levels due to stress induction were
compared between the stress groups of the two studies. Therefore, a repeated-measures
ANOVA was calculated with the between-subjects factor group (context-A stress, context-B
stress of Study 1, stress group of Study 2) and the within-subject factor phase (baseline, 30 min
after stress induction). Additionally, to exclude the possibility that differences in cortisol level
are due to initial differences in baseline levels, a one-factorial ANOV A with the between-sub-
jects factor groups was conducted for the increase in cortisol level regarding stress induction
(i.e., the difference score between cortisol level 30 min after stress induction and baseline
level). As groups differed in the number of life events in Study 1, it was further exploratively
investigated whether the number of life events also differed among stress groups of Study 1
and Study 2. Therefore, a one-factorial ANOVA with the between-subjects factor group (con-
text-A stress, context-B stress of Study 1, stress group of Study 2) was conducted and additional
Pearson's product-moment correlations between the cortisol increase from baseline to 30 min

after stress induction and the number of life events per group were calculated.

In the subsequent Study 2, modifications of the threat conditioning paradigm were im-
plemented in comparison to Study 1: the CS-US contingency was reduced from 100% to 75%

during threat acquisition and the number of trials was expanded from 16 to 24 trials per CS
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during extinction learning. To investigate, if these modifications caused changes in threat
and/or extinction learning and thereby, could explain discrepancies between the results of the
two studies, repeated measures ANOVAs were conducted comparing the learning between
studies. Notably, to isolate the confounding effect of distal stress and its various intervals to
threat acquisition between studies, only the sham groups of both studies were included into
analyses. For both analyses of threat acquisition and extinction learning, the ANOV As for all
threat conditioning measures comprised the between-subjects factor study (context-A sham
group of Study 1, sham group of Study 2) and the within-subjects factor stimulus (CS+, CS-)
and phase (for valence, arousal, and fear ratings: pre and post ratings; for startle response and
SCR: mean over first for trials, mean over last for trials). Noteworthy, as the number of extinc-
tion trials differed between studies, the comparison was made between the beginning and end
of extinction for both studies. Thus, for Study 2 the post ratings after Block 2 and the last four
trials of the Block 2 were included as level of the factor phase. As overall successful threat
acquisition and extinction learning was already reported and demonstrated for both studies,
only the effects regarding the differences between the sham groups of the studies (i.e., effects
involving the factor study) are outlined below for the threat conditioning paradigm. As differ-
ences in CS-US contingency between the studies could also have influenced the explicit aware-
ness of the contingency, it was exploratively analyzed whether the two sham groups differed
in the number of aware participants via Chi-squared test. Awareness was again defined as the

difference in US-expectancy ratings for CS+ and CS- after the threat acquisition phase of > 70.
4.3 Results

4.3.1 Differences in cortisol level

Analyses for the comparison of cortisol level between the stress groups of Study 1 and
Study 2 revealed a significant main effect of phase (F(1, 77) = 35.79, p < .001, n,z) =.32) and
group (F(2, 77) = 45.54, p < .001, rhz, =.54), as well as their interaction (F(2, 77) = 6.35, p =
.003, 7, = .14). Subsequent post-hoc simple contrasts (Bonferroni corrected a <.008) indicated
that the stress group of Study 2 had lower cortisol levels during baseline in comparison to the
context-A stress (F(1, 77) = 18.36, p <.001, rhz, =.19) and the context-B stress group (F(1, 77)
=48.71, p <.001, nzz, =.39) of Study 1 (see Figure 25). Moreover, these differences persisted

30 min after stress induction, as the stress group of Study 2 again displayed lower cortisol

levels in comparison to the two stress groups of Study 1 (context-A stress: F(1, 77) =43.03, p
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<.001, nj = .36; context-B stress: F(1, 77) =49.14, p <.001, nj = .39). The two stress groups
of Study 1 did not differ in cortisol level at baseline (F(1, 77) = 3.81, p = .055, 77;% =.05) or
after stress induction (F(1, 77) <1, p =.980, 7712, <.01).

To rule out that the observed differences in cortisol level between the two Studies are
only due to higher baseline cortisol levels, an additional analysis was conducted to compare
the difference score between cortisol level 30 min after stress induction and baseline between
the stress groups. That way, the initial baseline differences can be excluded and differences in
cortisol increase after stress induction can be analyzed. The one-factorial ANOVA returned a
significant main of group (F(2, 77) = 6.35, p = .003, rhz, =.14), which was followed by post-
hoc simple contrasts (Bonferroni corrected a <.017). In line with the aforementioned analysis,
the stress group of Study 2 also showed a dampened increase in cortisol level in comparison to
the context-A stress group of Study 1 (F(1, 77) = 11.77, p < .001, n; = .13). However, no
differences were found between the stress group of Study 2 and the context-B stress group of
Study 1 (F£(1,77)=3.57, p=.063, nzz, =.04) and between the two stress groups of Study 1 (F(1,
77)=2.02, p=.160, nj; = .03).

Taken together, the stress group of Study 2 showed lower cortisol levels both, at baseline

and 30 min after stress induction in comparison to the stress groups of Study 1. Moreover, its
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Figure 25. Manipulation check of the stress groups of both studies.

Depicted are changes in cortisol level after either SECPT (gray bar) for the context-A stress (solid black
line), context-B stress group (solid gray line) of Study 1 and the stress group (dashed black lines) of
Study 1. Both stress groups of Study 1 displayed higher cortisol levels prior to and after stress induction
in comparison to the stress group of Study 2.
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increase due to stress induction was also reduced in comparison to the context-A stress group

of Study 1.

As already reported, the number of experienced life events differed between the groups
in Study 1. Briefly, the context-B stress group had a higher number of life events in comparison
to the context-A stress and sham group, while the context-A stress and sham group did not
differ. Because of the group differences in number of life events in Study 1, an exploratory
analysis was conducted to examine whether the number of life events also differed among the
stress groups of Study 1 and Study 2. Therefore, a one-factorial ANOVA with the between-
subjects factor group (context-A stress of Study 1, context-B stress of Study 1, stress of Study
2) was calculated. Results returned a significant main effect of group (F(2, 87) = 17.76, p <
001, ny = .29), with post-hoc contrasts (Bonferroni corrected a < .017) revealing a higher
number of life events for the context-B stress group of Study 1 (F(1, 87) = 16.57, p <.001, 7712,
= .16) and the stress group of Study 2 (F(1, 87) =34.77, p < .001, nzz, =.29) in comparison to
the context-A stress group. However, the context-B stress group of Study 1 and the stress group
of Study 2 did not differ (F(1, 87) = 1.31, p = .256, 7712, =.01). In additional exploratory corre-
lational analyses, it was investigated via Pearson’s product-moment correlational analyses
whether the differences in number of life events could be associated with the differences in
cortisol increase during stress induction. However, neither for the context-A stress group of
Study 1 (n(21) = .34, p = .113), the context-B stress group of Study 1 (#(20) = .17, p = .444),
nor the stress group of Study 2 (#(43) = .18, p = .234) were the analyses significant. Hence, the
differences in the number of life events cannot be considered as possible explanation for the

differences in cortisol increase after stress induction.

4.3.2 Methodological differences in the threat conditioning paradigm
Ratings

Threat acquisition. Analyses returned a significant main effect of study only for US-
expectancy (F(1, 65) = 4.57, p = .036, n; = .07) but not valence (F(1, 65) = 1.01, p =318, n;
=.02), arousal (F(1, 65) =2.24, p = .139, n; = .03), or fear ratings (F(1, 65) = 3.65, p = .061,
77;% =.05). As can be seen in Figure 26, the sham group of Study 1 (vs. Study 2) reported higher

US-expectancy regardless of CS-type during threat acquisition. Moreover, no interaction in-

volving the factor study returned significant (all p-values > .086).
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US-expectancy ratings
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Figure 26. US-expectancy ratings divided by sham groups of both studies.

Points (with standard errors) depict US-expectancy ratings for the CS+ (black) and CS- (gray) divided
by studies (A. sham group of Study 1, B. sham group of Study 2). The sham group of Study 1 displayed
higher US-expectancy collapsed over both CS-types in comparison to the sham group of Study 2 during
threat acquisition.

Extinction learning. For valence, arousal, and US-expectancy ratings no effect involving
the factor study was significant (all p-values > .100). Analysis for fear ratings yielded a signif-

icant interaction Stimulus x Phase x Study (#(1, 65) = 5.90, p = .018, n; = .08), but no main
effect of study (F(1, 65) <1, p =.744, 77;% <.01) or any other interaction involving the factor
study (all p-values > .683). Follow-up simple contrasts for the three-way interaction (Bonfer-
roni corrected a < .008) showed that only the sham group of Study 2 showed a significant
CS+/CS- differentiation prior to extinction learning (F(1, 65) =22.88, p <.001, n,z) =.26), but
not the sham group of Study 1 (F(1, 65) = 4.62, p =.035, nj = .07). After extinction learning
both, the sham group of Study 2 (F(1, 65) <1, p =.389, 7712, =.01) as well as the sham group of
Study 1 (F(1, 65) = 2.68, p = .107, n,, = .04), did not exert CS discrimination (see Figure 27).
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Fear ratings
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Figure 27. Fear ratings divided by sham groups of both studies.

Lines (with standard errors) depict fear ratings for the CS+ (black lines) and CS- (gray lines) divided by
studies (A. sham group of Study 1, B. sham group of Study 2). Only the sham group of Study 1 displayed
CS+/CS- differentiation prior to extinction learning. Afterwards both groups showed successful extinc-
tion, indicated by the absence of CS differentiation. Bonferroni-corrected simple contrasts * p < .05; **
p <.01; ** p<.001.

Startle response

Threat acquisition. ANOV A results returned a significant interaction Stimulus x Study
(F(1, 61)=4.55, p=.037, nf, =.07). Moreover, no effect involving the factor study was sig-
nificant (all p-values > .105). The significant interaction was followed by simple contrasts
(Bonferroni corrected a < .025), which demonstrated that only the sham group of Study 1
displayed a significant CS+/CS- differentiation (#(1, 61) = 14.54, p < .001, 1, = .19), but not
the sham group of Study 2 (F(1, 61)=2.89, p =.094, rhz, =.05; see Figure 28). Hence, only the
sham group with the CS-US contingency of 100% and not 75% displayed successful CS dif-

ferentiation.
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A. Overall startle response
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Figure 28. Overall and group-divided startle response during threat acquisition for the sham groups of
both studies.

Lines (with standard errors) depict startle responses for the CS+ (black lines) and CS- (gray lines)
collapsed over the context-A sham group of Study 1 and the sham group of Study 2 during threat ac-
quisition and extinction learning (A.), or separately for the context-A sham group of Study 1 (B.) or the
sham group of Study 2 (C.) during threat acquisition. Results indicate that only the context-A sham
group of Study 1 (CS-US contingency of 100%) but not the sham group of Study 2 (CS-US contingency
of 75%) displayed CS+/CS- differentiation during threat acquisition. Bonferroni-corrected simple con-
trasts * p <.05; ** p <.01; *** p < .001; main effect stimulus # p < .05; ## p < .01; ### p < .001.

Extinction learning. Analyses revealed that no group differences were found, as no ef-

fect involving the factor study returned significant (all p-values > .077).
SCR

Threat acquisition. Results revealed a significant interaction Stimulus x Phase x Study
(F(1,53)=4.86, p = .032, nf, = .08). Furthermore, no other effect involving the factor study
turned out significant (all p-values > .291). The significant interaction was followed by simple
contrasts (Bonferroni corrected @ < .012). Neither the sham group of Study 1 (F(1, 53) <1, p
=.984, nj <.01) nor the sham group of Study 2 (F(1, 53) = 6.36, p =015, n; =.11) displayed
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a significant CS+/CS- differentiation during early threat acquisition. This was also the case for
late acquisition (sham group of Study 1: F(1, 53) = 5.01, p = .029, nf, =.09; sham group of
Study 2: F(1, 53) =2.00, p = .163, ny; = .04; see Figure 29).

Extinction learning. The ANOVA returned no significant effect involving the factor
study reached significance (all p-values > .169). Hence, the sham groups of the studies did not

differ regarding extinction learning.

Exploratively, it was investigated whether changes in CS-US contingency from 100% to
75% could also have influenced the CS-US contingency awareness and thereby altered threat

and extinction learning. Therefore, the number of aware participants was compared between
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Figure 29. Overall and group-divided SCR during threat acquisition for the sham groups of both studies.
Lines (with standard errors) depict SCRs for the CS+ (black lines) and CS- (gray lines) collapsed over
the context-A sham group of Study 1 and the sham group of Study 2 during threat acquisition and
extinction learning (A.), or separately for the context-A sham group of Study 1 (B.) or the sham group
of Study 2 (C.) during threat acquisition. Results indicate that despite the significant 3-way interaction,
groups did not show any differences in threat acquisition. Main effect stimulus # p < .05; ## p < .01; ###
p <.001.
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the sham groups of Study 1 and Study 2. Results revealed that the number of participants in the
sham group of Study 1 (n = 14) did not differ from the sham group of Study 2 (n =21; y2(1) =

1.40, p > .237). Interestingly, the number of unaware participants differed (y2(1) = 6.13, p >
.013). Whereas the sham group of Study 1 only comprised nine unaware participants, the sham

group of Study 2 contained 23 unaware participants.

4.4 Discussion

The overall goal of this section was to investigate possible mechanisms that could explain
— besides the modification of stressor-threat acquisition interval and contextual changes — why
the results of the two studies of this dissertation differed. Therefore, data between Study 1 and

Study 2 were compared and analyzed regarding two specific research question.

On the one hand, differences in cortisol levels after stress induction between the stress
groups of Study 1 and Study 2 could provide an explanation for differences in the quality of
the effect of stress on threat conditioning. Results indicated that the stress group of Study 2
displayed lower cortisol levels in comparison to both stress groups of Study 1 (i.e., context-A
and context-B stress group) not only 30 min after stress induction but also at baseline of the
stress day. Moreover, the stress group of Study 2 also yielded a dampened increase from base-
line to after stress induction in comparison to the context-A stress group. As a reminder, the
context-A stress group exerted the extinction impairing effects in Study 1. Hence, the higher
neuroendocrinological stress response to the stressor in Study 1 (vs. Study 2) may account for
the impairments found in extinction learning and memory recall. One could argue that the con-
text-A stress group of Study 1 showed a moderate increase in cortisol level that was leaning
more towards the center of the dose dependency function in comparison to the stress group of
Study 2. As the effect of cortisol on learning and memory follows an inverted U-shape dose
dependency (Joéls, 2006), the higher concentration of cortisol in Study 1 could have caused a
more pronounced effect of the distal stressor on threat conditioning. Moreover, it was explor-
atively investigated whether the number of life events differed between the stress groups and
thereby accounted for differences in stress responsiveness. Although the context-A stress group
of Study 1 displayed a lower number of experienced life events in comparison to the context-
B stress group of Study 1 and the stress group of Study 2, no association was found between
the number of life events and the increase in cortisol level due to stress induction. Therefore, it
cannot be assumed that the number of life events altered the stress reactivity and thereby caused

a differential impact on threat conditioning.
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On the other hand, it was investigated if the adjustments to the threat conditioning para-
digm from Study 1 to Study 2 influenced threat and extinction learning and thereby, could
explain differences found between studies. To impede the additional influence of stress on
threat processing, only the data of the sham groups of Study 1 and Study 2 were included into
analyses. First, it was examined if the decrease in reinforcement rate from 100 % (Study 1) to
75 % (Study 2) affected threat acquisition. The reduction in reinforcement was justified as
partial reinforcement was demonstrated to slow down extinction learning and thus, makes its
application more favorable when investigating an effect of interest on extinction learning
(Hochman & Erev, 2013; Humphreys, 1939; Lonsdorf et al., 2017). However, it is also dis-
cussed that partial reinforcement has the downside of decreasing the intensity of conditioned
responding during threat acquisition (Grady et al., 2016). Results indicate that the different
reinforcement rates did not affect threat acquisition for valence, arousal, and fear ratings as
well as SCR, as no differences in CS+/CS- differentiation were found between Study 1 and
Study 2. Interestingly, the sham group of Study 1 demonstrated CS-independent higher US-
expectancy ratings in comparison to the sham group of Study 2. Although no direct conclusion
can be drawn from this result — as the group differences was independent of CS type — it points
to the direction that the 100 % (vs. 75 %) reinforcement rate in Study 1 increased US-expec-
tancy during threat acquisition. Moreover, only the 100 % reinforcement rate led to a startle
potentiation for the CS+ (vs. CS-), whereas this was not evident with a 75 % reinforcement
rate. Additionally, explorative analyses of group differences in CS-US contingency awareness
revealed that although the sham groups of the two studies did not differ regarding the number
of aware participants, the sham group of Study 2 comprised more unaware participants in com-
parison to the sham group of Study 1. Although it must be kept in mind that the sample size
per group differed (sham group of Study 1: n = 23; sham group of Study 2: n = 44), the per-
centage of unaware participants per group in relation to the total group sample size were higher
in the sham group of Study 2 (52%) in comparison to the sham group of Study 1 (39%). Hence,
these results suggest that decreasing the reinforcement rate from Study 1 to Study 2 weakened
threat acquisition, which is in line with studies, which found reduced frequency and magnitude
of the conditioned response during threat acquisition. For instance, Leonard (1975) also
demonstrated startle potentiation towards the CS+ that was continuously (vs. partially) rein-
forced during threat acquisition. In addition, the decreased intensity of conditioned responding
for partial reinforcement was also found on a level of US-expectancy and SCR (Dunsmoor et
al., 2007; Grady et al., 2016). Consequently, the weakened threat acquisition after partial rein-

forcement in Study 2 could be argued as possible explanation why the effect of distal stress on
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extinction learning was not as profound as in Study 1. Moreover, distal stress in Study 2 did
not affect safety learning during threat acquisition. One could suggest that decreasing the
strength of threat acquisition by partial reinforcement could have hampered the possibility of
finding differences in safety learning due to decreased responding to the CS+ and hence, de-
creased differentiation between CS+ and CS- in general. Noteworthy, the investigation of the
comparison of continuous and partial reinforcement on threat acquisition leads to the conclu-
sion and insight that continuous reinforcement is better suited to examine the effect of stress
on extinction as well as safety learning. Second, the number of extinction trials was increased
from 16 (Study 1) to 24 trials per CS (Study 2). It was argued that this disproportion could have
caused an enhancement in extinction learning and could have impeded the effect of stress on
threat extinction in Study 2. However, results revealed no differences in extinction learning
between studies, as both sham groups displayed successful extinction learning in ratings, startle
response, and SCR. Additionally, groups did not differ in CS+/CS- differentiation during ex-
tinction learning. Thus, increased extinction trials cannot be assumed to facilitated extinction
learning and thereby, did not distort the effect of distal stress on extinction. Noteworthy, the
sham group of Study 2 (i.e., partial reinforcement) in comparison to the sham group of Study
1 displayed a CS+/CS- differentiation prior to extinction learning. However, the differences in
CS discrimination were only evident before extinction learning even occurred and not after-
wards. Therefore, this reported group difference can not be interpreted as an effect of partial

reinforcement on the quality of extinction learning.

Taken together, the aim of this chapter was to exploratively analyze additional mecha-
nisms that could have explained the divergence in results between Study 1 and 2 of this disser-
tation. The stress groups of Study 1 exerted higher cortisol levels in comparison to the stress
group of Study 2 during stress induction. As only moderate concentrations of cortisol facilitate
learning and memory processes, one could argue that the higher cortisol levels in Study 1 were
more efficient to impair extinction learning and memory recall. In addition, the adjustment of
continuous to partial reinforcement during threat acquisition from Study 1 to Study 2, respec-
tively caused a decrease in the intensity of conditioned responding during threat acquisition.
Consequently, the weakened threat acquisition in Study 2 could have made it more difficult to
find differences in extinction learning between groups. Thus, the difference in cortisol levels

during stress induction as well as weakened threat acquisition due to partial reinforcement can
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be alternative explanations of why differences in the effect of distal stress on threat condition-
ing were found between studies. This must be considered when interpreting the divergence in

results.
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5 General discussion

The goal of this dissertation was to experimentally investigate the notion that prior stress
exposure affects a later aversive learning experience. This was realized by examining the effect

of distal stress induction on threat acquisition and extinction in two successive studies.

In Study 1, it could be demonstrated that inducing acute stress 10 days prior to threat
conditioning impaired extinction learning and re-extinction 14 days later. This was evident in
sustained CS+/CS- differentiation on a level of ratings. In addition to the impairment in extinc-
tion learning, stress induction furthermore impaired safety learning during threat acquisition
indicated by startle potentiation towards the CS-. This was further supported by the positive
correlation between cortisol increase from baseline to after stress induction on the stress day
and the startle response to the CS- during acquisition. Interestingly, these effects were only
found when stress induction took place in the same context as the threat conditioning paradigm
(context-A stress) and not in a different context (context-B stress). Thus, suggesting that stress
induction on its own was not strong enough to produce impairments in extinction learning and
safety learning during threat acquisition when placing it 10 days prior to learning. Rather only
the combination of stress induction and the association of stressor and context exhibited im-
paired safety learning and extinction learning during threat acquisition and extinction learning,

respectively.

In Study 2, the findings of Study 1 were extended. The aim was to examine whether distal
stress induction would produce an impairment in extinction learning on its own, i.e. without
the necessity of context association. As an interval of ten days between stress induction and
threat conditioning was too long to elicit the extinction-impairing effect of distal stress without
the association between stressor context, the interval was reduced to 24 h to accomplish more
temporal proximity to the learning paradigm. Also, the stress induction was conducted in a
different context than learning. Like Study 1, results indicate weakened extinction learning on
a level of ratings for the stress in comparison to the sham group. More specifically, the stress
(vs. sham) group displayed sustained CS+/CS- differentiation after the first block of extinction
learning. However, no effect of stress on memory recall, re-extinction or safety learning to-
wards the CS- during threat acquisition were found. Although, correlational analyses support
the result of impaired safety learning to the CS- of Study 1, as the subjective stress ratings after
stress induction significantly correlated with the startle responses of the CS- during acquisition.

Moreover, the startle response of the CS- during Block 2 of extinction learning was negatively
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correlated with the cortisol increase due to stress induction. Hence, the study provides evidence
that distal acute stress (24 h prior to learning) in a different context can also solely impair

extinction learning, although not as pronounced.

5.1 Distal stress impairs extinction learning

As hypothesized, this dissertation could demonstrate impairments in threat extinction af-
ter distal stress exposure in two successive studies. As elaborated in the introduction, the num-
ber of studies investigating pre-acquisition stress induction on threat conditioning is sparse and
not consistent regarding the human literature. Therefore, the studies of this dissertation are of
importance as they represent two additional studies which found an effect of stress on threat
extinction. The result of altered extinction learning of both studies of this dissertation is in line
with the findings of Jackson et al. (2006) and Antov et al. (2013), who found increased condi-
tioned responding to the CS+ or persistent CS+/CS- differentiation during extinction learning,
respectively. In contrast, studies exist which did not find an effect of stress induction on ex-
tinction learning (Antov et al., 2013; Riggenbach et al., 2019). For memory recall and re-ex-
tinction, Study 1 of this dissertation is to our knowledge the only study in humans which found
persistent CS+/CS- differentiation for the stress group in comparison to the sham group for
both, memory recall and re-extinction. This was not the case for Study 2 and the study by Antov
and Stockhorst (2014). Riggenbach et al. (2019) did not find group differences in CS+/CS-

differentiation for memory recall but during re-extinction.

When comparing the studies of this dissertation with the existing human literature, it
must be considered that the placement of stress induction differs. While the available studies
induced stress immediately prior to threat acquisition, our studies are the first which examined
the effect of distal stress (i.e., 24 h or 10 days prior) on threat extinction. With that in mind, a
direct comparison between studies must be done cautiously. Nonetheless, this methodological
difference can also provide a possible explanation for the discrepancy in the results. In sum,
Study 1 of this dissertation found the most pronounced effect of stress on threat extinction, as
it is the only study which found an effect not only for extinction learning, memory recall, or
re-extinction, but for all phases. Whereas all the other studies mentioned — including Study 2 —
only found an effect for one of these phases. As already elucidated, a possible explanation for
the differences in results between Study 1 and 2 is the alteration in contextual change. Study 1
demonstrated augmented effects due to the association between stressor and context. Although

the aforementioned studies also induced acute stress in the same context as threat conditioning,
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stressor placement was immediately prior to threat learning. Thus, the procedure of Study 1
allowed for better consolidation of the contextual information. The hippocampus is crucial for
the processing of contextual information as well as learning and memory (Andreatta et al.,
2015; Bulkin et al., 2016; Rudy, 2009) and undergoes structural and functional changes due to
stress (Leuner & Shors, 2013; Shors et al., 2001; Shors et al., 2004). The greater interval be-
tween stress induction and threat learning could have facilitated the association between
stressor and the context, increased the aversiveness during the threat conditioning paradigm
and thereby produced the most profound effects. In a nutshell, Study 2 as well as the other
studies demonstrate that stress (whether distal or proximal) can demonstrate impairments in
threat extinction without strong context association. However, the association between stress

induction and the context boosts this effect.

As already mentioned, the studies of this dissertation are the only human studies who
examined the effect distal stress on threat conditioning. In rodent models, stress induction is
placed at least one to ten days before the actual learning phase (Chauveau et al., 2012; Maren
& Holmes, 2016). Therefore, a comparison of our findings and rodent studies is also important.
The findings of both studies match the results from rodent studies using different stress induc-
tion protocols. Similar to Study 1 and 2 of this dissertation, extinction learning was impaired
after induction of acute (Chauveau et al., 2012; Izquierdo et al., 2006), traumatic (Yamamoto
et al., 2008), and chronic stress (Chakraborty & Chattarji, 2019). Spontaneous recovery oc-
curred for all different types of stress induction protocols (Chakraborty & Chattarji, 2019;
Chauveau et al., 2012; Garcia et al., 2008; Knox et al., 2012a; Miracle et al., 2006; Wilber et
al., 2011; Yamamoto et al., 2008).

One distinction between rodent and human studies is important to point out: the intensity
of the stress induction protocols used in our studies is relatively mild in comparison to the
animal literature. In fact, severe and traumatic stressors are used in in rodent studies and cause
functional and structural alterations in the amygdala, hippocampus, and PFC (George et al.,
2015; Knox et al., 2012b; Maroun et al., 2013; Rodriguez Manzanares, Isoardi, Carrer, &
Molina, 2005; Wilber et al., 2011). In human studies, these types of stressors are ethically not
justifiable and applicable. In addition, stress induction in rodent studies is always placed in a
different context than the threat conditioning. Hence, rodent studies do not rely on a context
association to demonstrate altered extinction, while in our studies the association between
stressor and context is important to profoundly exhibit the impairments in threat extinction.

Hence, the findings of the studies of this dissertation possibly underlie different mechanisms
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than the rodent literature, which makes a comparison only possible to a certain extend. Possible
mechanisms which could explain how distal stress induction affected threat conditioning in the

studies of this dissertation are outlined in section 5.3.

5.2 Distal stress affects safety learning during acquisition

In a differential threat conditioning paradigm, the CS- does not simply represent a neutral
stimulus, but rather can be seen as a safety cue that signals the absence of danger (Lissek et al.,
2005c; Seligman, 1971). As the (safety) cue is still part of the aversive learning experience but
without being paired with the US, safety learning represents the inhibition of conditioned re-
sponses to the cue (Christianson et al., 2012). An interesting evidence that appeared in both
studies of this dissertation was impaired safety learning for the stress (vs. sham) group during
threat acquisition. In Study 1, this was indicated by startle potentiation towards the CS- for the
context-A stress group and in an exploratory positive correlation between the increase in cor-
tisol level due to stress induction and the CS- startle response during threat acquisition. In Study
2, only correlational evidence emerged, showing a positive correlation between the subjective
stress ratings after stress induction and startle responses towards the CS- during threat acquisi-

tion.

When comparing with the human literature for stress effect on threat conditioning, mixed
results exist for the effect of stress induction on threat acquisition. On the one hand, our results
are in line with the study by Merz et al. (2013), who found attenuated differential responding
between CS+ and CS- on a level of psychophysiological arousal (i.e., SCR) and neuroimaging
during threat acquisition. On the other hand, evidence for facilitated CS discrimination and
potentiated conditioned responding towards the CS+ was found (Jackson et al., 2006;
Riggenbach et al., 2019). As can be seen, results on the effect of stress induction on threat
acquisition are sparse and inconsistent. In accordance to the animal literature, an effect of stress
induction is mostly hypothesized for extinction learning and memory recall and not threat ac-

quisition (Maren & Holmes, 2016).

However, it again must be considered that the stress induction protocol in the studies of
this dissertation are conducted with a higher temporal distance in comparison to other human
studies. One could argue that experiencing the stress exposure more decoupled from threat
acquisition due to the temporal distance could trigger different mechanisms than proximal
stress induction. More specifically, the prior exposure to the stress induction could have put

the individual in a state of sensitivity and thereby hinder the inhibition of conditioned responses
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to the CS-. Appropriately inhibiting conditioned responses towards the CS- and thereby differ-
entiating between safety and danger during threat acquisition is vital for survival in animals.
Moreover, impairments in inhibiting conditioned responses to safety signals represents a key
symptom of PTSD, as patients display hyperarousal and enhanced fear and anxiety in situa-
tions, where it is not appropriate and no danger is present (Christianson et al., 2012). Regarding
threat conditioning, individuals suffering from PTSD displayed increased conditioned re-
sponses towards the CS- in comparison to healthy controls (Blechert et al., 2007) and trauma-
exposed individuals who did not develop PTSD (Glover et al., 2011; Norrholm et al., 2011b;
Orr et al., 2000) during threat acquisition. The AX+/BX- conditional discrimination paradigm
(Jovanovic et al., 2005) as a modification of the summation test (Grillon & Ameli, 2003;
Rescorla, 1971) further represents a well-studied paradigm to investigate safety learning.
Briefly, one pair of colored lights (AX+) is paired with an aversive US, while a different pair
of lights (BX-) were never coupled with the US. When now presenting the combination AB, it
can be tested whether the safety signal (B) inhibits the conditioned response to the threat signal
(A). Healthy participants display a successful discrimination between the threat (AX+) and
safety signal (BX-). AB presentations caused decreased startle response in comparison to AX+,
i.e., the presence of the safety signal B led to an inhibition of conditioned responding during
the ambiguous AB presentation. In contrast, patients suffering from PTSD displayed impair-
ments in safety learning which was evident in startle potentiation to the ambivalent AB stimuli
in comparison to healthy controls and did not differentiate between the threat-cue (AX+) and
the safety-cue (BX-; Jovanovic et al., 2012). In multiple studies, comparing combat veteran
PTSD patients with healthy controls (Jovanovic et al., 2009) and civilian PTSD patients with
trauma-exposed controls who did not develop PTSD (Jovanovic et al., 2010a; Jovanovic et al.,
2010b) yielded a startle potentiation towards the ambiguous AB presentation for the PTSD

groups.

Taken together, threat conditioning and AX+/BX- conditional discrimination studies
combined demonstrate increased conditioned responding towards the presence of a safety cue
in PTSD. Thus, indicating impaired safety learning or impaired inhibition of conditioned threat
responses. The result of impaired safety learning in this dissertation point in the same direction
as the results found for PTSD patients. Noteworthy, a direct comparison is not possible as we
did not examine PTSD patients or trauma-exposed controls. However, our findings give reason
to suggest that the examination of distal stress on threat conditioning could provide an addi-

tional paradigm to further investigate the fundamental mechanisms underlying impaired safety



5. General discussion 156

learning. Moreover, only one aforementioned study furthermore compared healthy controls
with trauma-exposed controls who did not develop PTSD, which found no difference between
trauma-exposed and healthy controls but also between trauma-exposed controls and PTSD pa-
tients (Blechert et al., 2007). Threat conditioning or AX+/BX- conditional discrimination par-
adigms comprising the latter two groups of populations would have presented a better compar-
ison to our study. In addition, future studies should investigate this comparison to provide a
better translational understanding of underlying mechanisms from healthy participants to psy-

chopathology.

5.3 Possible mechanisms explaining effect of distal stress induction

Animal studies investigating the effect of stress induction on threat conditioning and es-
pecially threat extinction allow to ascribe the alterations found in behavior of the animal to
structural and functional changes. For instance, Izquierdo et al. (2006) found that impaired
extinction learning after stress induction was accompanied by a retraction of dendrite branches
in the PFC in mice. Moreover, stressed rats, which showed altered threat conditioning further-
more displayed increased synaptic plasticity in the BLA (Rodriguez Manzanares et al., 2005).
Hence, rodent work does not only allow to behaviorally examine the effect of stress on threat
conditioning but moreover, to examine the underlying neurobiological changes that are asso-
ciated with them. In human studies and therefore also in this dissertation, these investigations
are not possible. Nonetheless, possible mechanisms that could explain how distal stress induc-
tion could have influenced threat and extinction processing in the studies of this dissertation
are discussed. As already described, the association between the stressor and the context was
argued to explain the profound effect of stress on safety learning and threat extinction memory

found in Study 1.

However, in Study 2 the context effect was circumvented and an alteration in extinction
learning was still found. Thus, it seems unlikely that the stressor-context association represents
the only mechanism how distal stress changed threat and extinction processing. A methodo-
logical feature that is important to mention is the timing of the standardized protocol for deter-
mining the individual pain threshold of the US. This occurred 30 min after stress induction, i.e.
during the cortisol peak of the stress response. The amygdala is structurally and functionally
affected by acute stress (Jo€ls & Baram, 2009; Joéls et al., 2011; Mitra et al., 2005) and fur-
thermore receives the input of the US (LeDoux, 2003; Pape & Paré, 2010). Hence, increased

activity in the amygdala due to stress could have caused a facilitation of the aversiveness and
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more importantly of the encoding and consolidation of the confrontation with the US. This
facilitation of US aversiveness and its memory trace could have caused an increased saliency
of the US during threat acquisition either 10 days (Study 1) or 24 h (Study 2) later and thereby,
augmented the learning and/or consolidation of the threat memory trace. Which consequently
led to impairments in extinction learning. Noteworthy, if the stressor had an influence on en-
coding or the aversiveness of the US experience during pain threshold determination, one could
argue that this should result in changes in US reactivity. Though, in both studies the stress
group did not show differences in SCR towards the US during threat acquisition. This finding
could serve as counterevidence for the above described assumption of enhanced aversiveness
of the US due to stress induction. However, a ceiling effect in SCRs can be listed as argument
for the absence of group differences in US reactivity. An alternative approach to investigate if
stress altered the US processing would be to measure brain activity via MRI. Here, possible
differences in amygdala activity between the stress and sham group during US presentation
could represent sufficient evidence for enhanced US encoding, consolidation and aversiveness
due to stress. An alternative way — to explore whether facilitated US encoding and consolida-
tion during the pain threshold determination at the cortisol peak of the stress response consti-
tutes a mechanism of how distal stress influenced threat conditioning — is to reschedule the US
intensity determination prior to threat acquisition and not at the same day as stress induction in
a future study. Thereby, one can prevent the enhanced encoding and consolidation of the US

experience.

Additionally to the facilitated US processing, the exposure to the US during cortisol peak
could have also led to an association between stressor and the US. Prior to threat acquisition,
the US is presented to verify that it is still perceived as mildly painful. By this, the aversiveness
of the US is assured which is critical for threat acquisition to be successful. However, if a
facilitated encoding and consolidation of US exposure or an association between stressor and
US due to stress induction is assumed, the US presentation during aversiveness verification
could also constitute a reminder of the previous distal stress exposure and thus, can provide a
conjunction between stress induction and threat learning. Hence, the phenomena of reconsoli-
dation could have occurred (Nader et al., 2000). During reconsolidation, a former stable, rigid
consolidated memory trace gets retrieved and thereby, goes over into a malleable and unstable
state. When nothing happens, the memory trace returns to a stable memory formation. How-
ever, during the labile state new learning or other manipulations (i.e., pharmacological agents)

can alter the formerly consolidated memory trace before being stabilized again (Lee, 2009;
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Nader & Einarsson, 2010; Nader et al., 2000). For the experimental procedure of the studies of
this dissertation, the US during aversiveness verification could have caused a retrieval of the
facilitated US memory or stressor-US association of the stress day. Therefore, the augmented
US memory or the stress-US association memory trace become unstable and formable during
threat acquisition. Now the US is repeatedly paired with the CS+. As a result, the coupling of
CS+ and US — when the US memory trace is most malleable — could be enhanced and extinction
learning impaired. A possible way one can explore if reconsolidation of the stressor enhanced
US memory trace represents a possible mechanism of altered threat and extinction processing
is by omitting the US presentation prior to threat acquisition. By this, no reminder of the US
and/or stress induction occurs and the US memory trace is not changed into an unstable state
prone for alterations. If the effect on threat and extinction processing would still be evident,
this would suggest that reconsolidation did not intervene with learning processes. However,

this entails the downside that one cannot assure the necessary aversiveness of the US.

In sum, the possible mechanisms described above can be categorized in two possible
mechanism. On the one hand, the association between stressor and context represents a possible
mechanism by which distal stress altered threat and extinction processes. Thus, returning and
being exposed to an aversive context could explain why extinction learning and re-extinction
14 days later are impaired. Moreover, it could explain why the inhibition of conditioned re-
sponses to the CS- during threat acquisition ins impaired. On the other hand, the possible mech-
anisms of facilitated US encoding and consolidation as well as retrieval of the stress memory
due to the US reminder could have influenced threat acquisition and especially its consolida-
tion. Consequently, impairments in extinction learning and recall could have emerged. How-
ever, these assumptions unfortunately cannot be validated by the present studies and as men-

tioned, further studies are needed to address these hypotheses.

5.4 Limitations

There are a few limitations, which applied for both studies and are therefore reported
below for the first time. First, the stress induction used in this dissertation was — as outlined
earlier — very mild. Thus, making a comparison to the animal literature is rather difficult, as
different mechanisms can be expected to cause the impairments in extinction learning. How-
ever, due to important ethical restriction this translational gap cannot be overcome. Second,
only male participants were included in the study. Although reasonable to minimize the com-

plexity of the study designs, investigating how distal stress affects aversive learning in woman
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is crucial as prevalences for PTSD and anxiety disorders are higher in women than in men
(Kessler et al., 2005; Somers et al., 2006). Furthermore, there is a growing body of studies
investigating gender differences in regard to the stress response (Merz & Wolf, 2017) and threat
conditioning (Stockhorst & Antov, 2016). Third, the data for memory recall and re-extinction
presented in both studies comprised an interval of 14 days between extinction learning and re-
extinction. Unfortunately, the recent recall groups (i.e., 24 h interval) could not be included
into Study 2 owing to termination of data acquisition because of the corona pandemic. How-
ever, as most studies examined memory recall with an interval of 24 h, our results are only
partially comparable. Fourth, one goal of Study 2 was to eliminate the effect of context asso-
ciation. Although the laboratory context was changed from stress induction to threat condition-
ing paradigm, the experimenter was identical for both parts of the experiment. One could argue
that the experimenter can also represent an unchanged context and thereby influenced the effect
of stress induction on later threat and extinction processing. Hence, the stress effect found in
Study 2 can still not entirely be ascribed to the stressor. Additionally, decreasing the interval
between stress induction and threat conditioning to 24 h in Study 2 could have also caused a
temporal context. Meaning that the separation between stress induction and threat acquisition
by only one day could promoted a greater relation between stress and threat conditioning. Fifth,
as outlined in section 4 there are a few methodological influencing factors that could also be
considered as explanations for the divergence in results between Study 1 and 2 of this disser-
tation. Especially the adjustment of the reinforcement rate in the threat conditioning paradigms
dampens the comparability of the two studies and the interpretation of the differences in the
findings. However, the analysis of the influence of reinforcement rate on threat acquisition
leads to the suggestion that a continuous reinforcement rate of 100 % is more favorable when
investigating the effect of distal stress on extinction as well as safety learning. Last, it is to be
assumed that the effect of distal stress on threat conditioning in our studies is a rather small.
This is evident in the results for impaired extinction learning being found in different dependent
variables across both studies. Hence, the effect is not robust enough to produce reliable findings
in the same measurements. In addition, the changing and inconsistent significant correlations
between increases in stress measures and conditioned responses to CS+ and CS- during the
different learning phases support this notion. One explanation for the small effect could be the
mild stress induction protocol used in this dissertation. In comparison to the animal studies
where intense or chronic stress is induced, carrying over an effect of a low-intensity acute
stressor as the SECPT on distal threat conditioning logically results in a small effect. Further-

more, a four-day experiment with a design comprising multiple within-subject and a between-
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subjects factor represents a very complex design to detect a small effect of a mild acute stressor
on distal threat conditioning. Moreover, to find an effect in psychophysiological measures re-
quires large sample sizes per group. Here, a large period of time must be expected for data
collection of a representative sample size for such complex and time-consuming experiments.
Therefore, increasing the complexity of the design by additional groups, factor levels, or anal-
yses becomes logistically and financially unfeasible at a certain point. Nonetheless, it is re-
markably that — although not as robust and reliable as in the animal literature — an effect of a

distal mild stressor on threat conditioning still could have been found in humans.

5.5 Clinical implications & future directions

The results found in both studies of this dissertation complement human studies by
demonstrating impaired threat extinction after acute stress induction. In comparison to the ex-
isting human literature on stress effects on threat conditioning, the studies of this dissertation
are to our knowledge the first evidence of extinction impairments in humans after distal stress
exposure. Thereby, our findings not only extend the human literature but furthermore represent
a better paradigm to investigate the notion that prior exposure to stress is a major risk factor
for the development of psychiatric disorders. So far, this experimental investigation was only
conducted in rodents, which found impaired extinction learning and/or spontaneous recovery
after distal stress exposure. However, by demonstrating impaired extinction learning (and
memory recall) after distal stress exposure 10 days and 24 h prior to threat conditioning in
humans, these findings of this dissertation have clinical relevance as they provide additional
experimental support that stress induction can still alter threat processing when being placed
with temporal distance to the learning event. It has to be kept in mind that the quality and
intensity of the acute stress induction used in this dissertation cannot be compared to life events
examined in epidemiological and longitudinal studies in humans (Kessler et al., 2010;
McLaughlin et al., 2012; Weich et al., 2009) and stress induction studies in rodents (Schoner,
Heinz, Endres, Gertz, & Kronenberg, 2017). However, this dissertation tried to approach a
comparison as close as possible to provide additional and supportive evidence from an experi-
mental human investigation. And although the stress-induction protocol is not comparably
strong, the findings of impaired extinction learning in this dissertation let one assume that the
stress induction studies in rodents share basic mechanisms. Thus, the results and the paradigm
used in the studies of this dissertation could give insights into and allow to experimentally

investigate these basic mechanisms and as a result could explain the potential of prior stressful
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experiences on the development of psychiatric disorders. In addition, the studies of this disser-
tation supplied evidence that not only traumatic, intense, or chronic stress makes an individual
vulnerable for later aversive learning events, but that this can also be observed after distal acute
stress induction. As already discussed, distal acute stress required either an association to the
context or to a stimulus (i.e., US delivery) presented in both, stress induction and learning, to
exert its effect on threat and extinction processing in humans. Besides viewing this required
associations solely as limitations, it gives further insights into how stress can establish its effect.
An implication could be that prior stress exposure has a more pronounced effect on later aver-
sive events that are similar to or act as a reminder of parts of the stressful event in comparison
to more dissimilar stressors. This would be in line with findings that different traumatic events
(e.g., natural disasters, intentional human-made disasters as terrorism and war, individual trau-
matic events as rape or maltreatment) have different likelihoods to the emergence of PTSD (La

Greca et al., 2020).

In addition, both studies of this dissertation revealed evidence for impaired safety learn-
ing during threat acquisition for the distal stress group. This effect was mostly found for startle
response. Interestingly, impaired safety learning as measured via startle response constitutes a
biomarker for PTSD (Jovanovic et al., 2012). Thus, it can be argued that distal stress also has
the ability to trigger similar mechanisms which result in the disinhibition of conditioned re-
sponses towards the CS-. However, as impaired safety learning was inconsistently found in our
studies and as its investigation was not a main primary objective of the dissertation’s studies,
further research is needed to examine how a temporally distal placement of an acute stressor
affects safety learning. On the one hand, one could target safety learning as primary aim of the
goal and adjust the current paradigm of the dissertation towards this goal by decreasing com-
plexity and increasing statistical power (e.g., only including the first two days of the experiment
and therefore allowing for an increase in sample size). In subsequent studies, alterations can be
introduced which could further disentangle possible mechanisms explaining the possible safety
learning impairments (e.g., context association or temporal proximity of distal stress). On the
other hand, distal acute stress induction can be added to paradigms, where stress could affect
safety learning or related processing. For instance, the AX+/BX- conditional discrimination
paradigm was often used to investigate impaired safety signaling in PTSD patients (for review
see Jovanovic et al., 2012). By adding a distal stressor to the paradigm, one could examine if

healthy participants display similar startle potentiation towards the ambiguous AB compound.
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This would allow for better translational investigating and disentangling underlying mecha-
nisms for impaired safety learning. In addition, more basic research can be conducted to see if
distal stress alters the emotional processing measured via startle response. As noted, startle
potentiation and attenuation in comparison to neutral pictures is evident during the presentation
of aversive, unpleasant pictures and faces or positive, pleasant stimuli, respectively (Alpers,
Adolph, & Pauli, 2011; Anokhin & Golosheykin, 2010; Vrana et al., 1988). In a future study,
one could investigate the effect of distal stress on startle responses towards neutral, aversive,
and positive pictures or faces. A startle potentiation towards also neutral and positive stimuli
after stress induction would provide further evidence and support that distal stress affects the
processing of safety and/or neutral stimuli. In sum, although the studies of this dissertation
show some evidence for impaired safety learning after distal stress induction, it is important to
further investigate the effect of distal stress on safety signaling. Distal stress seems to provide
a useful tool to examine these processes and could contribute to the understanding of impair-

ments underlying PTSD.

5.6 Conclusion

The overall purpose and goal of this dissertation was to experimentally investigate
whether distal stress induction could alter threat and extinction processing in humans. In two
consecutive studies, it was found that distal stress either induced 10 days (Study 1) or 24 h
(Study 2) prior to a differential threat conditioning paradigm impaired extinction learning, ev-
ident in sustained differentiation between CS+ and CS-. Moreover, distal stress seems to impair
safety learning towards the CS- during threat acquisition especially on an implicit level (i.e.,
startle response). Interestingly, the effects were boosted and more profound when associating
the stressor to the later learning context. The findings of this dissertation are the first experi-
mental evidence in humans that — even if acute and relatively mild — distal stress can still alter
later threat and extinction processing. These results have clinical implications as they can be
translated to the notion that prior stress exposure makes an individual more vulnerable for later

aversive events.



6. References 163

6 References

Abend, R., Gold, A. L., Britton, J. C., Michalska, K. J., Shechner, T., Sachs, J. F., . . . Pine, D.
S. (2020). Anticipatory Threat Responding: Associations With Anxiety, Development,
and Brain Structure. Biol Psychiatry, 87, 916-925. doi:10.1016/j.biopsych.2019.11.006

Adreano, J. M., & Cahill, L. (2006). Glucocorticoid release and memory consolidation in men
and women. Psychological Science, 17, 466-470. doi:https://doi.org/10.1111/1.1467-
9280.2006.01729.x

Alpers, G. W., Adolph, D., & Pauli, P. (2011). Emotional scenes and facial expressions elicit
different psychophysiological responses. Int J Psychophysiol, 80, 173-181.
doi:10.1016/j.ijpsycho.2011.01.010

American Psychiatric Association. (2000). Diagnostic and statistical manual of mental
disorders (4th ed., text rev.). Washington, DC: Author.

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental
disorders (5th ed. Washington, DC: Author.

Andreatta, M., Leombruni, E., Glotzbach-Schoon, E., Pauli, P., & Muhlberger, A. (2015).
Generalization of Contextual Fear in Humans. Behav Ther, 46, 583-596.
doi:10.1016/j.beth.2014.12.008

Andreatta, M., Muhlberger, A., Yarali, A., Gerber, B., & Pauli, P. (2010). A rift between
implicit and explicit conditioned valence in human pain relief learning. Proc Biol Sci,
277,2411-2416. doi:10.1098/rspb.2010.0103

Andreatta, M., Neueder, D., Genheimer, H., Schiele, M. A., Schartner, C., Deckert, J., . . .
Pauli, P. (2019). Human BDNF rs6265 polymorphism as a mediator for the
generalization of contextual anxiety. J Newrosci Res, 97, 300-312.
doi:10.1002/jnr.24345

Andreatta, M., & Pauli, P. (2015). Appetitive vs. Aversive conditioning in humans. Frontiers
in behavioral neuroscience, 9, 128-128. doi:10.3389/fnbeh.2015.00128

Anokhin, A. P., & Golosheykin, S. (2010). Startle modulation by affective faces. Biol Psychol,
83, 37-40. doi:10.1016/j.biopsycho.2009.10.001

Antov, M. 1., Melicherova, U., & Stockhorst, U. (2015). Cold pressor test improves fear
extinction in  healthy men.  Psychoneuroendocrinology, 54,  54-59.
doi:10.1016/j.psyneuen.2015.01.009

Antov, M. 1., & Stockhorst, U. (2014). Stress exposure prior to fear acquisition interacts with
estradiol status to alter recall of fear extinction in humans. Psychoneuroendocrinology,
49, 106-118. doi:10.1016/j.psyneuen.2014.06.022

Antov, M. 1., Wolk, C., & Stockhorst, U. (2013). Differential impact of the first and second
wave of a stress response on subsequent fear conditioning in healthy men. Biol Psychol,
94, 456-468. doi:10.1016/j.biopsycho.2013.08.007

Arborelius, L., Owens, M. J., Plotsky, P. M., & Nemeroff, C. B. (1999). The role of
corticotropin-releasing factor in depression and anxiety disorders. Journal of
Endocrinology, 160, 1-12.

Archbold, G. E., Bouton, M. E., & Nader, K. (2010). Evidence for the persistence of contextual
fear memories following immediate extinction. Eur J Neurosci, 31, 1303-1311.
doi:10.1111/5.1460-9568.2010.07161.x

Aubry, A. V., Serrano, P. A., & Burghardt, N. S. (2016). Molecular Mechanisms of Stress-
Induced Increases in Fear Memory Consolidation within the Amygdala. Front Behav
Neurosci, 10, 191. doi:10.3389/fnbeh.2016.00191

Bale, T. L., & Vale, W. W. (2004). CRF and CRF receptors: role in stress responsivity and
other behaviors. Annu Rev Pharmacol Toxicol, 44, 525-557.
doi:10.1146/annurev.pharmtox.44.101802.121410



https://doi.org/10.1111/j.1467-9280.2006.01729.x
https://doi.org/10.1111/j.1467-9280.2006.01729.x

6. References 164

Baran, S. E., Armstrong, C. E., Niren, D. C., Hanna, J. J., & Conrad, C. D. (2009). Chronic
stress and sex differences on the recall of fear conditioning and extinction. Neurobiol
Learn Mem, 91, 323-332. d0i:10.1016/j.nlm.2008.11.005

Barch, D. M., & Pagliaccio, D. (2020). Stress and the brain: Structural and funcitonal
neuroimaging. In K. L. Harkness & E. P. Hayden (Eds.), The Oxford Handbook of
Stress and Mental Health (pp. 434-462).

Becker-Carus, C., & Wendt, M. (2017). Gedachtnis. In Allgemeine Psychologie (pp. 353-420):
Springer.

Benarroch, E. E. (2017). Locus coeruleus. Cell and Tissue Research, 373, 221-232.
doi:10.1007/s00441-017-2649-1

Bernstein, D. P., Ahluvalia, T., Pogge, D., & Handelsman, L. (1997). Validity of the Childhood
Trauma Questionnaire in an adolsecent psychiatric population. Journal of the American
Academy of  Child & Adolescent Psychiatry, 36, 340-348.
doi:https://doi.org/10.1097/00004583-199703000-00012

Berntson, G. G., Norman, G. J., Bechara, A., Bruss, J., Tranel, D., & Cacioppo, J. T. (2011).
The insula and  evaluative  processes.  Psychol  Sci, 22, 80-86.
doi:10.1177/0956797610391097

Bifulco, A., Brown, G. W., Lillie, A., & Jarvis, J. (1997). Memories of childhood neglect and
abuse: Corroboration in a series of sisters. The Journal of Child Psychology and
Psychiatry, 38, 365-374. doi:https://doi.org/10.1111/].1469-7610.1997.tb01520.x

Bijlsma, E. Y., van Leeuwen, M. L., Westphal, K. G., Olivier, B., & Groenink, L. (2011). Local
repeated corticotropin-releasing factor infusion exacerbates anxiety- and fear-related
behavior: differential involvement of the basolateral amygdala and medial prefrontal
cortex. Neuroscience, 173, 82-92. doi:10.1016/j.neuroscience.2010.11.026

Biondi, M., & Picardi, A. (1999). Psychological stress and neuroendocrine function in humans:
the last two decades of research. Psychotherapy and Psychosomatics, 68, 114-150.
doi:10.1159/000012323

Blanchard, D. C., & Blanchard, R. J. (1988). Ethoexperimental approaches to the biology of
emotion. Annu Rev Psychol, 39, 43-68. doi:10.1146/annurev.ps.39.020188.000355

Blechert, J., Michael, T., Vriends, N., Margraf, J., & Wilhelm, F. H. (2007). Fear conditioning
in posttraumatic stress disorder: Evidence for delayed extinction of autonomic,
experiential, and behavioural responses. Behaviour Research and Therapy, 45, 2019-
2033. doi:10.1016/j.brat.2007.02.012

Bloom, J. M., & McFarlain, R. A. (1971). Hippocampal lesions and the partial reinforcement
effect. Psychological Reports, 29, 831-837. doi:doi:10.2466/pr0.1971.29.3.831

Blumenthal, T. D., Cuthbert, B. N., Filion, D. L., Hackley, S., Lipp, O. V., & van Boxtel, A.
(2005). Committee report: Guidelines for human startle eyeblink electromyographic
studies. Psychophysiology, 42, 1-15. doi:10.1111/j.1469-8986.2005.00271.x

Boddez, Y., Baeyens, F., Luyten, L., Vansteenwegen, D., Hermans, D., & Beckers, T. (2013).
Rating data are underrated: validity of US expectancy in human fear conditioning. J
Behav Ther Exp Psychiatry, 44,201-206. doi:10.1016/j.jbtep.2012.08.003

Boucsein, W. (2012). Electrodermal activity (Springer Science & Business Media.

Boucsein, W., Fowles, D. C., Grimnes, S., Ben-Shakhar, G., roth, W. T., Dawson, M. E., . ..
Society for Psychophysiological Research Ad Hoc Committee on Electrodermal, M.
(2012).  Publication recommendations for electrodermal  measurements.
Psychophysiology, 49, 1017-1034. doi:10.1111/j.1469-8986.2012.01384.x

Bouton, M. E. (2002). Context, ambiguity, and unlearning: sources of relapse after behavioral
extinction. Biol Psychiatry, 52, 976-986. doi:10.1016/s0006-3223(02)01546-9

Bouton, M. E. (2004). Context and behavioral processes in extinction. Learn Mem, 11, 485-
494. doi:10.1101/lm.78804



https://doi.org/10.1097/00004583-199703000-00012
https://doi.org/10.1111/j.1469-7610.1997.tb01520.x

6. References 165

Bouton, M. E., & Bolles, R. C. (1980). Conditioned fear assessed by freezing and by the
suppression of three different baselines. Animal Learning & Behavior, 8, 429-434.
doi:https://doi.org/10.3758/BF03199629

Bradley, M. M., & Lang, P. J. (1994). Measuring emotion: the self-assessment manikin and the
semantic differential. Journal of Behavior Therapy and Experimental Psychiatry, 25,
49-59. doi:https://doi.org/10.1016/0005-7916(94)90063-9

Brown, J. S., Kalisch, H. 1., & Farber, I. E. (1951). Conditioned fear as revealed by magnitude
of startle response to an auditory stimulus. Journal of Experimental Psychology, 41,
317-328. do0i:10.1037/h0060166

Brunello, N., Davidson, J. R., Deahl, M., Kessler, R. C., Mendlewicz, J., Racagni, G., . . .
Zohar, J. (2001). Posttraumatic stress disorder: diagnosis and epidemiology,
comorbidity and social consequences, biology and treatment. Neuropsychobiology, 43,
150-162. doi:10.1159/000054884

Biichel, C., & Dolan, R. J. (2000). Classical fear conditioning in functional neuroimaging.
Current Opinion in Neurobiology, 10, 219-223. doi:https://doi.org/10.1016/S0959-
4388(00)00078-7

Biichel, C., Morris, J., Dolan, R. J., & Friston, K. J. (1998). Brain systems mediating aversive
conditioning: an event-related fMRI study. Neuron, 20, 947-957. doi:10.1016/s0896-
6273(00)80476-6

Bulkin, D. A., Law, L. M., & Smith, D. M. (2016). Placing memories in context: Hippocampal
representations promote retrieval of appropriate memories. Hippocampus, 26, 958-971.
doi:10.1002/hipo.22579

Bush, D. E., Caparosa, E. M., Gekker, A., & Ledoux, J. (2010). Beta-adrenergic receptors in
the lateral nucleus of the amygdala contribute to the acquisition but not the
consolidation of auditory fear conditioning. Front Behav Neurosci, 4, 154.
doi:10.3389/fnbeh.2010.00154

Bush, G., Luu, P., & Posner, M. 1. (2000). Cognitive and emotional influences in anterior
cingulate cortex. Trends Cogn Sci, 4, 215-222. doi:https://doi.org/10.1016/S1364-
6613(00)01483-2

Cahill, L., & McGaugh, J. L. (1996). Modulation of memory storage. Current Opinion in
Neurobiology, 6,237-242. doi:https://doi.org/10.1016/S0959-4388(96)80078-X

Cannon, W. B. (1914). The emergency function of the adrenal medulla in pain and htte major
emotions. American Journal of Physiology-Legacy Content, 33, 356-372.
doi:https://doi.org/10.1152/ajplegacy.1914.33.2.356

Caspi, A., Moffitt, T. E., Thornton, A., D., F., Amell, J. W., Harrington, H., . . . Silva, P. A.
(1996). The life history calendar: A research and clinical assessment method for
collecting retrospective event-history data. International Journal of Methods in
Psychiatric Research, 6, 101-114.

Cerqueira, J. J., Mailliet, F., Almeida, O. F., Jay, T. M., & Sousa, N. (2007). The prefrontal
cortex as a key target of the maladaptive response to stress. J Neurosci, 27, 2781-2787.
doi:10.1523/INEUROSCI.4372-06.2007

Chakraborty, P., & Chattarji, S. (2019). Timing is everything: differential effects of chronic
stress on fear extinction. Psychopharmacology, 236, 73-86. doi:10.1007/s00213-018-
5053-y

Chang, C. H., & Maren, S. (2009). Early extinction after fear conditioning yields a context-
independent and short-term suppression of conditional freezing in rats. Learn Mem, 16,
62-68. d0i:10.1101/Im.1085009

Chauveau, F., Lange, M. D., Jungling, K., Lesting, J., Seidenbecher, T., & Pape, H. C. (2012).
Prevention of stress-impaired fear extinction through neuropeptide s action in the lateral
amygdala. Neuropsychopharmacology, 37, 1588-1599. doi:10.1038/npp.2012.3



https://doi.org/10.3758/BF03199629
https://doi.org/10.1016/0005-7916(94)90063-9
https://doi.org/10.1016/S0959-4388(00)00078-7
https://doi.org/10.1016/S0959-4388(00)00078-7
https://doi.org/10.1016/S1364-6613(00)01483-2
https://doi.org/10.1016/S1364-6613(00)01483-2
https://doi.org/10.1016/S0959-4388(96)80078-X
https://doi.org/10.1152/ajplegacy.1914.33.2.356

6. References 166

Chen, Y., & Baram, T. Z. (2016). Toward Understanding How Early-Life Stress Reprograms
Cognitive and Emotional Brain Networks. Neuropsychopharmacology, 41, 197-206.
doi:10.1038/npp.2015.181

Chen, Y., Dube, C. M., Rice, C. J., & Baram, T. Z. (2008). Rapid Loss of Dendritic Spines
after Stress Involves Derangement of Spine Dynamics by Corticotropin-Releasing
Hormone. Journal of Neuroscience, 28, 2903-2911. doi:10.1523/jneurosci.0225-
08.2008

Chen, Y., Rex, C. S., Rice, C. J., Dube, C. M., Gall, C. M., Lynch, G., & Baram, T. Z. (2010).
Correlated memory defects and hippocampal dendritic spine loss after acute stress
involve corticotropin-releasing hormone signaling. Proc Natl Acad Sci U S A, 107,
13123-13128. doi:10.1073/pnas.1003825107

Christianson, J. P., Fernando, A. B., Kazama, A. M., Jovanovic, T., Ostroff, L. E., & Sangha,
S. (2012). Inhibition of fear by learned safety signals: a mini-symposium review. J
Neurosci, 32, 14118-14124. doi:10.1523/INEUROSCI.3340-12.2012

Contarino, A., Baca, L., Kennelly, A., & Gold, L. H. (2002). Automated assessment of
conditioning parameters for context and cued fear in mice. Learn Mem, 9, §9-96.
doi:10.1101/Im.43002

Cook, S. C., & Wellman, C. L. (2004). Chronic stress alters dendritic morphology in rat medial
prefrontal cortex. J Neurobiol, 60, 236-248. doi:10.1002/neu.20025

Cordero, M. 1., Venero, C., Kruyt, N. D., & Sandi, C. (2003). Prior exposure to a single stress
session facilitates subsequent contextual fear conditioning in rats. Hormones and
behavior, 44, 338-345. doi:10.1016/s0018-506x(03)00160-0

Cornelisse, S., van Ast, V. A., Joels, M., & Kindt, M. (2014). Delayed effects of cortisol
enhance fear memory of trace conditioning. Psychoneuroendocrinology, 40, 257-268.
doi:10.1016/j.psyneuen.2013.11.013

Craig, A. D. B. (2009). How do you feel--now? The anterior insula and human awareness. Nat
Rev Neurosci, 10, 59-70. doi:10.1038/nrn2555

Craske, M. G., Hermans, D., & Vervliet, B. (2018). State-of-the-art and future directions for
extinction as a translational model for fear and anxiety. Philos Trans R Soc Lond B Biol
Sci, 373. d0i:10.1098/rstb.2017.0025

Critchley, H. D. (2002). Electrodermal responses: what happens in the brain. The
Neuroscientist, 8, 132-142. doi:10.1177/107385840200800209

Cui, H., Sakamoto, H., Higashi, S., & Kawata, M. (2008). Effects of single-prolonged stress
on neurons and their afferent inputs in the amygdala. Neuroscience, 152, 703-712.
doi:10.1016/j.neuroscience.2007.12.028

Daldrup, T., Remmes, J., Lesting, J., Gaburro, S., Fendt, M., Meuth, P., . . . Seidenbecher, T.
(2015). Expression of freezing and fear-potentiated startle during sustained fear in mice.
Genes Brain Behav, 14,281-291. doi:10.1111/gbb.12211

Davies, M., Walker, D. L., & Lee, Y. (1997). Roles of the amygdala and bed nucleus of the
stria terminalis in fear and anxiety measured with the acoustic startle reflex. Possible
relevance to PTSD. Annals of the New York Academy of Sciences, 821, 305-331.
doi:10.1111/5.1749-6632.1997.tb48289.x

Davies, M. F., Tsui, J., Flannery, J. A., Li, X., DeLorey, T. M., & Hoffman, B. B. (2004).
Activation of alpha2 adrenergic receptors suppresses fear conditioning: expression of
c-Fos and phosphorylated CREB in mouse amygdala. Neuropsychopharmacology, 29,
229-239. doi:10.1038/sj.npp.1300324

Davis, M., & Whalen, P. J. (2001). The amygdala: vigilance and emotion. Molecular
Psychiatry, 6, 13-34. doi:10.1038/sj.mp.4000812



6. References 167

Dawson, M. E., & Furedy, J. J. (1976). The role of awareness in human differential autonomic
classical conditioning: the necessary-gate hypothesis. Psychophysiology, 13, 50-53.
doi:10.1111/j.1469-8986.1976.tb03336.x

Dawson, M. E., Schell, A. M., & Filion, D. L. (2017). The electrodermal system. In Handbook
of psychophysiology, 4th ed. (pp. 217-243). New York, NY, US: Cambridge University
Press.

de Kloet, E. R., Joéls, M., & Holsboer, F. (2005). Stress and the brain: from adaptation to
disease. Nat Rev Neurosci, 6, 463-475. doi:10.1038/nrn1683

Deslauriers, J., Toth, M., Der-Avakian, A., & Risbrough, V. B. (2018). Current Status of
Animal Models of Posttraumatic Stress Disorder: Behavioral and Biological
Phenotypes, and Future Challenges in Improving Translation. Biol Psychiatry, 83, 895-
907. doi:10.1016/j.biopsych.2017.11.019

Diamond, D. M., Campbell, A. M., Park, C. R., Halonen, J., & Zoladz, P. R. (2007). The
temporal dynamics model of emotional memory processing: a synthesis on the
neurobiological basis of stress-induced amnesia, flashbulb and traumatic memories,
and the Yerkes-Dodson law. Neural Plast, 2007, 60803. doi:10.1155/2007/60803

Diaz-Mataix, L., Piper, W. T., Schiff, H. C., Roberts, C. H., Campese, V. D., Sears, R. M., &
LeDoux, J. E. (2017). Characterization of the amplificatory effect of norepinephrine in
the acquisition of Pavlovian threat associations. Learning & Memory, 24, 432-439.
doi:10.1101/Im.044412.116

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol responses: a theoretical
integration and synthesis of laboratory research. Psychol Bull, 130, 355-391.
doi:10.1037/0033-2909.130.3.355

Donohue, H. S., Gabbott, P. L., Davies, H. A., Rodriguez, J. J., Cordero, M. L., Sandi, C., . . .
Stewart, M. G. (2006). Chronic restraint stress induces changes in synapse morphology
in stratum lacunosum-moleculare CA1 rat hippocampus: a stereological and three-
dimensional ultrastructural study. Neuroscience, 140, 597-606.
doi:10.1016/j.neuroscience.2006.02.072

Drexler, S. M., Merz, C. J., & Wolf, O. T. (2018). Preextinction Stress Prevents Context-
Related Renewal of Fear. Behav Ther, 49, 1008-1019. doi:10.1016/j.beth.2018.03.001

Dudai, Y. (2006). Reconsolidation: the advantage of being refocused. Curr Opin Neurobiol,
16, 174-178. doi:10.1016/j.conb.2006.03.010

Dudai, Y., Karni, A., & Born, J. (2015). The Consolidation and Transformation of Memory.
Neuron, 88, 20-32. doi:10.1016/j.neuron.2015.09.004

Duits, P., Cath, D. C., Lissek, S., Hox, J. J., Hamm, A. O., Engelhard, I. M., . . . Baas, J. M.
(2015). Updated meta-analysis of classical fear conditioning in the anxiety disorders.
Depress Anxiety, 32, 239-253. doi:10.1002/da.22353

Duits, P., Richter, J., Baas, J. M. P., Engelhard, I. M., Limberg-Thiesen, A., Heitland, L., . . .
Cath, D. C. (2017). Enhancing effects of contingency instructions on fear acquisition
and extinction in anxiety disorders. Journal of Abnormal Psychology, 126, 378-391.
doi:10.1037/abn0000266

Dunsmoor, J. E., Bandettini, P. A., & Knight, D. C. (2007). Impact of continuous versus
intermittent CS-UCS pairing on human brain activation during Pavlovian fear
conditioning. Behav Neurosci, 121, 635-642. doi:10.1037/0735-7044.121.4.635

Esteves, F., Parra, C., Dimberg, U., & Ohman, A. (1994). Nonconscious associative learning:
Pavlovian conditioning of skin conductance responses to masked fear-relevant facial
stimuli.  Psychophysiology, 31, 375-385. doi:https://doi.org/10.1111/].1469-
8986.1994.tb02446.x



https://doi.org/10.1111/j.1469-8986.1994.tb02446.x
https://doi.org/10.1111/j.1469-8986.1994.tb02446.x

6. References 168

Etkin, A., & Wager, T. D. (2007). Functional neuroimaging of anxiety: a meta-analysis of
emotional processing in PTSD, social anxiety disorder, and specific phobia. 4m J
Psychiatry, 164, 1476-1488. doi:10.1176/appi.ajp.2007.07030504

Evans, G. W., Li, D., & Whipple, S. S. (2013). Cumulative risk and child development.
Psychological Bulletin, 139, 1342-1396. doi:10.1037/a0031808

Ewald, H., Glotzbach-Schoon, E., Gerdes, A. B., Andreatta, M., Muller, M., Muhlberger, A.,
& Pauli, P. (2014). Delay and trace fear conditioning in a complex virtual learning
environment-neural substrates of extinction. Front Hum Neurosci, 8, 323.
doi:10.3389/fnhum.2014.00323

Falls, W. A. (2002). Fear-Potentiated Startle in Mice. Current protocols in neuroscience, 19,
8.11 B. 11-18.11 B. 16.

Falls, W. A., Carlson, S., Turner, J. G., & Willott, J. F. (1997). Fear-potentiated startle in two
strains of inbred mice. Behavioral Neuroscience, 111, 855.

Fanselow, M. S. (1980). Conditioned and unconditional components of post-shock freezing.
Pavlovian Journal of Biological Science, 15, 177-182. doi:10.1007/bf03001163
Fanselow, M. S. (1994). Neural organization of the defensive behavior system responsible for

fear. Psychonomic Bulletin & Review, 1,429-438. doi1:10.3758/BF03210947

Fanselow, M. S. (2010). From contextual fear to a dynamic view of memory systems. Trends
Cogn Sci, 14, 7-15. doi:10.1016/j.tics.2009.10.008

Fanselow, M. S., & Bolles, R. C. (1979). Naloxone and shock-elicited freezing in the rat.
Journal of Comparative and Physiological Psychology, 93, 736-744.
doi:10.1037/h0077609

Fanselow, M. S., Calcagnetti, D. J., & Helmstetter, F. J. (1988). Peripheral versus
intracerebroventricular administration of quaternary naltrexone and the enhancement
of Pavlovian conditioning. Brain Research, 444, 147-152.
doi:https://doi.org/10.1016/0006-8993(88)90921-3

Fanselow, M. S., & Poulos, A. M. (2005). The neuroscience of mammalian associative
learning. Annu Rev Psychol, 56, 207-234.
doi:10.1146/annurev.psych.56.091103.070213

Fendt, M., & Fanselow, M. S. (1999). The neuroanatomical and neurochemical basis of
conditioned fear. Neurosci Biobehav Rev, 23, 743-760. doi:10.1016/s0149-
7634(99)00016-0

Fendt, M., & Koch, M. (2013). Translational value of startle modulations. Cel/ Tissue Res, 354,
287-295. doi:10.1007/s00441-013-1599-5

Foote, S. L., & Morrison, J. H. (1987). Extrathalamic modulation of cortical function. Annu
Rev Neurosci, 10, 67-95. doi:10.1146/annurev.ne.10.030187.000435

Frodl, T., Reinhold, E., Koutsouleris, N., Reiser, M., & Meisenzahl, E. M. (2010). Interaction
of childhood stress with hippocampus and prefrontal cortex volume reduction in major
depression. Journal of Psychiatric Research, 44, 799-807.
doi:10.1016/j.jpsychires.2010.01.006

Fuge, P., Aust, S., Fan, Y., Weigand, A., Gartner, M., Feeser, M., . . . Grimm, S. (2014).
Interaction of early life stress and corticotropin-releasing hormone receptor gene:
effects on working memory. Biol Psychiatry, 76, 888-894.
doi:10.1016/j.biopsych.2014.04.016

Fullana, M. A., Harrison, B. J., Soriano-Mas, C., Vervliet, B., Cardoner, N., Avila-Parcet, A.,
& Radua, J. (2016). Neural signatures of human fear conditioning: an updated and
extended meta-analysis of fMRI studies. Mol Psychiatry, 21, 500-508.
doi:10.1038/mp.2015.88

Garcia, R., Spennato, G., Nilsson-Todd, L., Moreau, J.-L., & Deschaux, O. (2008).
Hippocampal low-frequency stimulation and chronic mild stress similarly disrupt fear



https://doi.org/10.1016/0006-8993(88)90921-3

6. References 169

extinction memory in rats. Neurobiology of Learning and Memory, 89, 560-566.
doi:10.1016/.nlm.2007.10.005

Genheimer, H., Andreatta, M., Asan, E., & Pauli, P. (2017). Reinstatement of contextual
conditioned anxiety in virtual reality and the effects of transcutaneous vagus nerve
stimulation in humans. Sci Rep, 7, 17886. doi:10.1038/s41598-017-18183-3

George, S. A., Rodriguez-Santiago, M., Riley, J., Rodriguez, E., & Liberzon, 1. (2015). The
effect of chronic phenytoin administration on single prolonged stress induced extinction
retention deficits and glucocorticoid upregulation in the rat medial prefrontal cortex.
Psychopharmacology (Berl), 232, 47-56. doi:10.1007/s00213-014-3635-x

Giles, G. E., Mahoney, C. R., Brunye, 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, €113618. doi:10.1371/journal.pone.0113618

Gillespie, C. F., Bradley, B., Mercer, K., Smith, A. K., Conneely, K., Gapen, M., . . . Ressler,
K. J. (2009). Trauma exposure and stress-related disorders in inner city primary care
patients. General Hospital Psychiatry, 31, 505-514.
doi:10.1016/j.genhosppsych.2009.05.003

Giustino, T. F., & Maren, S. (2018). Noradrenergic Modulation of Fear Conditioning and
Extinction. Front Behav Neurosci, 12, 43. doi:10.3389/fnbeh.2018.00043

Giustino, T. F., Ramanathan, K. R., Totty, M. S., Miles, O. W., & Maren, S. (2020). Locus
Coeruleus Norepinephrine Drives Stress-Induced Increases in Basolateral Amygdala
Firing and Impairs Extinction Learning. J  Neurosci, 40, 907-916.
doi:10.1523/JINEUROSCI.1092-19.2019

Glotzbach-Schoon, E., Tadda, R., Andreatta, M., Troger, C., Ewald, H., Grillon, C., . . .
Muhlberger, A. (2013). Enhanced discrimination between threatening and safe contexts
in high-anxious individuals. Biol Psychol, 93, 159-166.
doi:10.1016/j.biopsycho.2013.01.011

Glover, E. M., Phifer, J. E., Crain, D. F., Norrholm, S. D., Davis, M., Bradley, B., . . .
Jovanovic, T. (2011). Tools for translational neuroscience: PTSD is associated with
heightened fear responses using acoustic startle but not skin conductance measures.
Depress Anxiety, 28, 1058-1066. doi:10.1002/da.20880

Goldstein, R. B., Smith, S. M., Chou, S. P., Saha, T. D., Jung, J., Zhang, H., . . . Grant, B. F.
(2016). The epidemiology of DSM-5 posttraumatic stress disorder in the United States:
results from the National Epidemiologic Survey on Alcohol and Related Conditions-
II.  Social Psychiatry and Psychiatric — Epidemiology, 51, 1137-1148.
doi:10.1007/s00127-016-1208-5

Golkar, A., & Ohman, A. (2012). Fear extinction in humans: effects of acquisition-extinction
delay and masked stimulus presentations. Biol Psychol, 91, 292-301.
doi:10.1016/j.biopsycho.2012.07.007

Gottfried, J. A., O'Doherty, J., & Dolan, R. J. (2002). Appetitive and Aversive Olfactory
Learning in Humans Studied Using Event-Related Functional Magnetic Resonance
Imaging. The Journal of Neuroscience, 22, 10829-10837.
doi:10.1523/JNEUROSCI.22-24-10829.2002

Grady, A. K., Bowen, K. H., Hyde, A. T., Totsch, S. K., & Knight, D. C. (2016). Effect of
continuous and partial reinforcement on the acquisition and extinction of human
conditioned fear. Behav Neurosci, 130, 36-43. doi:10.1037/bne0000121

Graham, B. M., & Milad, M. R. (2011). The study of fear extinction: implications for anxiety
disorders. Am J Psychiatry, 168, 1255-1265. doi:10.1176/appi.ajp.2011.11040557

Gray, J. A. (1981). A critique of Eysenck’s theory of personality. In H. J. Eysenck (Ed.), 4
model for personality (pp. 246-276). New York: Springer.



6. References 170

Greco, J. A., & Liberzon, I. (2016). Neuroimaging of Fear-Associated Learning.
Neuropsychopharmacology, 41, 320-334. doi:10.1038/npp.2015.255

Grillon, C., & Ameli, R. (2003). Conditioned inhibition of fear-potentiated startle and skin
conductance in humans. Psychophysiology, 38, 807-815.
doi:https://doi.org/10.1111/1469-8986.3850807

Grillon, C., Ameli, R., Wood, S. W., Merikangas, K., & Davis, M. (1991). Fear-potentiated
startle in humans: effects of anticipatory anxiety on the acoustic blink reflex.
Psychophysiology, 28, 588-595. doi:10.1111/j.1469-8986.1991.tb01999.x

Grillon, C., & Baas, J. (2003). A review of the modulation of the startle reflex by affective
states and its application in psychiatry. Clinical Neurophysiology, 114, 1557-1579.
doi:10.1016/s1388-2457(03)00202-5

Grillon, C., Cordova, J., Morgan, C. A., Charney, D. S., & Davis, M. (2004). Effects of the
beta-blocker propranolol on cued and contextual fear conditioning in humans.
Psychopharmacology (Berl), 175, 342-352. doi:10.1007/s00213-004-1819-5

Grillon, C., Robinson, O. J., Cornwell, B., & Ernst, M. (2019). Modeling anxiety in healthy
humans: a key intermediate bridge between basic and clinical sciences.
Neuropsychopharmacology, 44, 1999-2010. doi:10.1038/s41386-019-0445-1

Gronwall, D. M. A. (1977). Paced Auditory Serial-Addition Task: A Measure of Recovery
from Concussion Percept Mot Skills, 44, 367-373.
doi:https://doi.org/10.2466/pms.1977.44.2.367

Guastella, A. J., Lovibond, P. F., Dadds, M. R., Mitchell, P., & Richardson, R. (2007). A
randomized controlled trial of the effect of D-cycloserine on extinction and fear
conditioning in humans. Behav Res Ther, 45, 663-672. doi:10.1016/j.brat.2006.07.005

Haaker, J., Golkar, A., Hermans, D., & Lonsdorf, T. B. (2014). A review on human
reinstatement studies: an overview and methodological challenges. Learn Mem, 21,
424-440. doi:10.1101/Im.036053.114

Haaker, J., Maren, S., Andreatta, M., Merz, C. J., Richter, J., Richter, S. H., . . . Lonsdorf, T.
B. (2019). Making translation work: Harmonizing cross-species methodology in the
behavioural neuroscience of Pavlovian fear conditioning. Neurosci Biobehav Rev, 107,
329-345. doi:10.1016/j.neubiorev.2019.09.020

Hamacher-Dang, T. C., Merz, C. J., & Wolf, O. T. (2015). Stress following extinction learning
leads to a context-dependent return of fear. Psychophysiology, 52, 489-498.
doi:10.1111/psyp.12384

Hamm, A. O. (2015). Fear-Potentiated Startle. In International Encyclopedia of the Social &
Behavioral Sciences (pp. 860-867).

Hamm, A. O., Greenwald, M. K., Bradley, M. M., & Lang, P. J. (1993). Emotional learning,
hedonic change, and the startle probe. Journal of Abnormal Psychology, 102, 453,465.
doi:10.1037//0021-843x.102.3.453

Hamm, A. O., & Vaitl, D. (1996). Affective learning: awareness and aversion.
Psychophysiology, 33, 698-710. doi:10.1111/j.1469-8986.1996.tb02366.x

Hamm, A. O., & Weike, A. L. (2005). The neuropsychology of fear learning and fear regulation.
Int J Psychophysiol, 57, 5-14. d0i:10.1016/}.ijpsych0.2005.01.006

Hanson, J. L., Nacewicz, B. M., Sutterer, M. J., Cayo, A. A., Schaefer, S. M., Rudolph, K. D.,
... Davidson, R. J. (2015). Behavioral problems after early life stress: contributions of
the  hippocampus and amygdala.  Biol  Psychiatry, 77,  314-323.
doi:10.1016/j.biopsych.2014.04.020

Haselgrove, M., Aydin, A., & Pearce, J. M. (2004). A partial reinforcement extinction effect
despite equal rates of reinforcement during Pavlovian conditioning. J Exp Psychol Anim
Behav Process, 30, 240-250. doi:10.1037/0097-7403.30.3.240



https://doi.org/10.1111/1469-8986.3850807
https://doi.org/10.2466/pms.1977.44.2.367

6. References 171

Hassert, D. L., Miyashita, T., & Williams, C. L. (2004). The effects of peripheral vagal nerve
stimulation at a memory-modulating intensity on norepinephrine output in the
basolateral amygdala. Behav Neurosci, 118, 79-88. doi:10.1037/0735-7044.118.1.79

Hautzinger, M., Keller, F., & Kiihner, C. (2006). Beck depressions-inventar (BDI-11) (Harcourt
Test Services Frankfurt.

Hermans, D., Dirikx, T., Vansteenwegen, D., Baeyens, F., Van den Bergh, O., & Eelen, P.
(2005). Reinstatement of fear responses in human aversive conditioning. Behav Res
Ther, 43, 533-551. doi:10.1016/j.brat.2004.03.013

Hermans, E. J., Henckens, M. J., Joels, M., & Fernandez, G. (2014). Dynamic adaptation of
large-scale brain networks in response to acute stressors. Trends Neurosci, 37,304-314.
doi:10.1016/j.tins.2014.03.006

Hernandez, L. L., & Powell, D. A. (1980). Effects of naloxone on pavlovian conditioning of
eyeblink and hear rate responses in rabbits. Life Sciences, 27, 863-869.
doi:https://doi.org/10.1016/0024-3205(80)90081-8

Herry, C., Ciocchi, S., Senn, V., Demmou, L., Muller, C., & Luthi, A. (2008). Switching on
and off fear by distinct neuronal circuits. Nature, 454, 600-606.
doi:10.1038/nature07166

Hochman, G., & Erev, L. (2013). The partial-reinforcement extinction effect and the contingent-
sampling hypothesis. Psychon Bull Rev, 20, 1336-1342. doi:10.3758/s13423-013-
0432-1

Hollis, F., Sevelinges, Y., Grosse, J., Zanoletti, O., & Sandi, C. (2016). Involvement of CRFR1
in the Basolateral Amygdala in the Immediate Fear Extinction Deficit. eNeuro, 3.
doi:10.1523/ENEURO.0084-16.2016

Homan, P., Lin, Q., Murrough, J. W., Soleimani, L., Bach, D. R., Clem, R. L., & Schiller, D.
(2017). Prazosin during threat discrimination boosts memory of the safe stimulus.
Learn Mem, 24, 597-601. doi:10.1101/Im.045898.117

Huft, N. C., Hernandez, J. A., Blanding, N. Q., & LaBar, K. S. (2009). Delayed extinction
attenuates conditioned fear renewal and spontaneous recovery in humans. Behav
Neurosci, 123, 834-843. doi:10.1037/a0016511

Hui, G. K., Figueroa, I. R., Poytress, B. S., Roozendaal, B., McGaugh, J. L., & Weinberger, N.
M. (2004). Memory enhancement of classical fear conditioning by post-training
injections of corticosterone in rats. Neurobiol Learn Mem, 81, 67-74.
doi:10.1016/j.nlm.2003.09.002

Humphreys, L. G. (1939). The effect of random alternation of reinforcement on the acquisition
and extinction of conditioned eyelid reactions. Journal of Experimental Psychology,
25, 141-158. doi:https://doi.org/10.1037/h0058138

Huot, R. L., Plotsky, P. M., Lenox, R. H., & McNamara, R. K. (2002). Neonatal maternal
separation reduces hippocampal mossy fiber density in adult Long Evans rats. Brain
Research, 950, 52-63. doi:10.1016/s0006-8993(02)02985-2

Husarewycz, M. N., El-Gabalawy, R., Logsetty, S., & Sareen, J. (2014). The association
between number and type of traumatic life experiences and physical conditions in a
nationally  representative = sample. Gen  Hosp  Psychiatry, 36, 26-32.
doi:10.1016/j.genhosppsych.2013.06.003

Isogawa, K., Bush, D. E., & LeDoux, J. E. (2013). Contrasting effects of pretraining,
posttraining, and pretesting infusions of corticotropin-releasing factor into the lateral
amygdala: attenuation of fear memory formation but facilitation of its expression. Biol
Psychiatry, 73, 353-359. doi:10.1016/j.biopsych.2012.08.021

Izquierdo, A., Wellman, C. L., & Holmes, A. (2006). Brief uncontrollable stress causes
dendritic retraction in infralimbic cortex and resistance to fear extinction in mice. J
Neurosci, 26, 5733-5738. doi:10.1523/JNEUROSCI.0474-06.2006



https://doi.org/10.1016/0024-3205(80)90081-8
https://doi.org/10.1037/h0058138

6. References 172

Izquierdo, L. A., Barros, D. M., Medina, J. H., & Izquierdo, I. (2002). Stress hormones enhance
retrieval of fear conditioning acquired either one day or many months before.
Behavioral Pharmacology, 13,203-213. doi:10.1097/00008877-200205000-00003

Jackson, E. D., Payne, J. D., Nadel, L., & Jacobs, W. J. (2006). Stress differentially modulates
fear conditioning in healthy men and women. Biol Psychiatry, 59, 516-522.
doi:10.1016/j.biopsych.2005.08.002

Jacobs, N. S., Cushman, J. D., & Fanselow, M. S. (2010). The accurate measurement of fear
memory in Pavlovian conditioning: Resolving the baseline issue. Journal of
Neuroscience Methods, 190, 235-239. doi:10.1016/j.jneumeth.2010.04.029

Jin, X. C,, Ly, Y. F,, Yang, X. F., Ma, L., & Li, B. M. (2007). Glucocorticoid receptors in the
basolateral nucleus of amygdala are required for postreactivation reconsolidation of
auditory fear memory. FEur J Neurosci, 25, 3702-3712. doi:10.1111/5.1460-
9568.2007.05621.x

Joé€ls, M. (2006). Corticosteroid effects in the brain: U-shape it. Trends Pharmacol Sci, 27,
244-250. doi:10.1016/].tips.2006.03.007

Joéls, M., & Baram, T. Z. (2009). The neuro-symphony of stress. Nature reviews.
Neuroscience, 10, 459-466. doi:10.1038/nrn2632

Joéls, M., Fernandez, G., & Roozendaal, B. (2011). Stress and emotional memory: a matter of
timing. Trends Cogn Sci, 15, 280-288. doi:10.1016/j.tics.2011.04.004

Joéls, M., Karst, H., Krugers, H. J., & Lucassen, P. J. (2007). Chronic stress: implications for
neuronal morphology, function and neurogenesis. Front Neuroendocrinol, 28, 72-96.
doi:10.1016/.yfrne.2007.04.001

Josselyn, S. A., Kohler, S., & Frankland, P. W. (2015). Finding the engram. Nat Rev Neurosci,
16, 521-534. doi:10.1038/nrn4000

Jovanovic, T., Kazama, A., Bachevalier, J., & Davis, M. (2012). Impaired safety signal learning
may be a biomarker of PTSD. Neuropharmacology, 62, 695-704.
doi:10.1016/j.neuropharm.2011.02.023

Jovanovic, T., Keyes, M., Fiallos, A., Myers, K. M., Davis, M., & Duncan, E. J. (2005). Fear
potentiation and fear inhibition in a human fear-potentiated startle paradigm. Bio/
Psychiatry, 57, 1559-1564. doi:10.1016/j.biopsych.2005.02.025

Jovanovic, T., Norrholm, S. D., Blanding, N. Q., Davis, M., Duncan, E., Bradley, B., & Ressler,
K. J. (2010a). Impaired fear inhibition is a biomarker of PTSD but not depression.
Depress Anxiety, 27, 244-251. doi:10.1002/da.20663

Jovanovic, T., Norrholm, S. D., Blanding, N. Q., Phifer, J. E., Weiss, T., Davis, M., . . . Ressler,
K. (2010b). Fear potentiation is associated with hypothalamic-pituitary-adrenal axis
function in PTSD. Psychoneuroendocrinology, 35, 846-857.
doi:10.1016/j.psyneuen.2009.11.009

Jovanovic, T., Norrholm, S. D., Fennell, J. E., Keyes, M., Fiallos, A. M., Myers, K. M., . . .
Duncan, E. J. (2009). Posttraumatic stress disorder may be associated with impaired
fear inhibition: relation to symptom severity. Psychiatry Res, 167, 151-160.
doi:10.1016/j.psychres.2007.12.014

Kalisch, R., Korenfeld, E., Stephan, K. E., Weiskopf, N., Seymour, B., & Dolan, R. J. (2006).
Context-dependent human extinction memory is mediated by a ventromedial prefrontal
and hippocampal network. J Neurosci, 26, 9503-9511.
doi:10.1523/JINEUROSCI.2021-06.2006

Karst, H., Berger, S. Y., Turiault, M., Tronche, F., Schiitz, G., & Joé€ls, M. (2005).
Mineralocorticoid receptors are indispensable for nongenomic modulation of
hippocampal glutamate transmission by corticosterone. Proceedings of the National
Academy of Sciences, 102, 19204-19207. doi:https://doi.org/10.1073/pnas.0507572102



https://doi.org/10.1073/pnas.0507572102

6. References 173

Kessler, R. C. (2000). Posttraumatic stress disorder: The burden to the individual and to society.
The Journal of clinical psychiatry, 61, 4-12.

Kessler, R. C., Berglund, P., Demler, O., Jin, R., Merikangas, K. R., & Walters, E. E. (2005).
Lifetime prevalence and age-of-onset distributions of DSM-IV disorders in the National
Comorbidity Survey Replication. Archives of General Psychiatry, 62, 593-602.
doi:10.1001/archpsyc.62.6.593

Kessler, R. C., McLaughlin, K. A., Green, J. G., Gruber, M. J., Sampson, N. A., Zaslavsky, A.
M., . .. Williams, D. R. (2010). Childhood adversities and adult psychopathology in
the WHO World Mental Health Surveys. Br J Psychiatry, 197, 378-385.
doi:10.1192/bjp.bp.110.080499

Khan, S., & Liberzon, 1. (2004). Topiramate attenuates exaggerated acoustic startle in an
animal model of PTSD. Psychopharmacology, 172,225-229. doi:10.1007/s00213-003-
1634-4

Kilpatrick, D. G., Resnick, H. S., Milanak, M. E., Miller, M. W., Keyes, K. M., & Friedman,
M. J. (2013). National Estimates of Exposure to Traumatic Events and PTSD
Prevalence UsingDSM-1VandDSM-5Criteria. Journal of Traumatic Stress, 26, 537-
547. doi:10.1002/jts.21848

Kim, J. J., & Diamond, D. M. (2002). The stressed hippocampus, synaptic plasticity and lost
memories. Nat Rev Neurosci, 3,453-462. doi:10.1038/nrn849

Kim, J. J., & Jung, M. W. (2006). Neural circuits and mechanisms involved in Pavlovian fear
conditioning: a critical review. Neurosci Biobehav Rev, 30, 188-202.
doi:10.1016/j.neubiorev.2005.06.005

King, G., Scott, E., Graham, B. M., & Richardson, R. (2017). Individual differences in fear
extinction and anxiety-like behavior. Learning & Memory, 24, 182-190.
doi:10.1101/Im.045021.117

Kirby, L. G., Rice, K. C., & Valentino, R. J. (2000). Effects of corticotropin-releasing factor
on neuronal activity in  the serotonergic dorsal raphe nucleus.
Neuropsychopharmacology, 22, 148-162. doi:10.1016/S0893-133X(99)00093-7

Kirschbaum, C., & Hellhammer, D. H. (1989). Salivary cortisol in psychobiological research:
an overview. Neuropsychobiology, 22, 150-169. doi:10.1159/000118611

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, 76-81. doi:https://doi.org/10.1159/000119004

Klerman, G. L., Weissman, M. M., Ouellette, R., Johnson, J., & Greenwald, S. (1991). Panic
attacks in the community. Social morbidity and health care utilization. JAMA, 265, 742-
746. doi:10.1001/jama.1991.03460060074027

Klinitzke, G., Romppel, M., Hauser, W., Brihler, E., & Glaesmer, H. (2012). Die Deutsche
version des Childhood Trauma Questionnaire (CTQ)—Psychometrische eigenschaften
in einer bevolkerungsreprédsentativen stichprobe [The German version of the Childhood
Trauma Questionnaire (CTQ)—Psychometric characteristics in a representative sample
of the general population]. PPmP: Psychotherapie Psychosomatik Medizinische
Psychologie, 62, 47-51. doi:https://doi.org/10.1055/s-0031-1295495

Klinke, C. M., Fiedler, D., Lange, M. D., & Andreatta, M. (2020). Evidence for impaired
extinction learning in humans after distal stress exposure. Neurobiology of Learning
and Memory, 167, 107127. doi:10.1016/j.nlm.2019.107127

Klucken, T., Kruse, O., Schweckendiek, J., Kuepper, Y., Mueller, E. M., Hennig, J., & Stark,
R. (2016). No evidence for blocking the return of fear by disrupting reconsolidation
prior to extinction learning. Cortex, 79, 112-122. doi:10.1016/j.cortex.2016.03.015



https://doi.org/10.1159/000119004
https://doi.org/10.1055/s-0031-1295495

6. References 174

Klucken, T., Schweckendiek, J., Koppe, G., Merz, C. J., Kagerer, S., Walter, B., . . . Stark, R.
(2012). Neural correlates of disgust- and fear-conditioned responses. Neuroscience,
201, 209-218. doi:10.1016/j.neuroscience.2011.11.007

Knight, D. C., Nguyen, H. T., & Bandettini, P. A. (2006). The role of awareness in delay and
trace fear conditioning in humans. Cognitive, Affective, & Behavioral Neuroscience, 6,
157-162. doi:https://doi.org/10.3758/CABN.6.2.157

Knight, D. C., Nguyen, H. T., & Dandettini, P. A. (2003). Expression of conditional fear with
and without awareness. Proc Natl Acad Sci U S A, 100, 15280-15283.
doi:https://doi.org/10.1073/pnas.2535780100

Knight, D. C., Smith, C. N., Cheng, D. T., Stein, E. A., & Helmstetter, F. J. (2004). Amygdala
and hippocampal activity during acquisition and extinction of human fear conditioning.
Cogn Affect Behav Neurosci, 4,317-325. doi:10.3758/cabn.4.3.317

Knox, D., George, S. A., Fitzpatrick, C. J., Rabinak, C. A., Maren, S., & Liberzon, 1. (2012a).
Single prolonged stress disrupts retention of extinguished fear in rats. Learn Mem, 19,
43-49. doi:10.1101/Im.024356.111

Knox, D., Nault, T., Henderson, C., & Liberzon, 1. (2012b). Glucocorticoid receptors and
extinction retention deficits in the single prolonged stress model. Neuroscience, 223,
163-173. doi:10.1016/j.neuroscience.2012.07.047

Koch, M. (1999). The neurobiology of startle. Progress in Neurobiology, 59, 107-128.
doi:10.1016/s0301-0082(98)00098-7

Korner, A., Geyer, M., & Brihler, E. (2002). Das NEO-Fiinf-Faktoren Inventar (NEO-FFI).
Diagnostica, 48, 19-27. d0i:10.1026//0012-1924.48.1.19

Kotlyar, M., al'Absi, M., Brauer, L. H., Grant, J. E., Fong, E., & Kim, S. W. (2008). Naltrexone
effect on physiological and subjective response to a cold pressor task. Biol Psychol, 77,
233-236. doi:10.1016/j.biopsycho.2007.10.005

Krohg, K., Hageman, 1., & Jorgensen, M. B. (2008). Corticotropin-releasing factor (CRF) in
stress and disease: a review of literature and treatment perspectives with special
emphasis on  psychiatric disorders. Nord J  Psychiatry, 62, 8-16.
doi:10.1080/08039480801983588

Krohne, H. W., Egloff, B., Kohlmann, C.-W., & Tausch, A. J. D.-G.-. (1996). Untersuchungen
mit einer deutschen Version der" Positive and Negative Affect Schedule"(PANAS). 42,
139-156.

Kubzansky, L. D., Koenen, K. C., Spiro, A., Vokonas, P. S., & Sparrow, D. (2007). Prospective

study of posttraumatic stress disorder symptoms and coronary heart disease in the

Normative  Aging  Study. Archives of General  Psychiatry, 64, 109-116.
doi:10.1001/archpsyc.64.1.109

Kuhn, M., Wendt, J., Sjouwerman, R., Buchel, C., Hamm, A., & Lonsdorf, T. B. (2020). The
Neurofunctional Basis of Affective Startle Modulation in Humans: Evidence From
Combined Facial Electromyography and Functional Magnetic Resonance Imaging.
Biol Psychiatry, 87, 548-558. doi:10.1016/j.biopsych.2019.07.028

La Greca, A. M., Danzi, B. A., Marchante-Hoffman, A. N., & Tarlow, N. (2020). Trauma
Exposure in Posttraumatic Stress and Acute Stress Disorders. In K. L. Harkness & E.
P. Hayden (Eds.), The Oxford Handbook of Stress and Mental Health (pp. 240-264).

LaBar, K. S., Gatenby, J. C., Gore, J. C., LeDoux, J. E., & Phelps, E. A. (1998). Human
amygdala activation during conditioned fear acquisition and extinction: a mixed-trial
fMRI study. Neuron, 20, 937-945. doi:doi:10.1016/s0896-6273(00)80475-4

Landis, C., Hunt, W. A., & Strauss, H. (1939). The startle pattern (New York: Farrar &
Rinehart, Inc.



https://doi.org/10.3758/CABN.6.2.157
https://doi.org/10.1073/pnas.2535780100

6. References 175

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (1998). Emotion, motivation, and anxiety: brain
mechanisms and psychophysiology. Biological Psychiatry, 44, 1248-1263.
doi:10.1016/s0006-3223(98)00275-3

Laux, L., Glanzmann, P., Schaffner, P., & Spielberger, C. D. (1981). Das state-trait-
angstinventar: STAI (Beltz Weinheim.

Lazzaro, S. C., Hou, M., Cunha, C., LeDoux, J. E., & Cain, C. K. (2010). Antagonism of lateral
amygdala alphal-adrenergic receptors facilitates fear conditioning and long-term
potentiation. Learn Mem, 17, 489-493. doi:10.1101/Im.1918210

LeDoux, J. E. (1995). Emotion: clues from the brain. Annu Rev Psychol, 46, 209-235.
doi:10.1146/annurev.ps.46.020195.001233

LeDoux, J. E. (2003). The emotional brain, fear, and the amygdala. Cell Mol Neurobiol, 23,
727-738. d0i:10.1023/a:1025048802629

LeDoux, J. E. (2007). The amygdala. Curr Biol, 17, R868-874. doi:10.1016/j.cub.2007.08.005

LeDoux, J. E. (2014). Coming to terms with fear. Proc Natl Acad Sci U S A, 111, 2871-2878.
doi:10.1073/pnas.1400335111

LeDoux, J. E., & Pine, D. S. (2016). Using Neuroscience to Help Understand Fear and Anxiety:
A Two-System  Framework. Am J  Psychiatry, 173, 1083-1093.
doi:10.1176/appi.ajp.2016.16030353

Lee, H. J., Berger, S. Y., Stiedl, O., Spiess, J., & Kim, J. J. (2001). Post-training injections of
catecholaminergic drugs do not modulate fear conditioning in rats and mice.
Neuroscience Letters, 303, 123-128. doi:10.1016/s0304-3940(01)01733-5

Lee, J. L. (2009). Reconsolidation: maintaining memory relevance. Trends Neurosci, 32, 413-
420. doi:10.1016/j.tins.2009.05.002

Lenth, R. (2018). emmeans: Estimated Marginal Means, aka Least-Squares Means. R package
version 1.2.4. Retrieved from https://CRAN.R-project.org/package=emmeans

Leonard, D. W. (1975). Partial reinforcement effects in classical aversive conditioning in
rabbits and human beings. Journal of Comparative and Physiological Psychology, 88,
596-608. doi:https://doi.org/10.1037/h0076419

Leuner, B., & Shors, T. J. (2013). Stress, anxiety, and dendritic spines: what are the
connections? Neuroscience, 251, 108-119. doi:10.1016/j.neuroscience.2012.04.021

Liberzon, 1., Krstov, M., & Young, E. A. (1997). Stress-restress: Effects on ACTH and fast
feedback.  Psychoneuroendocrinology, 22,  443-453.  doi:10.1016/S0306-
4530(97)00044-9

Liberzon, 1., & Sripada, C. S. (2007). The functional neuroanatomy of PTSD: a critical review.
In Stress Hormones and Post Traumatic Stress Disorder Basic Studies and Clinical
Perspectives (pp. 151-169).

Likhtik, E., & Paz, R. (2015). Amygdala-prefrontal interactions in (mal)adaptive learning.
Trends Neurosci, 38, 158-166. doi:10.1016/].tins.2014.12.007

Lissek, S., Baas, J. M., Pine, D. S., Orme, K., Dvir, S., Nugent, M., . . . Grillon, C. (2005a).
Airpuff startle probes: an efficacious and less aversive alternative to white-noise. Bio/
Psychol, 68, 283-297. doi:10.1016/j.biopsycho.2004.07.007

Lissek, S., Powers, A. S., McClure, E. B., Phelps, E. A., Woldehawariat, G., Grillon, C., &
Pine, D. S. (2005b). Classical fear conditioning in the anxiety disorders: a meta-
analysis. Behav Res Ther, 43, 1391-1424. doi:10.1016/j.brat.2004.10.007

Lissek, S., Powers, A. S., McClure, E. B., Phelps, E. A., Woldehawariat, G., Grillon, C., &
Pine, D. S. (2005c¢). Classical fear conditioning in the anxiety disorders: a meta-
analysis. Behaviour Research and Therapy, 43, 1391-1424.
doi:https://doi.org/10.1016/j.brat.2004.10.007

Liston, C., Miller, M. M., Goldwater, D. S., Radley, J. J., Rocher, A. B., Hof, P. R, . . .
McEwen, B. S. (2006). Stress-induced alterations in prefrontal cortical dendritic



https://cran.r-project.org/package=emmeans
https://doi.org/10.1037/h0076419
https://doi.org/10.1016/j.brat.2004.10.007

6. References 176

morphology predict selective impairments in perceptual attentional set-shifting. J
Neurosci, 26, 7870-7874. doi:10.1523/JNEUROSCI.1184-06.2006

Liu, R. J., & Aghajanian, G. K. (2008). Stress blunts serotonin- and hypocretin-evoked EPSCs
in prefrontal cortex: role of corticosterone-mediated apical dendritic atrophy. Proc Natl
Acad Sci U S A4, 105, 359-364. doi:10.1073/pnas.0706679105

Long, V. A., & Fanselow, M. S. (2012). Stress-enhanced fear learning in rats is resistant to the
effects of immediate massed extinction. Stress, 15, 627-636.
doi:10.3109/10253890.2011.650251

Lonsdorf, T. B., Menz, M. M., Andreatta, M., Fullana, M. A., Golkar, A., Haaker, J., . . . Merz,
C. J. (2017). Don’t fear ‘fear conditioning’: Methodological considerations for the
design and analysis of studies on human fear acquisition, extinction, and return of fear.
Neuroscience & Biobehavioral Reviews, 77, 247-285.
doi:https://doi.org/10.1016/j.neubiorev.2017.02.026

Lovallo, W. (1975). The Cold Pressor Test and autonomic function: A review and integration.
Psychophysiology, 12, 268-282. doi: https://doi.org/10.1111/;.1469-
8986.1975.tb01289.x

Lovibond, P. F. (2004). Cognitive Processes in Extinction. Learning & Memory, 11, 495-500.
doi:10.1101/Im.79604

Lovibond, P. F., & Shanks, D. R. (2002). The role of awareness in Pavlovian conditioning:
Empirical evidence and theoretical implications. Journal of Experimental Psychology:
Animal Behavior Processes, 28, 3-26. d0i:10.1037/0097-7403.28.1.3

Lupien, S. J., McEwen, B. S., Gunnar, M. R., & Heim, C. (2009). Effects of stress throughout
the lifespan on the brain, behaviour and cognition. Nat Rev Neurosci, 10, 434-445.
doi:10.1038/nrn2639

Lutz, B. (2007). The endocannabinoid system and extinction learning. Mol Neurobiol, 36, 92-
101. doi:10.1007/s12035-007-8004-x

Lykken, D. T., & Venables, P. H. (1971). Direct measurement of skin conductance: a proposal
for  standardization.  Psychophysiology, 8, 656-672. doi:10.1111/.1469-
8986.1971.tb00501 .x

Marchand, A. R., Luck, D., & DiScala, G. (2003). Evaluation of an improved automated
analysis of freezing behaviour in rats and its use in trace fear conditioning. Journal of
Neuroscience Methods, 126, 145-153. doi:10.1016/s0165-0270(03)00076-1

Maren, S. (2014). Nature and Causes of the Immediate Extinction Deficit: A Brief

Review. Neurobiology of Learning and Memory, 113, 19-24. doi:10.1016/7.nlm.2013.10.012

Maren, S., & Chang, C.-h. (2006). Recent fear is resistant to extinction. /03, 18020-18025.
doi:10.1073/pnas.0608398103 %J Proceedings of the National Academy of Sciences

Maren, S., & Holmes, A. (2016). Stress and Fear Extinction. Neuropsychopharmacology, 41,
58-79. d0i:10.1038/npp.2015.180

Maroun, M., loannides, P. J., Bergman, K. L., Kavushansky, A., Holmes, A., & Wellman, C.
L. (2013). Fear extinction deficits following acute stress associate with increased spine
density and dendritic retraction in basolateral amygdala neurons. Eur J Neurosci, 38,
2611-2620. doi:10.1111/ejn.12259

McEwen, B. S. (1998). Stress, adaptation, and disease: Allostasis and allostatic load. Annals of
the New York Academy of Sciences, 840, 33-44.

McEwen, B. S. (2003). Mood disorders and allostatic load. Biological Psychiatry, 54,200-207.
doi:10.1016/s0006-3223(03)00177-x

McEwen, B. S. (2004). Protection and damage from acute and chronic stress: allostasis and
allostatic overload and relevance to the pathophysiology of psychiatric disorders. Ann
N Y Acad Sci, 1032, 1-7. doi:10.1196/annals.1314.001



https://doi.org/10.1016/j.neubiorev.2017.02.026
https://doi.org/10.1111/j.1469-8986.1975.tb01289.x
https://doi.org/10.1111/j.1469-8986.1975.tb01289.x

6. References 177

McEwen, B. S., Bowles, N. P., Gray, J. D., Hill, M. N., Hunter, R. G., Karatsoreos, 1. N., &
Nasca, C. (2015). Mechanisms of stress in the brain. Nat Neurosci, 18, 1353-1363.
doi:10.1038/nn.4086

McEwen, B. S., & Morrison, J. H. (2013). The brain on stress: vulnerability and plasticity of
the prefrontal cortex over the life course. Neuron, 79, 16-29.
doi:10.1016/j.neuron.2013.06.028

McEwen, B. S., Nasca, C., & Gray, J. D. (2016). Stress Effects on Neuronal Structure:
Hippocampus, Amygdala, and Prefrontal Cortex. Neuropsychopharmacology, 41, 3-23.
doi:10.1038/npp.2015.171

McEwen, B. S., Weiss, J. M., & Schwartz, L. S. (1968). Selective retention of corticosterone
by limbic structures in rat brain. Nature, 220, 911-912. doi:10.1038/220911a0

McKenzie, S., & Eichenbaum, H. (2011). Consolidation and reconsolidation: two lives of
memories? Neuron, 71,224-233. doi:10.1016/j.neuron.2011.06.037

McKinzie, D. L., & Spear, N. E. (1995). Ontogenetic differences in conditioning to context
and CS as a function of context saliency and CS-US interval. Animal Learning &
Behavior, 23,303-313. doi:https://doi.org/10.3758/BF03198927

McLaughlin, K. A. (2016). Future Directions in Childhood Adversity and Youth
Psychopathology. J  Clin  Child  Adolesc  Psychol, 45,  361-382.
doi:10.1080/15374416.2015.1110823

McLaughlin, K. A. (2020). Early Life Stress and Psychopathology. In K. L. Harkness & E. P.
Hayden (Eds.), The Oxford Handbook of Stress and Mental Health (pp. 44-74).

McLaughlin, K. A., Greif Green, J., Gruber, M. J., Sampson, N. A., Zaslavsky, A. M., &
Kessler, R. C. (2012). Childhood adversities and first onset of psychiatric disorders in
a national sample of US adolescents. Arch Gen Psychiatry, 69, 1151-1160.
doi:10.1001/archgenpsychiatry.2011.2277

McLaughlin, K. A., Sheridan, M. A., Gold, A. L., Duys, A., Lambert, H. K., Peverill, M., . . .
Pine, D. S. (2016). Maltreatment Exposure, Brain Structure, and Fear Conditioning in
Children and  Adolescents.  Neuropsychopharmacology, 41, 1956-1964.
doi:10.1038/npp.2015.365

McNally, G. P., & Westbrook, R. F. (2003). Opioid receptors regulate the extinction of
Pavlovian fear conditioning. Behav Neurosci, 117, 1292-1301. doi:10.1037/0735-
7044.117.6.1292

Mechias, M. L., Etkin, A., & Kalisch, R. (2010). A meta-analysis of instructed fear studies:
implications for conscious appraisal of threat. Neuroimage, 49, 1760-1768.
doi:10.1016/j.neuroimage.2009.09.040

Meir Drexler, S., Merz, C. J., Jentsch, V. L., & Wolf, O. T. (2019). How stress and
glucocorticoids timing-dependently affect extinction and relapse. Neurosci Biobehav
Rev, 98, 145-153. doi:10.1016/j.neubiorev.2018.12.029

Meissner, K., & Wittmann, M. (2011). Body signals, cardiac awareness, and the perception of
time. Biol Psychol, 86, 289-297. doi:10.1016/j.biopsycho.2011.01.001

Mertens, G., & Engelhard, 1. M. (2020). A systematic review and meta-analysis of the evidence
for unaware fear conditioning. Neurosci Biobehav Rev, 108, 254-268.
doi:10.1016/j.neubiorev.2019.11.012

Merz, C. J., Hamacher-Dang, T. C., & Wolf, O. T. (2014). Exposure to stress attenuates fear
retrieval in  healthy men.  Psychoneuroendocrinology, 41, 89-96.
doi:https://doi.org/10.1016/j.psyneuen.2013.12.009

Merz, C. J., Hamacher-Dang, T. C., & Wolf, O. T. (2016). Immediate extinction promotes the
return of fear. Neurobiol Learn Mem, 131, 109-116. doi:10.1016/j.nlm.2016.03.013



https://doi.org/10.3758/BF03198927
https://doi.org/10.1016/j.psyneuen.2013.12.009

6. References 178

Merz, C. J., Tabbert, K., Schweckendiek, J., Klucken, T., Vaitl, D., Stark, R., & Wolf, O. T.
(2010). Investigating the impact of sex and cortisol on implicit fear conditioning with
fMRI. Psychoneuroendocrinology, 35, 33-46. doi:10.1016/j.psyneuen.2009.07.009

Merz, C. J., Tabbert, K., Schweckendiek, J., Klucken, T., Vaitl, D., Stark, R., & Wolf, O. T.
(2012). Oral contraceptive usage alters the effects of cortisol on implicit fear learning.
Horm Behav, 62, 531-538. d0i:10.1016/j.yhbeh.2012.09.001

Merz, C. J., & Wolf, O. T. (2017). Sex differences in stress effects on emotional learning. J
Neurosci Res, 95, 93-105. doi:10.1002/jnr.23811

Merz, C. J., Wolf, O. T., Schweckendiek, J., Klucken, T., Vaitl, D., & Stark, R. (2013). Stress
differentially affects fear conditioning in men and women. Psychoneuroendocrinology,
38,2529-2541. doi:10.1016/j.psyneuen.2013.05.015

Milad, M. R., Orr, S. P., Pitman, R. K., & Rauch, S. L. (2005a). Context modulation of memory
for fear extinction in humans. Psychophysiology, 42, 456-464. doi:10.1111/5.1469-
8986.2005.00302.x

Milad, M. R., Pitman, R. K., Ellis, C. B., Gold, A. L., Shin, L. M., Lasko, N. B., . . . Rauch, S.
L. (2009). Neurobiological basis of failure to recall extinction memory in posttraumatic
stress disorder. Biol Psychiatry, 66, 1075-1082. doi:10.1016/j.biopsych.2009.06.026

Milad, M. R., Quinn, B. T., Pitman, R. K., Orr, S. P., Fischl, B., & Rauch, S. L. (2005b).
Thickness of ventromedial prefrontal cortex in humans is correlated with extinction
memory. Proc Natl Acad Sci U S A4, 102, 10706-10711. doi:10.1073/pnas.0502441102

Milad, M. R., & Quirk, G. J. (2012). Fear extinction as a model for translational neuroscience:
ten  years of  progress. Annu Rev  Psychol, 63, 129-151.
doi:10.1146/annurev.psych.121208.131631

Milad, M. R., Quirk, G. J., Pitman, R. K., Orr, S. P., Fischl, B., & Rauch, S. L. (2007a). A role
for the human dorsal anterior cingulate cortex in fear expression. Biol Psychiatry, 62,
1191-1194. doi:10.1016/j.biopsych.2007.04.032

Milad, M. R., Wright, C. 1., Orr, S. P., Pitman, R. K., Quirk, G. J., & Rauch, S. L. (2007b).
Recall of fear extinction in humans activates the ventromedial prefrontal cortex and
hippocampus in concert. Biol Psychiatry, 62, 446-454.
doi:10.1016/j.biopsych.2006.10.011

Mineka, S., & Zinbarg, R. (2006). A contemporary learning theory perspective on the etiology
of anxiety disorders: it's not what you thought it was. Am Psychol, 61, 10-26.
doi:10.1037/0003-066X.61.1.10

Miracle, A. D., Brace, M. F., Huyck, K. D., Singler, S. A., & Wellman, C. L. (2006). Chronic
stress impairs recall of extinction of conditioned fear. Neurobiol Learn Mem, 85, 213-
218. doi:10.1016/.nlm.2005.10.005

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.
Proc Natl Acad Sci U S A, 102, 9371-9376. doi:10.1073/pnas.0504011102

Miyashita, T., & Williams, C. L. (2002). Glutamatergic transmission in the nucleus of the
solitary tract modulates memory through influences on amygdala noradrenergic
systems. Behav Neurosci, 116, 13-21. doi:10.1037//0735-7044.116.1.13

Moreau, J.-L., Bourson, A., Jenck, F., Martin, J. R., & Mortas, P. (1994). Curative effects of
the atypical antidepressant mianserin in the chronic mild stress-induced anhedonia
model of depression. Journal of Psychiatry and Neuroscience, 19, 51-56.

Mueller, E. M., Panitz, C., Hermann, C., & Pizzagalli, D. A. (2014). Prefrontal oscillations
during recall of conditioned and extinguished fear in humans. J Neurosci, 34, 7059-
7066. doi:10.1523/JNEUROSCI.3427-13.2014

Mueller, E. M., & Pizzagalli, D. A. (2016). One-year-old fear memories rapidly activate human
fusiform gyrus. Soc Cogn Affect Neurosci, 11,308-316. doi:10.1093/scan/nsv122



6. References 179

Myers, K. M., & Davis, M. (2007). Mechanisms of fear extinction. Mol Psychiatry, 12, 120-
150. doi:10.1038/sj.mp.4001939

Myers, K. M., Ressler, K. J., & Davis, M. (2006). Different mechanisms of fear extinction
dependent on length of time since fear acquisition. Learn Mem, 13, 216-223.
doi:10.1101/Im.119806

Nader, K., & Einarsson, E. O. (2010). Memory reconsolidation: an update. Ann N Y Acad Sci,
1191,27-41. doi:10.1111/j.1749-6632.2010.05443 .x

Nader, K., Schafe, G. E., & LeDoux, J. E. (2000). Fear memories require protein synthesis in
the amygdala for reconsolidation after retrieval. Nature, 406, 722-726.
doi:10.1038/35021052

Neumann, D. L., & Kitlertsirivatana, E. (2010). Exposure to a novel context after extinction
causes a renewal of extinguished conditioned responses: implications for the treatment
of fear. Behav Res Ther, 48, 565-570. doi:10.1016/j.brat.2010.03.002

Norrholm, S. D., Anderson, K. M., Olin, I. W., Jovanovic, T., Kwon, C., Warren, V. T., . ..
Bradley, B. (2011a). Versatility of fear-potentiated startle paradigms for assessing
human conditioned fear extinction and return of fear. Front Behav Neurosci, 5, 77.
doi:10.3389/fnbeh.2011.00077

Norrholm, S. D., Jovanovic, T., Briscione, M. A., Anderson, K. M., Kwon, C. K., Warren, V.
T., ... Bradley, B. (2014). Generalization of fear-potentiated startle in the presence of
auditory cues: a parametric analysis. Front Behav Neurosci, &8, 36l.
doi:10.3389/fnbeh.2014.00361

Norrholm, S. D., Jovanovic, T., Olin, I. W., Sands, L. A., Karapanou, 1., Bradley, B., & Ressler,
K. J. (2011b). Fear Extinction in Traumatized Civilians with Posttraumatic Stress
Disorder: Relation to Symptom Severity. Biological Psychiatry, 69, 556-563.
doi:10.1016/j.biopsych.2010.09.013

Norrholm, S. D., Jovanovic, T., Vervliet, B., Myers, K. M., Davis, M., Rothbaum, B. O., &
Duncan, E. J. (2006). Conditioned fear extinction and reinstatement in a human fear-
potentiated startle paradigm. Learn Mem, 13, 681-685. doi:10.1101/Im.393906

Norrholm, S. D., Vervliet, B., Jovanovic, T., Boshoven, W., Myers, K. M., Davis, M., . ..
Duncan, E. J. (2008). Timing of extinction relative to acquisition: a parametric analysis
of fear extinction in humans. Behav Neurosci, 122, 1016-1030. doi:10.1037/a0012604

Norton, P. J., & Price, E. C. (2007). A meta-analytic review of adult cognitive-behavioral
treatment outcome across the anxiety disorders. J Nerv Ment Dis, 195, 521-531.
doi:10.1097/01.1md.0000253843.70149.9a

Orr, S. P., Metzger, L. J., Lasko, N. B., Macklin, M. L., Peri, T., & Pitman, R. K. (2000). De
novo conditioning in trauma-exposed individuals with and without posttraumatic stress
disorder. Journal of Abnormal Psychology, 109, 290-298. doi:10.1037/0021-
843x.109.2.290

Pace-Schott, E. F., Germain, A., & Milad, M. R. (2015). Effects of sleep on memory for
conditioned fear and fear extinction. Psychol Bull, 141, 835-857.
doi:10.1037/bul0000014

Papagianni, E. P., & Stevenson, C. W. (2019). Cannabinoid Regulation of Fear and Anxiety:
an Update. Curr Psychiatry Rep, 21, 38. doi:10.1007/s11920-019-1026-z

Pape, H. C., & Paré, D. (2010). Plastic synaptic networks of the amygdala for the acquisition,
expression, and extinction of conditioned fear. Physiol Rev, 90, 419-463.
doi:10.1152/physrev.00037.2009

Paré, D., Quirk, G. J., & LeDoux, J. E. (2004). New vistas on the amygdala networks in
conditioned fear. Journal of Neurophysiology, 92, 1-9. doi:10.1152/jn.00153.2004

Pavlov, 1. P. (1927). Conditioned reflexes: An investigation of the physiological activity of the
cerebral cortex (Oxford, England: Oxford University Press.



6. References 180

Pearson, B. L., Crawley, J. N., Eilam, D., Pentkowski, N. S., & Summers, C. H. (2017).
Curiosity as an approach to ethoexperimental analysis: Behavioral neuroscience as seen
by students and colleagues of Bob Blanchard. Neurosci Biobehav Rev, 76, 415-422.
doi:10.1016/j.neubiorev.2016.03.012

Peri, T., Ben-Shakhar, G., Orr, S. P., & Shalev, A. Y. (2000). Psychophysiologic assessment
of aversive conditioning in posttraumatic stress disorder. Biological Psychiatry, 47,
512-519. doi:https://doi.org/10.1016/S0006-3223(99)00144-4

Perrine, S. A., Eagle, A. L., George, S. A., Mulo, K., Kohler, R. J., Gerard, J., . . . Conti, A. C.
(2016). Severe, multimodal stress exposure induces PTSD-like characteristics in a
mouse model of single prolonged stress. Behav Brain Res, 303, 228-237.
doi:10.1016/j.bbr.2016.01.056

Phelps, E. A., Delgado, M. R., Nearing, K. I., & LeDoux, J. E. (2004). Extinction learning in
humans: role of the amygdala and vmPFC. Neuron, 43, 897-905.
doi:10.1016/j.neuron.2004.08.042

Phillips, R. G., & LeDoux, J. E. (1994). Lesions of the dorsal hippocampus formation interfere
with background but not foreground contextual fear conditioning. Learning & Memory,
1,34-44.

Pilz, P. K., & Schnitzler, H.-U. (1996). Habituation and sensitization of the acoustic startle
response in rats: amplitude, threshold, and latency measures. Neurobiology of Learning
and Memory, 66, 67-79.

Porcelli, A. J. (2014). An alternative to the traditional cold pressor test: the cold pressor arm
wrap. J Vis Exp, €50849. doi:10.3791/50849

Pratchett, L. C., & Yehuda, R. (2011). Foundations of posttraumatic stress disorder: does early
life trauma lead to adult posttraumatic stress disorder? Dev Psychopathol, 23, 477-491.
doi:10.1017/S0954579411000186

Pugh, C. R., Fleshner, M., & Rudy, J. W. (1997). Type II glucocorticoid receptor antagonists
impair contextual but not auditory-cue fear conditioning in juvenile rats. Neurobiology
of Learning and Memory, 67, 75-79. doi:10.1006/nlme.1996.3741

Quirk, G. J. (2002). Memory for extinction of conditioned fear is long-lasting and persists
following spontaneous recovery. Learn Mem, 9, 402-407. doi:10.1101/1m.49602

Quirk, G. J., & Mueller, D. (2008). Neural mechanisms of extinction learning and retrieval.
Neuropsychopharmacology, 33, 56-72. doi:10.1038/sj.npp.1301555

R Core Team. (2018). R: A Language and Environment for Statistical Computing. Vienna,
Austria: R Foundation for Statistical Computing. Retrieved from https:/www.R-
project.org/

Radley, J. J., Sisti, H. M., Hao, J., Rocher, A. B., McCall, T., Hof, P. R., . . . Morrison, J. H.
(2004). Chronic behavioral stress induces apical dendritic reorganization in pyramidal
neurons of the medial prefrontal cortex. Neuroscience, 125, 1-6.
doi:10.1016/j.neuroscience.2004.01.006

Radulovic, J., Riihmann, A., Liepold, T., & Spiess, J. (1999). Modulation of learning and
anxiety by corticotropin-releasing factor (CRF) and stress: Differential roles of CRF
receptors 1 and 2. The Journal of Neuroscience, 19, 5016-5025.

Raio, C. M., & Phelps, E. A. (2015). The influence of acute stress on the regulation of
conditioned fear. Neurobiol Stress, 1, 134-146. doi:10.1016/j.ynstr.2014.11.004
Ramos, B. P., & Arnsten, A. F. T. (2007). Adrenergic pharmacology and cognition: Focus on
the  prefrontal cortex. Pharmacological Therapy, 113, 523-536.

doi:10.1016/j.pharmthera.2006.11.006

Rasch, B., & Born, J. (2013). About sleep's role in memory. Physiol Rev, 93, 681-766.
doi:10.1152/physrev.00032.2012



https://doi.org/10.1016/S0006-3223(99)00144-4
https://www.r-project.org/
https://www.r-project.org/

6. References 181

Reiss, S., Peterson, R. A., Gursky, D. M., & McNally, R. J. (1986). Anxiety sensitivity, anxiety
frequency and the prediction of fearfulness. Behavior Research and Therapy, 24, 1-8.
doi:https://doi.org/10.1016/0005-7967(86)90143-9

Rescorla, R. A. (1971). Summation and retardation tests of latent inhibition. Journal of
Comparative and Physiological Psychology, 75, 77-81.
doi:https://doi.org/10.1037/h0030694

Resstel, L. B., Moreira, F. A., & Guimaraes, F. S. (2009). Endocannabinoid system and fear
conditioning. Vitamins & Hormones, 81, 421-440.

Riebe, C. J., & Wotjak, C. T. (2011). Endocannabinoids and stress. Stress, 14, 384-397.
doi:10.3109/10253890.2011.586753

Riggenbach, M. R., Weiser, J. N., Mosley, B. E., Hipskind, J. J., Wireman, L. E., Hess, K. L.,
. . . Zoladz, P. R. (2019). Immediate pre-learning stress enhances baseline startle
response and fear acquisition in a fear-potentiated startle paradigm. Behav Brain Res,
371,111980. doi:10.1016/j.bbr.2019.111980

Rodrigues, S. M., LeDoux, J. E., & Sapolsky, R. M. (2009). The influence of stress hormones
on fear circuitry. Annu Rev Neurosci, 32, 289-313.
doi:10.1146/annurev.neuro.051508.135620

Rodrigues, S. M., Schafe, G. E., & LeDoux, J. E. (2004). Molecular mechanisms underlying
emotional learning and memory in the lateral amygdala. Neuron, 44, 75-91.
doi:10.1016/j.neuron.2004.09.014

Rodriguez Manzanares, P. A., Isoardi, N. A., Carrer, H. F., & Molina, V. A. (2005). Previous
stress facilitates fear memory, attenuates GABAergic inhibition, and increases synaptic
plasticity in the rat basolateral amygdala. J Neurosci, 25, 8725-8734.
doi:10.1523/JINEUROSCI.2260-05.2005

Roozendaal, B., Hui, G. K., Hui, I. R., Berlau, D. J., McGaugh, J. L., & Weinberger, N. M.
(2006). Basolateral amygdala noradrenergic activity mediates corticosterone-induced
enhancement of auditory fear conditioning. Neurobiol Learn Mem, 86, 249-255.
doi:10.1016/j.nlm.2006.03.003

Roozendaal, B., McEwen, B. S., & Chattarji, S. (2009). Stress, memory and the amygdala. Nat
Rev Neurosci, 10, 423-433. doi:10.1038/nrn2651

Roozendaal, B., Williams, G. L., & McGaugh, J. L. (1999). Glucocorticoid receptor activation
in the rat nucleus of the solitary tract facilitates memory consolidation: involvement of
the basolateral amygdala. European Journal of Neuroscience, 11, 1317-1323.
doi:10.1046/j.1460-9568.1999.00537.x

Rosenkranz, J. A., Venheim, E. R., & Padival, M. (2010). Chronic stress causes amygdala
hyperexcitability in rodents. Biol Psychiatry, 67, 1128-1136.
doi:10.1016/j.biopsych.2010.02.008

Royer, S., & Paré, D. (2002). Bidirectional synaptic plasticity in intercalated amygdala neurons
and the extinction of conditioned fear responses. Neuroscience, 115, 445-462.
doi:https://doi.org/10.1016/S0306-4522(02)00455-4

Rudy, J. W. (2009). Context representations, context functions, and the parahippocampal-
hippocampal system. Learn Mem, 16, 573-585. doi:10.1101/Im.1494409

Sanders, J., & Nemeroff, C. (2016). The CRF System as a Therapeutic Target for
Neuropsychiatric ~ Disorders.  Trends  Pharmacol  Sci, 37, 1045-1054.
doi:10.1016/j.tips.2016.09.004

Saper, C. B. (2002). The central autonomic nervous system: conscious visceral perception and
autonomic  pattern  generation. Annu  Rev  Neurosci, 25, 433-469.
doi:10.1146/annurev.neuro.25.032502.111311



https://doi.org/10.1016/0005-7967(86)90143-9
https://doi.org/10.1037/h0030694
https://doi.org/10.1016/S0306-4522(02)00455-4

6. References 182

Sapolsky, R. M., Romero, L. M., & Munck, A. U. (2000). How Do Glucocorticoids Influence
Stress Responses? Integrating Permissive, Suppressive, Stimulatory, and Preparative
Actions*. Endocrine Reviews, 21, 55-89. d0i:10.1210/edrv.21.1.0389

Satow, L. (2012). Stress- und Coping-Inventar (SC): Test- und Skalendokumentation. URL:
www.drsatow.de.

Schandry, R. (2011). Biologische Psychologie (Vol. 3. Aufl. Weinheim: Beltz.

Scharfenort, R., Menz, M., & Lonsdorf, T. B. (2016). Adversity-induced relapse of fear: neural
mechanisms and implications for relapse prevention from a study on experimentally
induced return-of-fear following fear conditioning and extinction. Translational
Psychiatry, 6, €858. doi:10.1038/tp.2016.126

https://www.nature.com/articles/tp2016126#supplementary-information

Schiff, H. C., Johansen, J. P., Hou, M., Bush, D. E., Smith, E. K., Klein, J. E., . . . Sears, R. M.
(2017). beta-Adrenergic Receptors Regulate the Acquisition and Consolidation Phases
of Aversive Memory Formation Through Distinct, Temporally Regulated Signaling
Pathways. Neuropsychopharmacology, 42, 895-903. doi:10.1038/npp.2016.238

Schneiderman, N., Ironson, G., & Siegel, S. D. (2005). Stress and health: psychological,
behavioral, and biological determinants. Annu Rev Clin Psychol, 1, 607-628.
doi:10.1146/annurev.clinpsy.1.102803.144141

Schoner, J., Heinz, A., Endres, M., Gertz, K., & Kronenberg, G. (2017). Post-traumatic stress
disorder and beyond: an overview of rodent stress models. J Cell Mol Med, 21, 2248-
2256. doi:10.1111/jcmm.13161

Schultz, D. H., & Helmstetter, F. J. (2010). Classical conditioning of autonomic fear responses
is independent of contingency awareness. J Exp Psychol Anim Behav Process, 36, 495-
500. doi:10.1037/20020263

Schulz, B., Fendt, M., & Schnitzler, H.-U. (2002). Clonidine injections into the lateral nucleus
of the amygdala block acquisition and expression of fear-potentiated startle. European
Journal of Neuroscience, 15, 151-157. doi:10.1046/1.0953-816x.2001.01831.x

Schwabe, L., Haddad, L., & Schachinger, H. (2008). HPA axis activation by a socially
evaluated  cold-pressor  test.  Psychoneuroendocrinology, 33,  890-895.
doi:10.1016/j.psyneuen.2008.03.001

Schwabe, L., Joels, M., Roozendaal, B., Wolf, O. T., & Oitzl, M. S. (2012). Stress effects on
memory: an update and integration. Neurosci Biobehav Rev, 36, 1740-1749.
doi:10.1016/j.neubiorev.2011.07.002

Schwabe, L., & Schachinger, H. (2018). Ten years of research with the Socially Evaluated
Cold Pressor Test: Data from the past and guidelines for the future.
Psychoneuroendocrinology, 92, 155-161. doi:10.1016/j.psyneuen.2018.03.010

Sehlmeyer, C., Schoning, S., Zwitserlood, P., Pfleiderer, B., Kircher, T., Arolt, V., & Konrad,
C. (2009). Human fear conditioning and extinction in neuroimaging: a systematic
review. PLoS One, 4, €5865. doi:10.1371/journal.pone.0005865

Seligman, M. E. P. (1971). Phobias and Preparedness. Behavior Therapy, 2, 307-320.
doi:http://dx.doi.org/10.1016/S0005-7894(71)80064-3

Selye, H. (1955). Stress and disease. Science, 122, 625-631. doi:10.1126/science.122.3171.625

Selye, H. (1973). The evolution of the stress concept. American Scientist, 61, 692-699.

Sevenster, D., Beckers, T., & Kindt, M. (2014). Fear conditioning of SCR but not the startle
reflex requires conscious discrimination of threat and safety. Front Behav Neurosci, 8,
32. doi:10.3389/fnbeh.2014.00032

Shekhar, A., Truitt, W., Rainnie, D., & Sajdyk, T. (2005). Role of stress, corticotrophin
releasing factor (CRF) and amygdala plasticity in chronic anxiety. Stress, 8§, 209-219.
doi:10.1080/10253890500504557



https://www.nature.com/articles/tp2016126#supplementary-information
http://dx.doi.org/10.1016/S0005-7894(71)80064-3

6. References 183

Shi, C., & Davis, M. (2001). Visual Pathways Involved in Fear Conditioning Measured with
Fear-Potentiated Startle: Behavioral and Anatomic Studies. Journal of Neuroscience,
21, 9844-9855. doi:https://doi.org/10.1523/JNEUROSCI.21-24-09844.2001

Shields, S. A., MacDowell, K. A., Fairchild, S. B., & Campbell, M. L. (1987). Is mediation of
sweating cholinergic, adrenergic, or both? A comment on the literature.
Psychophysiology, 24, 312-319. d0i:10.1111/}.1469-8986.1987.tb00301 .x.

Shin, L. M., & Liberzon, 1. (2010). The neurocircuitry of fear, stress, and anxiety disorders.
Neuropsychopharmacology, 35, 169-191. doi:10.1038/npp.2009.83

Shors, T. J., Chua, C., & Falduto, J. (2001). Sex Differences and Opposite Effects of Stress on
Dendritic Spine Density in the Male Versus Female Hippocampus. 2/, 6292-6297.
doi:10.1523/INEUROSCI.21-16-06292.2001 %]J The Journal of Neuroscience

Shors, T. J., Falduto, J., & Leuner, B. (2004). The opposite effects of stress on dendritic spines
in male vs. female rats are NMDA receptor-dependent. The European journal of
neuroscience, 19, 145-150. Retrieved from
https://www.ncbi.nlm.nih.gov/pubmed/14750972

https://www.ncbi.nlm.nih.gov/pmc/PMC3422870/

Simons-Weidenmaier, N. S., Weber, M., Plappert, C. F., Pilz, P. K., & Schmid, S. (2006).
Synaptic depression and short-term habituation are located in the sensory part of the
mammalian startle pathway. BMC Neurosci, 7, 38. doi:10.1186/1471-2202-7-38

Singmann, H., Bolker, B., Westfall, J., & Aust, F. (2019). afex: Analysis of Factorial
Experiments. http://afex.singmann.science/, https://github.com/singmann/afex.

Sjouwerman, R., Niehaus, J., Kuhn, M., & Lonsdorf, T. B. (2016). Don't startle me-Interference
of startle probe presentations and intermittent ratings with fear acquisition.
Psychophysiology, 53, 1889-1899. doi:10.1111/psyp.12761

Sjouwerman, R., Niehaus, J., & Lonsdorf, T. B. (2015). Contextual Change After Fear
Acquisition Affects Conditioned Responding and the Time Course of Extinction
Learning-Implications for Renewal Research. Front Behav Neurosci, 9, 337.
doi:10.3389/fnbeh.2015.00337

Smeets, T., Cornelisse, S., Quaedflieg, C. W. E. M., Meyer, T., Jelicic, M., & Merckelbach, H.
(2012). Introducing the Maastricht Acute Stress Test (MAST): A quick and non-
invasive approach to elicit robust autonomic and glucocorticoid stress responses.
Psychoneuroendocrinology, 37, 1998-2008. doi:10.1016/j.psyneuen.2012.04.012

Smith, D. M., & Bulkin, D. A. (2014). The form and function of hippocampal context
representations. Neurosci Biobehav Rev, 40, 52-61.
doi:10.1016/j.neubiorev.2014.01.005

Soeter, M., & Kindt, M. (2011). Noradrenergic enhancement of associative fear memory in
humans. Neurobiol Learn Mem, 96, 263-271. doi:10.1016/j.nlm.2011.05.003

Sokol, N., & Lovibond, P. F. (2012). Cross-US reinstatement of human conditioned fear: return
of old fears or emergence of new ones? Behav Res Ther, 50, 313-322.
doi:10.1016/j.brat.2012.02.005

Somers, J. M., Goldner, E. M., Waraich, P., & Hsu, L. (2006). Prevalence and incidence studies
of anxiety disorders: a systematic review of the literature. The Canadian Journal of
Psychiatry, 51, 100-113. doi:10.1177/070674370605100206

Souza, R. R., Noble, L. J., & Mclntyre, C. K. (2017). Using the Single Prolonged Stress Model
to Examine the Pathophysiology of PTSD. Front Pharmacol, 8, 615.
doi:10.3389/fphar.2017.00615

Stark, R., Wolf, O. T., Tabbert, K., Kagerer, S., Zimmermann, M., Kirsch, P., . . . Vaitl, D.
(2006). Influence of the stress hormone cortisol on fear conditioning in humans:
evidence for sex differences in the response of the prefrontal cortex. Neuroimage, 32,
1290-1298. doi:10.1016/j.neuroimage.2006.05.046



https://doi.org/10.1523/JNEUROSCI.21-24-09844.2001
https://www.ncbi.nlm.nih.gov/pubmed/14750972
https://www.ncbi.nlm.nih.gov/pmc/PMC3422870/
http://afex.singmann.science/
https://github.com/singmann/afex

6. References 184

Stevenson, C. W., Meredith, J. P., Spicer, C. H., Mason, R., & Marsden, C. A. (2009). Early
life programming of innate fear and fear learning in adult female rats. Behav Brain Res,
198, 51-57. doi:10.1016/j.bbr.2008.10.021

Stewart, M. G., Davies, H. A., Sandi, C., Kraev, I. V., Rogachevsky, V. V., Peddie, C. J., . ..
Popov, V. L. (2005). Stress suppresses and learning induces plasticity in CA3 of rat
hippocampus: a three-dimensional ultrastructural study of thorny excrescences and
their postsynaptic densities. Neuroscience, 131, 43-54.
doi:10.1016/j.neuroscience.2004.10.031

Stockhorst, U., & Antov, M. 1. (2016). Modulation of Fear Extinction by Stress, Stress
Hormones and Estradiol: A Review. Front Behav Neurosci, 9, 359.
doi:10.3389/fnbeh.2015.00359

Stroud, C. B. (2020). The Stress Sensitization Model. In K. L. Harkness & E. P. Hayden (Eds.),
The Oxford Handbook of Stress and Mental Health (pp. 348-370).

Szabo, S., Tache, Y., & Somogyi, A. (2012). The legacy of Hans Selye and the origins of stress
research: a retrospective 75 years after his landmark brief "letter" to the editor# of
nature. Stress, 15,472-478. doi:10.3109/10253890.2012.710919

Tabbert, K., Merz, C. J., Klucken, T., Schweckendiek, J., Vaitl, D., Wolf, O. T., & Stark, R.
(2010). Cortisol enhances neural differentiation during fear acquisition and extinction
in contingency aware young women. Neurobiol Learn Mem, 94, 392-401.
doi:10.1016/.nlm.2010.08.006

Tabbert, K., Merz, C. J., Klucken, T., Schweckendiek, J., Vaitl, D., Wolf, O. T., & Stark, R.
(2011). Influence of contingency awareness on neural, electrodermal and evaluative
responses during fear conditioning. Soc Cogn Affect Neurosci, 6, 495-506.
doi:10.1093/scan/nsq070

Tang, J., Ko, S., Ding, H. K., Qiu, C. S., Calejesan, A. A., & Zhuo, M. (2005). Pavlovian fear
memory induced by activation in the anterior cingulate cortex. Mol Pain, I, 6.
doi:10.1186/1744-8069-1-6

Tasker, J. G., Di, S., & Malcher-Lopes, R. (2006). Minireview: rapid glucocorticoid signaling
via  membrane-associated  receptors.  Endocrinology, 147,  5549-5556.
doi:10.1210/en.2006-0981

Timmers, 1., Klaas, A. L., Quaedflieg, C. W. E. M., Biggs, E. E., Smeets, T., & de Jong, J. R.
(2018). Fear of pain and cortisol reactivity predict the strength of stress-induced
hypoalgesia. European Journal of Pain, 22, 1291-1303. do1:10.1002/ejp.1217

Torrubia, R., Avila, C., Molto, J., & Caseras, X. (2001). The Sensitivity to Punishment and
Sensitivity to Reward Questionnaire (SPSRQ) as a measure of Gray's anxiety and
impulsivity dimensions. Personality and Individual Differences, 31, 837-862.
doi:https://doi.org/10.1016/S0191-8869(00)00183-5

Tovote, P., Fadok, J. P., & Luthi, A. (2015). Neuronal circuits for fear and anxiety. Nat Rev
Neurosci, 16,317-331. doi:10.1038/nrn3945

Trevino, M. (2016). Associative Learning Through Acquired Salience. Front Behav Neurosci,
9, 353. doi:10.3389/fnbeh.2015.00353

Tyrka, A. R., Price, L. H., Gelernter, J., Schepker, C., Anderson, G. M., & Carpenter, L. L.
(2009). Interaction of childhood maltreatment with the corticotropin-releasing hormone
receptor gene: effects on hypothalamic-pituitary-adrenal axis reactivity. Biol
Psychiatry, 66, 681-685. doi:10.1016/j.biopsych.2009.05.012

Ulrich-Lai, Y. M., & Herman, J. P. (2009). Neural regulation of endocrine and autonomic stress
responses. Nat Rev Neurosci, 10, 397-409. doi:10.1038/nrn2647

Valentino, R. J., & Van Bockstaele, E. (2008). Convergent regulation of locus coeruleus
activity as an adaptive response to stress. EFuropean Journal of Pharmacology, 583,
194-203. doi:10.1016/j.ejphar.2007.11.062



https://doi.org/10.1016/S0191-8869(00)00183-5

6. References 185

Vervliet, B., Baeyens, F., Van den Bergh, O., & Hermans, D. (2013a). Extinction,
generalization, and return of fear: a critical review of renewal research in humans. Biol
Psychol, 92, 51-58. d0i:10.1016/j.biopsycho.2012.01.006

Vervliet, B., Craske, M. G., & Hermans, D. (2013b). Fear extinction and relapse: state of the
art. Annu Rev Clin Psychol, 9, 215-248. doi:10.1146/annurev-clinpsy-050212-185542

Victor, R. G., Leimbach, W. N., Seals, D. R., Wallin, B. G., & Mark, A. L. (1987). Effects of
the Cold Pressor Test on muscle sympathetic nerve activity in humans. Hypertension,
9,429-436. d0i:10.1161/01.hyp.9.5.429

Vig, K. D., El-Gabalawy, R., & Asmundson, G. J. G. (2020). Stress and Comorbidity of
Physical and Mental Health. In K. L. Harkness & E. P. Hayden (Eds.), The Oxford
Handbook of Stress and Mental Health (pp. 312-330).

Vrana, S. R., Spence, E. L., & Lang, P. J. (1988). The startle probe response: A new measure
of  emotion?  Journal of  Abnormal  Psychology, 97, 487,491.
doi:https://doi.org/10.1037/0021-843X.97.4.487

Vyas, A., Jadhav, S., & Chattarji, S. (2006). Prolonged behavioral stress enhances synaptic
connectivity in the basolateral amygdala. Neuroscience, 143, 387-393.
doi:10.1016/j.neuroscience.2006.08.003

Vyas, A., Mitra, R., Shankaranarayana Rao, B. S., & Chattarji, S. (2002). Chronic stress
induces contrasting patterns of dendritic

remodeling in Hippocampal and Amygdaloid neurons. The Journal of Neuroscience, 22, 6810-
6818. doi://doi.org/10.1523/JINEUROSCI.22-15-06810.2002

Wang, P. S., Aguilar-Gaxiola, S., Alonso, J., Angermeyer, M. C., Borges, G., Bromet, E. J., . .
. Wells, J. E. (2007). Use of mental health services for anxiety, mood, and substance
disorders in 17 countries in the WHO world mental health surveys. The Lancet, 370,
841-850. doi:10.1016/s0140-6736(07)61414-7

Weich, S., Patterson, J., Shaw, R., & Stewart-Brown, S. (2009). Family relationships in
childhood and common psychiatric disorders in later life: systematic review of
prospective studies. Br J Psychiatry, 194, 392-398. doi:10.1192/bjp.bp.107.042515

Weidemann, G., Best, E., Lee, J. C., & Lovibond, P. F. (2013). The role of contingency
awareness in single-cue human eyeblink conditioning. Learn Mem, 20, 363-366.
doi:10.1101/Im.029975.112

Weike, A. 1., Hamm, A. O., Schupp, H. T., Runge, U., Schroeder, H. W., & Kessler, C. (2005).
Fear conditioning following unilateral temporal lobectomy: dissociation of conditioned
startle potentiation and autonomic learning. J Neurosci, 25, 11117-11124.
doi:10.1523/JINEUROSCI.2032-05.2005

Weike, A. L., Schupp, H. T., & Hamm, A. O. (2007). Fear acquisition requires awareness in
trace but not delay conditioning. Psychophysiology, 44. doi:10.1111/1.1469-
8986.2006.00469.x

Weiss, T., Skelton, K., Phifer, J., Jovanovic, T., Gillespie, C. F., Smith, A., . . . Ressler, K. J.
(2011). Posttraumatic stress disorder is a risk factor for metabolic syndrome in an
impoverished urban population. Gen Hosp  Psychiatry, 33, 135-142.
doi:10.1016/j.genhosppsych.2011.01.002

Westbrook, R. F., Good, A. J., & Kiernan, M. J. (1997). Microinjection of morphine into the
nucleus accumbens impairs contextual learning in rats. Behavioral Neuroscience, 111,
996-1013. doi:10.1037//0735-7044.111.5.996

Wilber, A. A., Southwood, C. J., Sokoloff, G., Steinmetz, J. E., & Wellman, C. L. (2007).
Neonatal maternal separation alters adult eyeblink conditioning and glucocorticoid
receptor expression in the interpositus nucleus of the cerebellum. Dev Neurobiol, 67,
1751-1764. doi:10.1002/dneu.20549



https://doi.org/10.1037/0021-843X.97.4.487

6. References 186

Wilber, A. A., Southwood, C. J., & Wellman, C. L. (2009). Brief neonatal maternal separation
alters extinction of conditioned fear and corticolimbic glucocorticoid and NMDA
receptor expression in adult rats. Dev Neurobiol, 69, 73-87. doi:10.1002/dneu.20691

Wilber, A. A., Walker, A. G., Southwood, C. J.,, Farrell, M. R., Lin, G. L., Rebec, G. V., &
Wellman, C. L. (2011). Chronic stress alters neural activity in medial prefrontal cortex
during retrieval of extinction. Neuroscience, 174, 115-131.
doi:10.1016/j.neuroscience.2010.10.070

Wolf, O. T. (2008). The influence of stress hormones on emotional memory: relevance for
psychopathology. Acta Psychol (Amst), 127, 513-531.
doi:10.1016/j.actpsy.2007.08.002

Wolf, O. T., Minnebusch, D., & Daum, 1. (2009). Stress impairs acquisition of delay eyeblink
conditioning in men and women. Neurobiol Learn Mem, 91, 431-436.
doi:10.1016/j.nlm.2008.11.002

Wong, A. H. K., & Lovibond, P. F. (2017). Rule-based generalisation in single-cue and
differential fear conditioning in humans. Biol Psychol, 129, 111-120.
doi:10.1016/j.biopsycho.2017.08.056

Woon, E. P., Seibert, T. A., Urbanczyk, P. J., Ng, K. H., & Sangha, S. (2020). Differential
effects of prior stress on conditioned inhibition of fear and fear extinction. Behav Brain
Res, 381, 112414. doi:10.1016/j.bbr.2019.112414

Yamamoto, S., Morinobu, S., Fuchikami, M., Kurata, A., Kozuru, T., & Yamawaki, S. (2008).
Effects of single prolonged stress and D-cycloserine on contextual fear extinction and
hippocampal NMDA receptor expression in a rat model of PTSD.
Neuropsychopharmacology, 33, 2108-2116. doi:10.1038/sj.npp.1301605

Yamamoto, S., Morinobu, S., Takei, S., Fuchikami, M., Matsuki, A., Yamawaki, S., &
Liberzon, I. (2009). Single prolonged stress: toward an animal model of posttraumatic
stress disorder. Depress Anxiety, 26, 1110-1117. doi:10.1002/da.20629

Zorawski, M., Blanding, N. Q., Kuhn, C. M., & LaBar, K. S. (2006). Effects of stress and sex
on acquisition and consolidation of human fear conditioning. Learn Mem, 13, 441-450.
doi:10.1101/Im.189106

Zorawski, M., & Killcross, S. (2002). Posttraining glucocorticoid receptor agonist enhances
memory in appetitive and aversive Pavlovian discrete-cue conditioning paradigms.
Neurobiol Learn Mem, 78, 458-464. doi:10.1006/nlme.2002.4075



7. Annex 187

7 Annex

7.1 Additional statistical analyses

Suppl. Table 1. ANCOVAs for cortisol level with h sport/week as covariate of Study 1. .......ccccccvveeeveecrveecreenne. 190
Suppl. Table 2. ANCOVAs for valence ratings with h sport/week as covariate of Study 1. .........ccccevvevvveueenen. 191
Suppl. Table 3. ANCOVAs for arousal ratings with h sport/week as covariate of Study 1. ........ccccovevveeveernennen. 192
Suppl. Table 4. ANCOVAs for fear ratings with h sports/week as covariate of Study 1. .........cccoeveveevrveevreenne. 193
Suppl. Table 5. ANCOVAs for US-expectancy ratings with h sport/week as covariate of Study 1...................... 194
Suppl. Table 6. ANCOVASs for startle response with h sport/week as covariate of Study 1...........cceevveveervensen. 195
Suppl. Table 7. ANCOVAs for SCR with h sport/week as covariate of Study 1. ........cccoeevveevveeeiiveecieeireeeireennne, 196
Suppl. Table 8. Initial ANOVAS for cortisol 1evel Of SLUAY 1. .........ueueeeueeeeeiieeeeeeeeseeeeeeee e see e ea e etva s 197
Suppl. Table 9. Initial ANOVAS for valence ratings Of StUAY L........coocueeeeesieieeiiieeesiiieeeiee et esiee e siee s 198
Suppl. Table 10. Initial ANOVASs for arousal ratings Of StUAY L. .......ccueeeeeceereeieieeesiieeecieeeseeeeseeeeetea e 199
Suppl. Table 11. Initial ANOVAS for fear ratings of SEUAY 1. .........eeeoeueeeeeeiieeecieeeeeeeeectee e seeeeseaaeetaa s 200
Suppl. Table 12. Initial ANOVAs for US-expectancy ratings of SEUAY 1 ........c.ccccueeeeiueeeeeiieieeiiieeesiieeeeiee e 201
Suppl. Table 13. Initial ANOVAS for startle response Of StUAY 1. .........ooeeeoueieeiuieiisiiieeesieeeeiee e siiee s 202
Suppl. Table 14. Initial ANOVAS fOr SCR Of SEUAY L. .cc...eeeeeeeeeeeeeeeee ettt ee st e ettt e e et e e saeaaesteaaeesteaennnees 203
Suppl. Table 15. ANCOVA for cortisol level with duration of hand immersion as covariate of Study 2. ............ 204
Suppl. Table 16. ANCOVA for systolic blood pressure with duration of hand immersion as covariate of Study 2.
............................................................................................................................................................................ 205
Suppl. Table 17. ANCOVA for diastolic blood pressure with duration of hand immersion as covariate of Study 2.
............................................................................................................................................................................ 206
Suppl. Table 18. ANCOVA for pulse with duration of hand immersion as covariate of Study 2. ........................ 207
Suppl. Table 19. ANCOVA for stress ratings with duration of hand immersion as covariate of Study 2............ 208
Suppl. Table 20. ANCOVA for valence ratings with mean cort level of re-extinction as covariate of Study 2.... 209
Suppl. Table 21. ANCOVA for arousal ratings with mean cort level of re-extinction as covariate of Study 2....210
Suppl. Table 22. ANCOVA for fear ratings with mean cort level of re-extinction as covariate of Study 2. ........ 211
Suppl. Table 23. ANCOVA for US-expectancy ratings with mean cort level of re-extinction as covariate of Study
2 ettt ettt eut At ekttt ea st et s e e bt e bt e he e te e ateeat e eaeeehe et e et e e ut e e heeebe e bt e bt e teeneeueeeueeaneeaneeteea 212
Suppl. Table 24. ANCOVA for startle response with mean cort level of re-extinction as covariate of Study 2. .213
Suppl. Table 25. ANCOVA for SCR with mean cort level of re-extinction as covariate of Study 2. ..................... 214
Suppl. Table 26. ANCOVA for valence & arousal ratings with mean SysBP of extinction as covariate of Study 2.
............................................................................................................................................................................ 215
Suppl. Table 27. ANCOVA for fear & US-expectancy ratings with mean SysBP of extinction as covariate of Study
2 ettt ettt ettt a e u e bRt et et ae e Rt e e Rttt e a e e e R et n e e ne st st e naeenntenneeaneea 216
Suppl. Table 28. ANCOVA for startle response & SCR with mean SysBP of extinction as covariate of Study 2..217

. Table 29. ANCOVAs for valence ratings with mean pulse value as covariate of Study 2. ....................... 219



7. Annex 188

Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.
Suppl.

Table 30. ANCOVAs for arousal ratings with mean pulse value as covariate of Study 2......................... 220
Table 31. ANCOVASs for fear ratings with mean pulse value as covariate of Study 2............cccouvveeuneen.. 221
Table 32. ANCOVAs for US-expectancy ratings with mean pulse value as covariate of Study 2. ............ 222
Table 33. ANCOVAEs for startle response with mean pulse value as covariate of Study 2........................ 223
Table 34. ANCOVAs for SCR with mean pulse value as covariate of Study 2...........cccceeevvcvveeeccveeeniinnnnn. 224
Table 35. ANOVAs for cortisol level of the recent recall subgroup of Study 2. ..........ccceeevvvveeccveeecennnn. 226
Table 36. Post-hoc contrasts for cortisol level of the recent recall subgroup of Study 2......................... 226
Table 37. Post-hoc contrasts for systolic blood pressure of the recent recall subgroup of Study 2......... 227
Table 38. ANOVAs for systolic blood pressure of the recent recall subgroup of Study 2......................... 227

Table 39. Post-hoc contrasts for diastolic blood pressure of the recent recall subgroup of Study 2....... 228

Table 40. ANOVAEs for diastolic blood pressure of the recent recall subgroup of Study 2. ...................... 228
Table 41. ANOVAs for pulse of the recent recall subgroup of Study 2...........ccoeceueeeviciveeeesciiiesiiieeesiennn. 229
Table 42. ANOVAs for stress ratings of the recent recall subgroup of Study 2..........cccceevvvvveeevveeecrennnn. 229
Table 43. ANOVAs for valence ratings of the recent recall subgroup of Study 2............cccccvvevecevvvenennnn. 230
Table 44. Post-hoc contrasts for valence ratings of the recent recall subgroup of Study 2. ................... 231
Table 45. ANOVAs for arousal ratings of the recent recall subgroup of Study 2..........ccccvuvveeecvveecnnnnn. 232
Table 46. Post-hoc contrasts for arousal ratings of the recent recall subgroup of Study 2..................... 233
Table 47. ANOVAEs for fear ratings of the recent recall subgroup of Study 2. .........cccceeevvcvveenecveeeninnnnn. 234
Table 48. Post-hoc contrasts for fear ratings of the recent recall subgroup of Study 2. ......................... 235
Table 49. ANOVAs for US-expectancy ratings of the recent recall subgroup of Study 2. ........................ 236
Table 50. Post-hoc contrasts for US-expectancy ratings of the recent recall subgroup of Study 2. ........ 237
Table 51. ANOVAEs for startle response of the recent recall subgroup of Study 2. .........ccccvvevecevveeneennn. 238
Table 52. Post-hoc contrasts for startle response of the recent recall subgroup of Study 2. .................. 238

Table 53. ANOVAs for SCR of the recent recall subgroup of Study 2. ........cccueeeveeeeeevsciieeesiieieesiiee e, 239



7. Annex 189

7.1.1 ANCOVAs with covariate hours sport/week of Study 1

As stated in section 2.2.1, the one-factorial ANOVA for the hours sport per week with
the between-subjects factor group (context-A stress, context-A sham, context-B stress) was
significant (F(1, 65) = 3.75, p = .029, n; = .10) in Study 1. Post-hoc simple contrasts (Bonfer-
roni corrected a < .017) revealed that the context-A sham group had a significantly higher
number of hours sport per week in comparison to the context-A stress group (F(1, 65) = 7.50,
p =.008, n5 = .10). Otherwise, the context-B stress group did not differ from the context-A
stress (F(1, 65) = 1.84, p =179, n; = .03) or context-A sham group (F(1, 65) = 1.83, p = .181,
ng =.03).

Listed below are the ANCOVA results with hours sport per week included as covariate
in all statistical analyses of Study 1 separately for each experimental day (i.e., stress day, threat
acquisition, extinction learning, re-extinction). In sum, only the ANCOVA for US-expectancy
ratings at re-extinction returned a significant main effect of sport (F(1,56) = 9.56, p = 0.003,
nzz, = .15; see suppl. Table 5). Furthermore, the covariate did not interaction with the main
effects of stimulus and group or its interactions and was therefore not included in the main

analyses.
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Manipulation check

Suppl. Table 1. ANCOVASs for cortisol level with h sport/week as covariate of Study 1.
Results of analyses for cortisol level with hours sport per week as covariate separately for each
experimental day (i.e., stress day, threat acquisition, extinction learning, re-extinction) of Study 1.

Stress Day Dfyum Dfen F-value  p-Value part.n?
Phase 1 53 13.44 <.001 20 ***
Groups 2 53 2.35 105 .08
Phase x Groups 2 53 2.98 .059 .10
Sport 1 53 0.31 583 <.01
Phase x Sport 1 53 4.00 .051 .07
Threat acquisition

Phase 1 53 3.07 .086 .05
Groups 2 53 0.86 428 .03
Phase x Groups 2 53 0.33 124 .01
Sport 1 53 0.00 991 <.01
Phase x Sport 1 53 3.75 .058 .07
Extinction learning

Phase 1 53 0.24 .629 <.01
Groups 2 53 0.43 .655 .02
Phase x Groups 2 53 0.98 384 .04
Sport 1 53 0.16 .688 <.01
Phase x Sport 1 53 0.10 751 <.01
Re-extinction

Phase 1 44 2.21 144 .05
Groups 2 44 1.28 288 .06
Phase x Groups 2 44 0.13 .882 <.01
Sport 1 44 1.43 .239 .03
Phase x Sport 1 44 0.12 733 <.01

Note: * p <050, ** p <.010, *** p < 001
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Threat conditioning results — valence ratings

Suppl. Table 2. ANCOVAs for valence ratings with h sport/week as covariate of Study 1.
Results of analyses for valence ratings with hours sport per week as covariate separately for each
experimental day (i.e., threat acquisition, extinction learning, memory recall, re-extinction) of Study

1.
Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Phase 1 64 6.89 011 10 *
Stimulus 1 64 0.52 472 <.01
Groups 2 64 0.61 547 .02
Phase x Stimulus 1 64 1.99 .164 .03
Phase x Groups 2 64 0.68 S10 .02
Stimulus x Groups 2 64 3.40 .040 10*
Phase x Stimulus x Groups 2 64 0.39 .680 .01
Sport 1 64 0.18 .676 <.01
Phase x Sport 1 64 0.03 .866 <.01
Stimulus x Sport 1 64 0.52 472 <.01
Phase x Stimulus x Sport 1 64 0.01 934 <.01
Extinction learning
Phase 1 64 0.14 710 <.01
Stimulus 1 64 1.47 230 .02
Groups 2 64 0.39 .682 .01
Phase x Stimulus 1 64 4.06 .048 .06 *
Phase x Groups 2 64 0.33 720 .01
Stimulus x Groups 2 64 4.61 .013 A3 *
Phase x Stimulus x Groups 2 64 0.04 963 <.01
Sport 1 64 0.00 992 <.01
Phase x Sport 1 64 0.19 .662 <.01
Stimulus x Sport 1 64 0.50 483 <.01
Phase x Stimulus x Sport 1 64 0.05 821 <.01
Memory recall
Phase 1 56 0.12 733 <.01
Stimulus 1 56 0.09 770 <.01
Groups 2 56 0.61 547 .02
Phase x Stimulus 1 56 0.14 11 <.01
Phase x Groups 2 56 0.70 502 .02
Stimulus x Groups 2 56 6.07 .004 18 ¥
Phase x Stimulus x Groups 2 56 0.79 457 .03
Sport 1 56 0.22 .640 <.01
Phase x Sport 1 56 0.41 525 <.01
Stimulus x Sport 1 56 1.16 287 .02
Phase x Stimulus x Sport 1 56 0.44 510 <.01
Re-extinction
Phase 1 56 0.46 502 <.01
Stimulus 1 56 0.11 746 <.01
Groups 2 56 1.00 375 .03
Phase x Stimulus 1 56 0.09 768 <.01
Phase x Groups 2 56 0.15 .858 <.01
Stimulus x Groups 2 56 4.30 .018 A3 *
Phase x Stimulus x Groups 2 56 2.13 129 .07
Sport 1 56 0.95 335 .02
Phase x Sport 1 56 0.02 901 <.01
Stimulus x Sport 1 56 1.22 273 .02
Phase x Stimulus x Sport 1 56 0.25 .617 <.01

Note: * p <.050, ** p <.010, *** p <

.001
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Threat conditioning results — arousal ratings

Suppl. Table 3. ANCOVAs for arousal ratings with h sport/week as covariate of Study 1.
Results of analyses for arousal ratings with hours sport per week as covariate separately for each
experimental day (i.e., threat acquisition, extinction learning, memory recall, re-extinction) of Study

1.
Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Phase 1 64 11.72 .001 15 **
Stimulus 1 64 4.45 .039 07 *
Groups 2 64 0.76 470 .02
Phase x Stimulus 1 64 3.58 .063 .05
Phase x Groups 2 64 0.10 905 <.01
Stimulus x Groups 2 64 2.72 074 .08
Phase x Stimulus x Groups 2 64 0.29 746 <.01
Sport 1 64 1.81 183 .03
Phase x Sport 1 64 0.92 .340 .01
Stimulus x Sport 1 64 0.08 .780 <.01
Phase x Stimulus x Sport 1 64 0.04 .840 <.01
Extinction learning
Phase 1 64 0.20 .655 <.01
Stimulus 1 64 0.91 343 .01
Groups 2 64 0.04 .960 <.01
Phase x Stimulus 1 64 1.74 192 .03
Phase x Groups 2 64 0.87 422 .03
Stimulus x Groups 2 64 4.23 .019 A2 %
Phase x Stimulus x Groups 2 64 0.47 .627 .01
Sport 1 64 0.61 436 <.01
Phase x Sport 1 64 0.03 875 <.01
Stimulus x Sport 1 64 0.45 507 <.01
Phase x Stimulus x Sport 1 64 0.01 933 <.01
Memory recall
Phase 1 56 1.50 225 .03
Stimulus 1 56 0.75 .389 .01
Groups 2 56 0.06 .939 <.01
Phase x Stimulus 1 56 2.71 105 .05
Phase x Groups 2 56 1.17 319 .04
Stimulus x Groups 2 56 3.26 .046 10 *
Phase x Stimulus x Groups 2 56 0.40 .674 .01
Sport 1 56 1.93 170 .03
Phase x Sport 1 56 2.15 .149 .04
Stimulus x Sport 1 56 0.31 578 <.01
Phase x Stimulus x Sport 1 56 0.30 .586 <.01
Re-extinction
Phase 1 56 3.97 051 .07
Stimulus 1 56 1.61 209 .03
Groups 2 56 0.76 473 .03
Phase x Stimulus 1 56 0.59 446 .01
Phase x Groups 2 56 0.43 .653 .02
Stimulus x Groups 2 56 2.68 077 .09
Phase x Stimulus x Groups 2 56 0.85 434 .03
Sport 1 56 1.46 232 .03
Phase x Sport 1 56 3.83 .055 .06
Stimulus x Sport 1 56 0.02 875 <.01
Phase x Stimulus x Sport 1 56 0.13 723 <.01

Note: * p < .050, ** p <.010, *** p < 001
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Threat conditioning results — fear ratings

Suppl. Table 4. ANCOVASs for fear ratings with h sports/week as covariate of Study 1.

Results of analyses for fear ratings with hours sport per week as covariate separately for each
experimental day (i.e., threat acquisition, extinction learning, memory recall, re-extinction) of Study
1.

Threat acquisition Dfoum Dfgen F-value  p-Value  part.n?
Phase 1 64 16.01 <.001 20 HA*
Stimulus 1 64 0.66 421 .01
Groups 2 64 0.67 S15 .02
Phase x Stimulus 1 64 6.27 .015 .09 *
Phase x Groups 2 64 0.52 595 .02
Stimulus x Groups 2 64 0.90 411 .03
Phase x Stimulus x Groups 2 64 0.75 478 .02
Sport 1 64 0.07 787 <.01
Phase x Sport 1 64 0.33 570 <.01
Stimulus x Sport 1 64 0.45 507 <.01
Phase x Stimulus x Sport 1 64 0.86 358 .01
Extinction learning

Phase 1 64 1.10 299 .02
Stimulus 1 64 1.74 191 .03
Groups 2 64 0.10 905 <.01
Phase x Stimulus 1 64 0.32 571 <.01
Phase x Groups 2 64 2.82 .067 .08
Stimulus x Groups 2 64 1.49 233 .04
Phase x Stimulus x Groups 2 64 0.19 .824 <.01
Sport 1 64 0.09 .760 <.01
Phase x Sport 1 64 1.16 285 .02
Stimulus x Sport 1 64 1.02 317 .02
Phase x Stimulus x Sport 1 64 0.32 571 <.01
Memory recall

Phase 1 56 0.15 .696 <.01
Stimulus 1 56 1.34 251 .02
Groups 2 56 0.24 785 <.01
Phase x Stimulus 1 56 0.06 .810 <.01
Phase x Groups 2 56 0.83 441 .03
Stimulus x Groups 2 56 1.69 193 .06
Phase x Stimulus x Groups 2 56 1.01 370 .03
Sport 1 56 0.02 .900 <.01
Phase x Sport 1 56 0.80 376 .01
Stimulus x Sport 1 56 1.71 197 .03
Phase x Stimulus x Sport 1 56 0.46 498 <.01
Re-extinction

Phase 1 56 0.16 .687 <.01
Stimulus 1 56 0.14 710 <.01
Groups 2 56 0.06 938 <.01
Phase x Stimulus 1 56 2.78 .101 .05
Phase x Groups 2 56 0.28 755 .01
Stimulus x Groups 2 56 1.34 271 .05
Phase x Stimulus x Groups 2 56 1.98 148 .07
Sport 1 56 0.03 .864 <.01
Phase x Sport 1 56 0.21 .645 <.01
Stimulus x Sport 1 56 2.11 152 .04
Phase x Stimulus x Sport 1 56 0.21 .647 <.01
Note: * p < .050, ** p < .010, *** p < 001
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Threat conditioning results — US-expectancy ratings

Suppl. Table 5. ANCOVAs for US-expectancy ratings with h sport/week as covariate of Study 1.
Results of analyses for US-expectancy ratings with hours sport per week as covariate separately for
each experimental day (i.e., threat acquisition, extinction learning, re-extinction) of Study 1.

Threat acquisition Dfyum Dfgen F-value p-Value part. n?
Stimulus 1 64 72.37 <.001 53 HE*
Groups 2 64 0.98 .380 .03
Stimulus x Groups 2 64 0.13 .874 <.01
Sport 1 64 0.06 811 <.01
Stimulus x Sport 1 64 1.42 238 .02
Extinction learning

Stimulus 1 64 3.81 .055 .06
Groups 2 64 0.46 .632 .01
Stimulus x Groups 2 64 0.58 562 .02
Sport 1 64 0.12 727 <.01
Stimulus x Sport 1 64 0.48 491 <.01
Re-extinction

Stimulus 1 56 1.42 .239 .02
Groups 2 56 0.26 769 <.01
Stimulus x Groups 2 56 1.60 210 .05
Sport 1 56 9.56 .003 15 **
Stimulus x Sport 1 56 0.68 413 .01

Note: * p <050, ** p <.010, *** p < 001
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Threat conditioning results — startle response

Suppl. Table 6. ANCOVAs for startle response with h sport/week as covariate of Study 1.
Results of analyses for startle response with hours sport per week as covariate separately for each
experimental day (i.e., threat acquisition, extinction learning, memory recall, re-extinction) of Study

1.
Threat acquisition Dfwum Dfen F-value p-Value part.n?
Stimulus 1 64 5.67 .020 .08 *
Groups 2 64 0.04 957 <.01
Stimulus x Groups 2 64 5.52 .006 15 **
Sport 1 64 2.67 107 .04
Stimulus x Sport 1 64 0.08 776 <.01
Extinction learning
Stimulus 1 64 1.04 311 .02
Groups 2 64 2.01 142 .06
Stimulus x Groups 2 64 0.42 .662 .01
Sport 1 64 0.21 .647 <.01
Stimulus x Sport 1 64 3.90 .052 .06
Memory recall
Phase 1 53 0.16 .688 <.01
Stimulus 1 53 0.05 .830 <.01
Groups 2 53 1.80 174 .06
Phase x Stimulus 1 53 1.31 257 .02
Phase x Groups 2 53 1.28 288 .05
Stimulus x Groups 2 53 0.40 674 .01
Phase x Stimulus x Groups 2 53 0.04 958 <.01
Sport 1 53 0.35 555 <.01
Phase x Sport 1 53 0.82 369 .02
Stimulus x Sport 1 53 3.02 .088 .05
Phase x Stimulus x Sport 1 53 1.27 264 .02
Re-extinction
Stimulus 1 56 1.81 .184 .03
Groups 2 56 1.27 290 .04
Stimulus x Groups 2 56 0.06 .943 <.01
Sport 1 56 0.44 .508 <.01
Stimulus x Sport 1 56 0.25 622 <.01
Note: * p <.050, ** p < .010, *** p < 001
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Threat conditioning results — SCR

Suppl. Table 7. ANCOVAs for SCR with h sport/week as covariate of Study 1.
Results of analyses for SCR with hours sport per week as covariate separately for each experi-
mental day (i.e., threat acquisition, extinction learning, Memory recall, re-extinction) of Study 1.

Threat acquisition Dfyum Dfgen F-value p-Value part. n?
Stimulus 1 59 2.85 .097 .05
Groups 2 59 0.18 .838 <.01
Stimulus x Groups 2 59 0.58 .565 .02
Sport 1 59 0.99 324 .02
Stimulus x Sport 1 59 0.16 .688 <.01
Extinction learning

Stimulus 1 59 5.76 .020 .09 *
Groups 2 59 0.30 743 .01
Stimulus x Groups 2 59 0.21 812 <.01
Sport 1 59 2.82 .098 .05
Stimulus x Sport 1 59 3.60 .063 .06
Memory recall

Phase 1 50 0.01 915 <.01
Stimulus 1 50 1.98 .166 .04
Groups 2 50 0.53 592 .02
Phase x Stimulus 1 50 0.58 450 .01
Phase x Groups 2 50 3.36 .043 A2 %
Stimulus x Groups 2 50 0.16 .857 <.01
Phase x Stimulus x Groups 2 50 0.41 .665 .02
Sport 1 50 3.90 .054 .07
Phase x Sport 1 50 0.45 .505 <.01
Stimulus x Sport 1 50 0.85 360 .02
Phase x Stimulus x Sport 1 50 1.57 216 .03
Re-extinction

Stimulus 1 53 0.03 .866 <.01
Groups 2 53 1.27 289 .05
Stimulus x Groups 2 53 0.13 .878 <.01
Sport 1 53 2.68 107 .05
Stimulus x Sport 1 53 0.35 557 <.01

Note: * p <.050, ** p <.010, *** p < 001
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7.1.2 Initial ANOVAS of Study 1

In Study 1, groups differed prior to the experiment regarding their number of experienced
life events (F(2, 65) = 12.90, p < .001, n,; = .28), assessed via the life events calendar (Caspi
et al., 1996). Following the significant main effect of group by post-hoc simple contrasts (Bon-
ferroni corrected a < .017) showed that the context-B stress group had a significantly higher
number of life events in comparison to the context-A stress (F(1, 65) = 20.12, p < .001, n, =
.24) and context-A sham group (F(1, 65) = 18.84, p < .001, r)f, = .22). Context-A stress and
context-A sham did not differ (F(1, 65) <1, p = .884, nj <.01).

Adding the number of life events as covariate into analyses yielded significant interac-
tions of the covariate with the factor of stimulus. Hence, the main analyses reported in the result
section of Study 1 (see sections 2.3.1 and 2.3.2) comprise ANCOV As. Reported below are the
initial ANOVA results of the respective analyses of Study 1.

Manipulation check

Suppl. Table 8. Initial ANOVAS for cortisol level of Study 1.
Results of analyses for cortisol level separately for each experimental day (i.e., stress day, threat
acquisition, extinction learning, re-extinction) of Study 1.

Stress Day Dfyum Dfen F-value p-Value part.n?
Phase 1 54 13.94 <.001 2] A
Groups 2 54 2.23 117 .08
Phase x Groups 2 54 6.15 .004 .19 **
Threat acquisition

Phase 1 54 0.02 877 <.01
Groups 2 54 1.03 363 .04
Phase x Groups 2 54 0.15 .863 <.01
Extinction learning

Phase 1 54 2.30 135 .04
Groups 2 54 0.57 .569 .02
Phase x Groups 2 54 1.23 301 .04
Re-extinction

Phase 1 45 12.38 .001 22
Groups 2 45 1.87 .166 .08
Phase x Groups 2 45 0.18 .839 <.01

Note: * p < .050, ** p < .010, *** p < .001
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Threat conditioning results — valence ratings

Suppl. Table 9. /nitial ANOVASs for valence ratings of Study 1.
Results of analyses for valence ratings separately for each experimental day (i.e., threat acquisition,
extinction learning, memory recall, re-extinction) of Study 1.

Threat acquisition Dfyum Dfen F-value p-Value part. n?
Phase 1 65 31.81 <.001 33 wEx
Stimulus 1 65 7.51 .008 10 **
Groups 2 65 0.80 455 .02
Phase x Stimulus 1 65 7.40 .008 10 **
Phase x Groups 2 65 0.83 442 .02
Stimulus x Groups 2 65 3.17 .049 .09 *
Phase x Stimulus x Groups 2 65 0.40 .675 .01
Post-acquisition analysis

Stimulus 1 65 11.60 .001 15 x*
Groups 2 65 1.11 337 .03
Phase x Stimulus 2 65 1.73 .186 .05
Extinction learning

Phase 1 65 0.00 .986 <.01
Stimulus 1 65 13.68 <.001 17 FE*
Groups 2 65 0.42 .661 .01
Phase x Stimulus 1 65 13.68 <.001 17 FE*
Phase x Groups 2 65 0.35 709 .01
Stimulus x Groups 2 65 4.43 .016 2%
Phase x Stimulus x Groups 2 65 0.04 965 <.01
Memory recall

Phase 1 54 0.16 .691 <.01
Stimulus 1 54 6.39 .014 A1 *
Groups 2 54 0.53 .594 .02
Phase x Stimulus 1 54 2.68 107 .05
Phase x Groups 2 54 0.79 460 .03
Stimulus x Groups 2 54 4.72 .013 A5 *
Phase x Stimulus x Groups 2 54 0.63 537 .02
Re-extinction

Phase 1 57 1.30 260 .02
Stimulus 1 57 6.48 .014 10 *
Groups 2 57 0.85 433 .03
Phase x Stimulus 1 57 2.14 .149 .04
Phase x Groups 2 57 0.15 .863 <.01
Stimulus x Groups 2 57 3.69 .031 A1 *
Phase x Stimulus x Groups 2 57 2.04 .139 .07

Note: * p < .050, ** p <010, *** p < 001
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Threat conditioning results — arousal ratings

Suppl. Table 10. /Initial ANOVAs for arousal ratings of Study 1.
Results of analyses for arousal ratings separately for each experimental day (i.e., threat acquisition,
extinction learning, memory recall, re-extinction) of Study 1.

Threat acquisition Dfwum Dfen F-value p-Value part.n?
Phase 1 65 27.37 <.001 30 A
Stimulus 1 65 14.40 <.001 8 HE*
Groups 2 65 0.90 412 .03
Phase x Stimulus 1 65 12.2 <.001 16 *E*
Phase x Groups 2 65 0.28 .760 <.01
Stimulus x Groups 2 65 3.22 .047 .09 *
Phase x Stimulus x Groups 2 65 0.31 736 <.01
Post-acquisition analysis

Stimulus 1 65 23.58 <.001 27 wA*
Groups 2 65 0.74 479 .02
Phase x Stimulus 2 65 2.32 107 .07
Extinction learning

Phase 1 65 0.40 .529 <.01
Stimulus 1 65 9.69 .003 13 **
Groups 2 65 0.15 .858 <.01
Phase x Stimulus 1 65 6.42 .014 .09 *
Phase x Groups 2 65 0.88 420 .03
Stimulus x Groups 2 65 4.05 .022 A1 *
Phase x Stimulus x Groups 2 65 0.49 .613 .01
Memory recall

Phase 1 54 0.06 812 <.01
Stimulus 1 54 6.65 .013 A1 *
Groups 2 54 0.20 .817 <.01
Phase x Stimulus 1 54 5.04 .029 .09 *
Phase x Groups 2 54 1.23 301 .04
Stimulus x Groups 2 54 2.88 .065 .10
Phase x Stimulus x Groups 2 54 0.30 742 .01
Re-extinction

Phase 1 57 0.34 .560 <.01
Stimulus 1 57 7.96 .007 12 **
Groups 2 57 0.46 .634 .02
Phase x Stimulus 1 57 4.64 .035 .08 *
Phase x Groups 2 57 1.07 .349 .04
Stimulus x Groups 2 57 2.85 .066 .09
Phase x Stimulus x Groups 2 57 0.80 456 .03

Note: * p <.050, ** p < .010, *** p < 001
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Threat conditioning results — fear ratings

Suppl. Table 11. Initial ANOVAS for fear ratings of Study 1.
Results of analyses for fear ratings separately for each experimental day (i.e., threat acquisition,
extinction learning, memory recall, re-extinction) of Study 1.

Threat acquisition Dfyum Dfgen F-value p-Value part. n?
Phase 1 65 50.66 <.001 A4 Hxx
Stimulus 1 65 7.95 .006 A1 **
Groups 2 65 0.65 .523 .02
Phase x Stimulus 1 65 11.81 .001 .15 **
Phase x Groups 2 65 0.40 .674 .01
Stimulus x Groups 2 65 0.75 475 .02
Phase x Stimulus x Groups 2 65 1.06 .353 .03
Extinction learning

Phase 1 65 0.05 .825 <.01
Stimulus 1 65 19.67 <.001 23 k¥
Groups 2 65 0.09 .918 <.01
Phase x Stimulus 1 65 4.67 .034 .07 *
Phase x Groups 2 65 241 .098 .07
Stimulus x Groups 2 65 1.15 323 .03
Phase x Stimulus x Groups 2 65 0.11 .895 <.01
Memory recall

Phase 1 54 0.74 .394 .01
Stimulus 1 54 19.4 <.001 .26 *x*
Groups 2 54 0.44 .649 .02
Phase x Stimulus 1 54 2.38 .128 .04
Phase x Groups 2 54 0.97 .385 .03
Stimulus x Groups 2 54 1.13 .330 .04
Phase x Stimulus x Groups 2 54 0.71 .495 .03
Re-extinction

Phase 1 57 0.00 .993 <.01
Stimulus 1 57 10.28 .002 .15 **
Groups 2 57 0.09 919 <.01
Phase x Stimulus 1 57 17.13 <.001 23 kxk
Phase x Groups 2 57 0.45 .640 .02
Stimulus x Groups 2 57 0.81 449 .03
Phase x Stimulus x Groups 2 57 1.90 .158 .06

Note: * p <.050, ** p <.010, *** p < 001
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Threat conditioning results — US-expectancy ratings

Suppl. Table 12. Initial ANOVAs for US-expectancy ratings of Study 1
Results of analyses for US-expectancy ratings separately for each experimental day (i.e., threat
acquisition, extinction learning, re-extinction) of Study 1.

Threat acquisition Dfyum Dfen F-value p-Value part. n?
Stimulus 1 65 226.28 <.001 .78 ***
Groups 2 65 0.99 .376 .03
Stimulus x Groups 2 65 0.41 .665 .01
Extinction learning

Stimulus 1 65 7.51 .008 .10 **
Groups 2 65 0.61 .546 .02
Stimulus x Groups 2 65 0.86 429 .03
Re-extinction

Stimulus 1 57 14.41 <.001 .20 ***
Groups 2 57 0.11 .898 <.01
Stimulus x Groups 2 57 1.33 273 .04

Note: * p <.050, ** p <.010, *** p < 001
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Threat conditioning results — startle response

Suppl. Table 13. Initial ANOVAS for startle response of Study 1.
Results of analyses for startle response separately for each experimental day (i.e., threat acquisi-
tion, extinction learning, memory recall, re-extinction) of Study 1.

Threat acquisition Dfoum  Dfuen  F-value p-Value part.n?’
Stimulus 1 65 28.60 <.001 31 FE*
Groups 2 65 0.20 .823 <.01
Stimulus x Groups 2 65 6.24 .003 16 **
Extinction learning

Stimulus 1 65 1.89 174 .03
Groups 2 65 1.94 153 .06
Stimulus x Groups 2 65 0.55 .580 .02
Memory recall

Phase 1 54 5.54 .022 .09 *
Stimulus 1 54 3.25 077 .06
Groups 2 54 0.92 406 .03
Phase x Stimulus 1 54 0.03 .855 <.01
Phase x Groups 2 54 2.27 113 .08
Stimulus x Groups 2 54 1.65 202 .06
Phase x Stimulus x Groups 2 54 0.45 .642 .02
Re-extinction

Stimulus 1 57 12.61 <.001 18 ***
Groups 2 57 1.09 345 .04
Stimulus x Groups 2 57 0.13 .881 <.01

Note: * p <.050, ** p <.010, *** p < 001
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Threat conditioning results - SCR

Suppl. Table 14. Initial ANOVAs for SCR of Study 1.
Results of analyses for SCR separately for each experimental day (i.e., threat acquisition, extinction
learning, memory recall, re-extinction) of Study 1.

Threat acquisition Dfoum Dfgen F-value p-Value part.n’
Stimulus 1 60 7.52 .008 A1 **
Groups 2 60 0.10 905 <.01
Stimulus x Groups 2 60 0.55 579 .02
Extinction learning

Stimulus 1 60 2.21 142 .04
Groups 2 60 0.43 .650 .01
Stimulus x Groups 2 60 0.82 443 .03
Memory recall

Phase 1 54 0.98 326 .02
Stimulus 1 54 2.72 .105 .05
Groups 2 54 1.13 330 .04
Phase x Stimulus 1 54 0.22 .639 <.01
Phase x Groups 2 54 2.04 .140 .07
Stimulus x Groups 2 54 0.61 .550 .02
Phase x Stimulus x Groups 2 54 0.99 378 .04
Re-extinction

Stimulus 1 54 0.50 484 <.01
Groups 2 54 0.76 473 .03
Stimulus x Groups 2 54 0.28 .760 .01

Note: * p < .050, ** p <010, *** p < 001
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7.1.3 ANCOVAs with duration of hand immersion as covariate

For Study 2, the stress group differed in their duration of hand immersion during SECPT
in comparison to the sham group, evident in a main effect of group (F(1, 87) =4.82, p = .031,
77;% =.05). Therefore, the duration of hand immersion was included into analyses of manipula-
tion check and trajectory during the threat conditioning for all stress measures (i.e., cortisol
level, sysBP, diaBP, pulse, stress ratings. As the covariate did not interact with the factor group,
it can be assumed that the differences in duration of hand immersion during stress induction

did not influence the manipulation of the stress response. ANCOVA results are listed below.

Cortisol level

Suppl. Table 15. ANCOVA for cortisol level with duration of hand immersion as covariate of Study
2.

Results of analyses for cortisol level with duration of hand immersion during stress induction as
covariate separately for manipulation check and threat conditioning analyses of Study 2.

Stress day Dfwum Dfen F-value p-Value part. n?
Phase 1 86 4.12 .045 .05 *
Group 1 86 0.79 376 <.01
Phase x Group 1 86 18.22 <.001 17 wE*E
Duration 1 86 1.47 229 .02
Phase x Duration 1 86 3.20 .077 .04
Threat acquisition

Phase 1 86 0.02 .879 <.01
Group 1 86 1.59 210 .02
Phase x Group 1 86 0.15 .703 <.01
Duration 1 86 0.00 963 <.01
Phase x Duration 1 86 0.06 .802 < .01
Extinction learning

Phase 1 86 0.01 911 <.01
Group 1 86 0.93 337 .01
Phase x Group 1 86 0.95 332 .01
Duration 1 86 0.00 965 <.01
Phase x Duration 1 86 0.00 981 <.01
Re-extinction

Phase 1 76 0.77 383 .01
Group 1 76 4.16 .045 .05 *
Phase x Group 1 76 3.65 .060 .05
Duration 1 76 0.10 753 <.01
Phase x Duration 1 76 0.17 .685 <.01

Note: * p <.050, ** p <.010, *** p < 001
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Systolic blood pressure

Suppl. Table 16. ANCOVA for systolic blood pressure with duration of hand immersion as covariate
of Study 2.

Results of analyses for systolic blood pressure with duration of hand immersion during stress in-
duction as covariate separately for manipulation check and threat conditioning analyses of Study 2.

Stress day Dfwum Dfen F-value p-Value part. n?
Phase 1.91 164.46 1.03 357 .01
Group 1 86 10.87 .001 1k
Phase x Group 1.91 164.46 21.83 <.001 20 Fx*
Duration 1 86 1.03 313 .01
Phase x Duration 1.91 164.46 2.20 116 .02
Threat acquisition

Phase 1 86 0.46 498 <.01
Group 1 86 1.04 311 .01
Phase x Group 1 86 0.00 .990 <.01
Duration 1 86 0.31 579 <.01
Phase x Duration 1 86 1.32 254 .02
Extinction learning

Phase 1 86 2.14 147 .02
Group 1 86 4.85 .030 .05 *
Phase x Group 1 86 3.38 .069 .04
Duration 1 86 1.17 282 .01
Phase x Duration 1 86 3.01 .087 .03
Re-extinction

Phase 1 76 2.17 145 .03
Group 1 76 3.00 .087 .04
Phase x Group 1 76 0.83 365 .01
Duration 1 76 3.20 077 .04
Phase x Duration 1 76 4.80 .032 .06 *

Note: * p <.050, ** p <.010, *** p < 001
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Diastolic blood pressure

Suppl. Table 17. ANCOVA for diastolic blood pressure with duration of hand immersion as covari-
ate of Study 2.

Results of analyses for diastolic blood pressure with duration of hand immersion during stress in-
duction as covariate separately for manipulation check and threat conditioning analyses of Study 2.

Stress day Dfoum Dfgen F-value p-Value part. n?
Phase 1.86 160.09 0.09 901 <.01
Group 1 86 9.18 .003 10 **
Phase x Group 1.86 160.09 30.91 <.001 26 FE*
Duration 1 86 0.17 .681 <.01
Phase x Duration 1.86 160.09 0.91 .398 .01
Threat acquisition

Phase 1 86 0.58 450 <.01
Group 1 86 1.25 266 .01
Phase x Group 1 86 2.01 .160 .02
Duration 1 86 0.05 .820 <.01
Phase x Duration 1 86 0.75 .390 <.01
Extinction learning

Phase 1 86 0.00 962 <.01
Group 1 86 0.59 443 <.01
Phase x Group 1 86 0.00 977 <.01
Duration 1 86 0.00 961 <.01
Phase x Duration 1 86 0.00 .947 <.01
Re-extinction

Phase 1 76 1.47 230 .02
Group 1 76 0.13 716 <.01
Phase x Group 1 76 0.92 341 .01
Duration 1 76 0.06 812 <.01
Phase x Duration 1 76 1.60 .209 .02

Note: * p <.050, ** p <.010, *** p < 001
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Pulse

Suppl. Table 18. ANCOVA for pulse with duration of hand immersion as covariate of Study 2.
Results of analyses for pulse with duration of hand immersion during stress induction as covariate

separately for manipulation check and threat conditioning analyses of Study 2.

2

Stress day Dfyum Dfgen F-value p-Value part. n
Phase 1.59 136.50 0.90 .388 .01
Group 1 86 7.33 .008 .08 **
Phase x Group 1.59 136.50 0.65 491 <.01
Duration 1 86 0.04 .836 <.01
Phase x Duration 1.59 136.50 0.50 .564 <.01
Threat acquisition

Phase 1 86 0.10 748 <.01
Group 1 86 5.39 .023 .06 *
Phase x Group 1 86 0.56 458 <.01
Duration 1 86 0.28 .598 <.01
Phase x Duration 1 86 1.00 321 .01
Extinction learning

Phase 1 86 0.54 464 <.01
Group 1 86 7.33 .008 .08 **
Phase x Group 1 86 0.11 742 <.01
Duration 1 86 0.04 .841 <.01
Phase x Duration 1 86 0.00 965 <.01
Re-extinction

Phase 1 76 0.02 .887 <.01
Group 1 76 4.63 .035 .06 *
Phase x Group 1 76 1.82 181 .02
Duration 1 76 0.37 .543 <.01
Phase x Duration 1 76 0.08 774 <.01

Note: * p <.050, ** p <.010, *** p < 001
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Stress ratings

Suppl. Table 19. ANCOVA for stress ratings with duration of hand immersion as covariate of Study
2.

Results of analyses for stress ratings with duration of hand immersion during stress induction as
covariate separately for manipulation check and threat conditioning analyses of Study 2.

Unpleasantness Dfyum Dfgen F-value  p-Value part. n?
Group 1 86 263.54 <.001 TS REE
Duration 1 86 0.33 570 <.01
Stressfulness

Group 1 86 91.87 <.001 52 HHE
Duration 1 86 1.28 261 .01
Painfulness

Group 1 86 173.85 <.001 67 Fx*
Duration 1 86 2.39 126 .03

Note: * p < .050, ** p < .010, *** p < 001
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7.1.4 ANCOVAs with mean re-extinction cortisol level as covariate of Study 2

During re-extinction, analysis revealed a significant main effect of groups (F(1, 58) =
8.49, p = .005, 7712, =.13), which indicated higher cortisol levels at both time points of re-ex-
tinction for the sham in comparison to the stress group. Therefore, the mean cortisol level over
pre and post re-extinction measurements was added as covariate into analyses of memory recall
and re-extinction for all threat conditioning measures (i.e. ratings, startle response, SCR). As
the covariate did not interact with the factor stimulus or group for any analyses, it was not

further included into initial analyses. ANCOVA results are listed below.

Threat conditioning results — valence ratings

Suppl. Table 20. ANCOVA for valence ratings with mean cort level of re-extinction as covariate of
Study 2.

Results of analyses for valence ratings with mean cortisol level of pre and post measurements of
re-extinction as covariate separately for memory recall and re-extinction analyses of Study 2.

Memory recall Dfium  Dfyen  F-value p-Value part.n?
Phase 1 58 0.90 .348 .02
Stimulus 1 58 5.72 .020 .09 *
Groups 1 58 0.17 .683 <.01
Phase x Stimulus 1 58 5.39 .024 .09 *
Phase x Groups 1 58 0.13 723 <.01
Stimulus x Groups 1 58 0.07 .789 <.01
Phase x Stimulus x Groups 1 58 2.65 .109 .04
Cortisol re-ext 1 58 0.23 .635 <.01
Phase x Cortisol re-ext 1 58 0.39 .534 <.01
Stimulus x Cortisol re-ext 1 58 0.54 466 <.01
Phase x Stimulus x Cortisol re-ext 1 58 1.81 .184 .03
Re-extinction

Phase 1 58 0.53 470 <.01
Stimulus 1 58 12.07 <.001 17 FEE
Groups 1 58 0.08 779 <.01
Phase x Stimulus 1 58 0.82 368 .01
Phase x Groups 1 58 0.41 524 <.01
Stimulus x Groups 1 58 1.41 .240 .02
Phase x Stimulus x Groups 1 58 0.11 737 <.01
Cortisol re-ext 1 58 0.12 735 <.01
Phase x Cortisol re-ext 1 58 0.21 .648 <.01
Stimulus x Cortisol re-ext 1 58 2.69 .106 .04
Phase x Stimulus x Cortisol re-ext 1 58 0.00 .969 <.01

Note: * p <.050, ** p <.010, *** p <001
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Threat conditioning results — arousal ratings

Suppl. Table 21. ANCOVA for arousal ratings with mean cort level of re-extinction as covariate of
Study 2.

Results of analyses for arousal ratings with mean cortisol level of pre and post measurements of
re-extinction as covariate separately for memory recall and re-extinction analyses of Study 2.

Memory recall Dfium  Dfaen  F-value p-Value part. n?
Phase 1 58 0.01 932 <.01
Stimulus 1 58 1.42 238 .02
Groups 1 58 0.17 .686 <.01
Phase x Stimulus 1 58 1.23 271 .02
Phase x Groups 1 58 1.01 318 .02
Stimulus x Groups 1 58 2.64 110 .04
Phase x Stimulus x Groups 1 58 0.30 .585 <.01
Cortisol re-ext 1 58 0.05 .828 <.01
Phase x Cortisol re-ext 1 58 0.00 .956 <.01
Stimulus x Cortisol re-ext 1 58 0.01 920 <.01
Phase x Stimulus x Cortisol re-ext 1 58 0.07 790 <.01
Re-extinction

Phase 1 58 1.09 301 .02
Stimulus 1 58 3.76 .057 .06
Groups 1 58 0.01 938 <.01
Phase x Stimulus 1 58 0.01 .906 <.01
Phase x Groups 1 58 0.09 770 <.01
Stimulus x Groups 1 58 0.21 .646 <.01
Phase x Stimulus x Groups 1 58 1.22 273 .02
Cortisol re-ext 1 58 0.27 .607 <.01
Phase x Cortisol re-ext 1 58 0.36 551 <.01
Stimulus x Cortisol re-ext 1 58 0.23 .630 <.01
Phase x Stimulus x Cortisol re-ext 1 58 0.46 498 <.01
Note: * p <.050, ** p < .010, *** p < 001
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Threat conditioning results — fear ratings

Suppl. Table 22. ANCOVA for fear ratings with mean cort level of re-extinction as covariate of Study
2.

Results of analyses for fear ratings with mean cortisol level of pre and post measurements of re-
extinction as covariate separately for memory recall and re-extinction analyses of Study 2.

Memory recall Dfoum  Dfaen F-value p-Value part. n?
Phase 1 58 1.10 298 .02
Stimulus 1 58 0.90 347 .02
Groups 1 58 0.02 .884 <.01
Phase x Stimulus 1 58 6.78 .012 10 *
Phase x Groups 1 58 0.99 323 .02
Stimulus x Groups 1 58 2.33 133 .04
Phase x Stimulus x Groups 1 58 2.83 .098 .05
Cortisol re-ext 1 58 0.21 .650 <.01
Phase x Cortisol re-ext 1 58 1.67 201 .03
Stimulus x Cortisol re-ext 1 58 0.08 784 <.01
Phase x Stimulus x Cortisol re-ext 1 58 3.25 .077 .05
Re-extinction

Phase 1 58 4.42 .040 .07 *
Stimulus 1 58 8.00 .006 12 k%
Groups 1 58 0.16 .689 <.01
Phase x Stimulus 1 58 0.19 .668 <.01
Phase x Groups 1 58 0.34 .563 <.01
Stimulus x Groups 1 58 0.13 721 <.01
Phase x Stimulus x Groups 1 58 0.01 923 <.01
Cortisol re-ext 1 58 0.16 .687 <.01
Phase x Cortisol re-ext 1 58 2.78 .101 .05
Stimulus x Cortisol re-ext 1 58 1.50 226 .03
Phase x Stimulus x Cortisol re-ext 1 58 0.22 .640 <.01
Note: * p <.050, ** p < .010, *** p < 001
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Threat conditioning results — US-expectancy ratings

Suppl. Table 23. ANCOVA for US-expectancy ratings with mean cort level of re-extinction as co-

variate of Study 2.

Results of analyses for US-expectancy ratings with mean cortisol level of pre and post measure-
ments of re-extinction as covariate separately for memory recall and re-extinction analyses of Study

2.
Memory recall Dfoum  Dfgen F-value p-Value part. n?
Phase 1 58 12.59 <.001 18 Fx*
Stimulus 1 58 13.04 <.001 18 FE*
Groups 1 58 0.28 .598 <.01
Phase x Stimulus 1 58 15.46 <.001 21 Fx*
Phase x Groups 1 58 0.01 925 <.01
Stimulus x Groups 1 58 0.61 439 .01
Phase x Stimulus x Groups 1 58 0.11 739 <.01
Cortisol re-ext 1 58 0.48 491 <.01
Phase x Cortisol re-ext 1 58 5.04 .029 .08 *
Stimulus x Cortisol re-ext 1 58 0.56 458 <.01
Phase x Stimulus x Cortisol re-ext 1 58 0.89 350 .02
Re-extinction
Phase 1 58 5.80 .019 .09 *
Stimulus 1 58 22.16 <.001 28 HFH*
Groups 1 58 1.46 232 .02
Phase x Stimulus 1 58 8.04 .006 12 k%
Phase x Groups 1 58 0.99 324 .02
Stimulus x Groups 1 58 0.12 735 <.01
Phase x Stimulus x Groups 1 58 0.67 417 .01
Cortisol re-ext 1 58 0.12 735 <.01
Phase x Cortisol re-ext 1 58 5.06 .028 .08 *
Stimulus x Cortisol re-ext 1 58 1.62 209 .03
Phase x Stimulus x Cortisol re-ext 1 58 0.17 .683 <.01
Note: * p <.050, ** p < .010, *** p < 001
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Threat conditioning results — startle response

Suppl. Table 24. ANCOVA for startle response with mean cort level of re-extinction as covariate of
Study 2.

Results of analyses for startle response with mean cortisol level of pre and post measurements of
re-extinction as covariate separately for memory recall and re-extinction analyses of Study 2.

Memory recall Dfium  Dfgen  F-value p-Value part. n?
Phase 1 58 5.18 .027 .08 *
Stimulus 1 58 0.56 457 <.01
Groups 1 58 0.17 .681 <.01
Phase x Stimulus 1 58 2.03 .160 .03
Phase x Groups 1 58 0.02 .891 <.01
Stimulus x Groups 1 58 0.75 .389 .01
Phase x Stimulus x Groups 1 58 1.37 247 .02
Cortisol re-ext 1 58 1.84 180 .03
Phase x Cortisol re-ext 1 58 2.78 101 .05
Stimulus x Cortisol re-ext 1 58 0.00 968 <.01
Phase x Stimulus x Cortisol re-ext 1 58 0.09 769 <.01
Re-extinction
Stimulus 1 58 1.18 282 .02
Groups 1 58 0.62 435 .01
Stimulus x Groups 1 58 0.29 .590 <.01
Cortisol re-ext 1 58 0.40 531 <.01
Stimulus x Cortisol re-ext 1 58 0.30 .585 <.01

1

Note: * p <.050, ** p < .010, *** p < 00
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Threat conditioning results — SCR

Suppl. Table 25. ANCOVA for SCR with mean cort level of re-extinction as covariate of Study 2.
Results of analyses for SCR with mean cortisol level of pre and post measurements of re-extinction
as covariate separately for memory recall and re-extinction analyses of Study 2.

Memory recall Dfyum Dfgen F-value p-Value part. n?
Phase 1 55 0.43 514 <.01
Stimulus 1 55 0.36 553 <.01
Groups 1 55 2.50 119 .04
Phase x Stimulus 1 55 0.06 814 <.01
Phase x Groups 1 55 0.00 954 <.01
Stimulus x Groups 1 55 0.44 Sl <.01
Phase x Stimulus x Groups 1 55 1.68 201 .03
Cortisol re-ext 1 55 2.23 141 .04
Phase x Cortisol re-ext 1 55 0.06 811 <.01
Stimulus x Cortisol re-ext 1 55 0.19 .662 <.01
Phase x Stimulus x Cortisol re-ext 1 55 0.01 937 <.01
Re-extinction

Stimulus 1 55 0.21 .652 <.01
Groups 1 55 2.65 .109 .05
Stimulus x Groups 1 55 3.60 .063 .06
Cortisol re-ext 1 55 1.88 176 .03
Stimulus x Cortisol re-ext 1 55 0.29 592 <.01
Note: * p <.050, ** p < .010, *** p < 001



7. Annex 215

7.1.5 ANCOVAs with mean extinction sysBP as covariate of Study 2

During extinction learning, analysis revealed a significant main effect of groups (F(1,
87)=4.03, p = .048, 7712, =.04), which indicated higher systolic blood pressure pre, after block
1, and post extinction for the stress (vs. sham) group. Therefore, the mean systolic blood pres-
sure over all measurement points for extinction learning was added as covariate into analyses
of extinction learning for all threat conditioning measures (i.e. ratings, startle response, SCR).
As the covariate did not interact with the factor stimulus or group for any analyses, it was not

further included into initial analyses. ANCOVA results are listed below.

Threat conditioning results — valence & arousal ratings

Suppl. Table 26. ANCOVA for valence & arousal ratings with mean SysBP of extinction as covari-
ate of Study 2.

Results of analyses for valence & arousal ratings with mean cortisol level of pre and post measure-
ments of re-extinction as covariate separately for memory recall and re-extinction analyses of Study
2.

Valence ratings Dfrum Dfen F-value p-Value part. n?
Phase 1.58 136.26  0.85 405 <.01
Stimulus 1 86 0.42 518 <.01
Groups 1 86 0.01 939 <.01
Phase x Stimulus 1.69 145.31 0.21 73 <.01
Phase x Groups 1.58 136.26  2.94 .068 .03
Stimulus x Groups 1 86 0.02 .897 <.01
Phase x Stimulus x Groups 1.69 145.31  0.67 488 <.01
SysBP ext 1 86 0.21 .646 <.01
Phase x SysBP ext 1.58 136.26  0.74 451 <.01
Stimulus x SysBP ext 1 86 0.03 .873 <.01
Phase x Stimulus x SysBP ext  1.69 145.31 1.13 318 .01
Arousal ratings Dfoum Dfaen F-value p-Value part. n?
Phase 1.69 14533 194 154 .02
Stimulus 1 86 0.43 S15 <.01
Groups 1 86 1.17 282 .01
Phase x Stimulus 1.75 150.91 0.46 .605 <.01
Phase x Groups 1.69 14533  0.01 978 <.01
Stimulus x Groups 1 86 0.16 .691 <.01
Phase x Stimulus x Groups 1.75 150.91 0.87 407 .01
SysBP ext 1 86 0.03 .863 <.01
Phase x SysBP ext 1.69 14533  2.33 .109 .03
Stimulus x SysBP ext 1 86 0.40 531 <.01
Phase x Stimulus x SysBPext  1.75 150.91 1.63 202 .02

Note: * p <.050, ** p <.010, *** p <001
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Threat conditioning results — fear & US-expectancy ratings

Suppl. Table 27. ANCOVA for fear & US-expectancy ratings with mean SysBP of extinction as
covariate of Study 2.

Results of analyses for fear & US-expectancy ratings with mean cortisol level of pre and post meas-
urements of re-extinction as covariate separately for memory recall and re-extinction analyses of
Study 2.

Fear ratings Dfwum Dfen F-value p-Value part.n?
Phase 1.73 14842 040 .644 <.01
Stimulus 1 86 0.13 718 <.01
Groups 1 86 0.37 546 <.01
Phase x Stimulus 1.58 13570  1.14 314 .01
Phase x Groups 1.73 14842 047 .599 <.01
Stimulus x Groups 1 86 2.06 154 .02
Phase x Stimulus x Groups 1.58 135.70  3.73 .036 .04 *
SysBP ext 1 86 0.05 .825 <.01
Phase x SysBP ext 1.73 148.42  0.80 435 <.01
Stimulus x SysBP ext 1 86 1.88 174 .02
Phase x Stimulus x SysBP ext  1.58 135.70  0.01 979 <.01
US-expectancy ratings Dfoum Dfgen F-value p-Value part. n?
Phase 1 86 10.87 .001 A1
Stimulus 1 86 3.34 071 .04
Groups 1 86 0.15 .697 <.01
Phase x Stimulus 1 86 2.35 129 .03
Phase x Groups 1 86 1.25 267 .01
Stimulus x Groups 1 86 0.02 .881 <.01
Phase x Stimulus x Groups 1 86 1.13 292 .01
SysBP ext 1 86 0.03 .858 <.01
Phase x SysBP ext 1 86 0.62 433 <.01
Stimulus x SysBP ext 1 86 0.24 .624 <.01
Phase x Stimulus x SysBP ext 1 86 0.53 469 <.01
Note: * p <.050, ** p < .010, *** p < 001
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Threat conditioning results — startle response & SCR

Suppl. Table 28. ANCOVA for startle response & SCR with mean SysBP of extinction as covariate
of Study 2.

Results of analyses for startle response & SCR with mean cortisol level of pre and post measure-
ments of re-extinction as covariate separately for memory recall and re-extinction analyses of Study
2.

Startle response Dfoum Dfgen F-value  p-Value part. n?
Phase 1 86 0.22 .643 <.01
Stimulus 1 86 223 139 .03
Groups 1 86 1.28 262 .01
Phase x Stimulus 1 86 0.97 327 .01
Phase x Groups 1 86 0.48 492 <.01
Stimulus x Groups 1 86 2.74 101 .03
Phase x Stimulus x Groups 1 86 0.59 444 <.01
SysBP ext 1 86 0.01 932 <.01
Phase x SysBP ext 1 86 0.31 .580 <.01
Stimulus x SysBP ext 1 86 1.61 208 .02
Phase x Stimulus x SysBP ext 1 86 0.12 726 <.01
SCR Dfoum Dfgen F-value  p-Value  part.n?
Phase 1 79 0.86 357 .01
Stimulus 1 79 0.35 553 <.01
Groups 1 79 1.96 165 .02
Phase x Stimulus 1 79 0.62 433 <.01
Phase x Groups 1 79 1.48 227 .02
Stimulus x Groups 1 79 0.73 396 <.01
Phase x Stimulus x Groups 1 79 1.49 226 .02
SysBP ext 1 79 0.46 .501 <.01
Phase x SysBP ext 1 79 2.56 114 .03
Stimulus x SysBP ext 1 79 0.00 982 <.01
Phase x Stimulus x SysBP ext 1 79 0.50 481 <.01
Note: * p <.050, ** p < .010, *** p < 001
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7.1.6 ANCOVAs with mean pulse value as covariate of Study 2

During the threat conditioning paradigm, group differences occurred for pulse values,
evident in significant main effects of groups for threat acquisition (F(1, 87) = 6.35, p = .014,
77;% = .07), extinction learning (F(1, 87) = 7.55, p = .007, n;; = .08), re-extinction(#(1, 59) =
4.49, p =.038, rhz, =.07). For all learning phases, the stress groups displayed lower pulse values
in comparison to the sham group. Therefore, the mean pulse values over all measurement points
for each learning phase was added as covariate into the respective analyses of threat acquisition,
extinction learning, memory recall, and re-extinction for all threat conditioning measures (i.e.
ratings, startle response, SCR). As the covariate did not interact with the factor stimulus or
group for any analyses, it was not further included into initial analyses. ANCOVA results are

listed below.
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Threat conditioning results — valence ratings

Suppl. Table 29. ANCOVAs for valence ratings with mean pulse value as covariate of Study 2.
Results of analyses for valence ratings with mean pulse value over all measurement points for each
learning phase as covariate separately for each experimental day (i.e., threat acquisition, extinction
learning, memory recall, re-extinction) of Study 2.

Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Phase 1 86 0.86 357 <.01
Stimulus 1 86 1.34 250 .02
Groups 1 86 1.27 264 .01
Phase x Stimulus 1 86 0.47 493 <.01
Phase x Groups 1 86 0.25 .616 <.01
Stimulus x Groups 1 86 0.04 .849 <.01
Phase x Stimulus x Groups 1 86 0.79 377 <.01
Pulse 1 86 0.06 .806 <.01
Phase x Pulse 1 86 0.04 .837 <.01
Stimulus x Pulse 1 86 0.08 783 <.01
Phase x Stimulus x Pulse 1 86 0.06 813 <.01
Extinction learning

Phase 1.58 136.26 0.85 405 <.01
Stimulus 1 86 0.42 518 <.01
Groups 1 86 0.01 .939 <.01
Phase x Stimulus 1.69 145.31 0.21 773 <.01
Phase x Groups 1.58 136.26 2.94 .068 .03
Stimulus x Groups 1 86 0.02 .897 <.01
Phase x Stimulus x Groups  1.69 145.31 0.67 488 <.01
Pulse 1 86 0.21 .646 <.01
Phase x Pulse 1.58 136.26 0.74 451 <.01
Stimulus x Pulse 1 86 0.03 .873 <.01
Phase x Stimulus x Pulse 1.69 145.31 1.13 318 .01
Memory recall

Phase 1 58 1.48 229 .02
Stimulus 1 58 1.81 .184 .03
Groups 1 58 0.26 .613 <.01
Phase x Stimulus 1 58 1.80 185 .03
Phase x Groups 1 58 0.09 .760 <.01
Stimulus x Groups 1 58 0.03 .863 <.01
Phase x Stimulus x Groups 1 58 2.01 162 .03
Pulse 1 58 0.91 343 .02
Phase x Pulse 1 58 1.13 292 .02
Stimulus x Pulse 1 58 0.34 .563 <.01
Phase x Stimulus x Pulse 1 58 0.75 .390 .01
Re-extinction

Phase 1 58 0.00 .984 <.01
Stimulus 1 58 3.64 .061 .06
Groups 1 58 0.05 .820 <.01
Phase x Stimulus 1 58 0.36 552 <.01
Phase x Groups 1 58 0.72 .399 .01
Stimulus x Groups 1 58 0.83 367 .01
Phase x Stimulus x Groups 1 58 0.15 .699 <.01
Pulse 1 58 0.05 821 <.01
Phase x Pulse 1 58 0.01 904 <.01
Stimulus x Pulse 1 58 1.10 298 .02
Phase x Stimulus x Pulse 1 58 0.04 .833 <.01

Note: * p <050, ** p <.010, *** p < 001
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Threat conditioning results — arousal ratings

Suppl. Table 30. ANCOVAs for arousal ratings with mean pulse value as covariate of Study 2.
Results of analyses for arousal ratings with mean pulse value over all measurement points for each
learning phase as covariate separately for each experimental day (i.e., threat acquisition, extinction
learning, memory recall, re-extinction) of Study 2.

Threat acquisition Dfoum Dfaen F-value p-Value part. n?
Phase 1 86 2.63 .109 .03
Stimulus 1 86 5.50 .021 .06 *
Groups 1 86 1.77 187 .02
Phase x Stimulus 1 86 0.00 974 <.01
Phase x Groups 1 86 1.04 311 .01
Stimulus x Groups 1 86 0.08 174 <.01
Phase x Stimulus x Groups 1 86 0.12 730 <.01
Pulse 1 86 0.06 799 <.01
Phase x Pulse 1 86 0.27 .602 <.01
Stimulus x Pulse 1 86 1.71 195 .02
Phase x Stimulus x Pulse 1 86 0.47 493 <.01
Extinction learning

Phase 1.69 145.33 1.94 154 .02
Stimulus 1 86 0.43 515 <.01
Groups 1 86 1.17 282 .01
Phase x Stimulus 1.75 150.91 0.46 .605 <.01
Phase x Groups 1.69 145.33 0.01 978 <.01
Stimulus x Groups 1 86 0.16 .691 <.01
Phase x Stimulus x Groups 1.75 150.91 0.87 407 .01
Pulse 1 86 0.03 .863 <.01
Phase x Pulse 1.69 145.33 2.33 .109 .03
Stimulus x Pulse 1 86 0.40 531 <.01
Phase x Stimulus x Pulse 1.75 150.91 1.63 202 .02
Memory recall

Phase 1 58 0.49 488 <.01
Stimulus 1 58 0.70 408 .01
Groups 1 58 0.08 772 <.01
Phase x Stimulus 1 58 0.45 .503 <.01
Phase x Groups 1 58 0.68 413 .01
Stimulus x Groups 1 58 2.44 124 .04
Phase x Stimulus x Groups 1 58 0.30 .587 <.01
Pulse 1 58 0.60 443 .01
Phase x Pulse 1 58 0.53 470 <.01
Stimulus x Pulse 1 58 0.07 793 <.01
Phase x Stimulus x Pulse 1 58 0.08 73 <.01
Re-extinction

Phase 1 58 0.61 438 .01
Stimulus 1 58 1.58 214 .03
Groups 1 58 0.01 935 <.01
Phase x Stimulus 1 58 0.00 973 <.01
Phase x Groups 1 58 0.13 719 <.01
Stimulus x Groups 1 58 0.24 .628 <.01
Phase x Stimulus x Groups 1 58 0.93 .340 .02
Pulse 1 58 0.46 499 <.01
Phase x Pulse 1 58 0.32 573 <.01
Stimulus x Pulse 1 58 0.35 .555 <.01
Phase x Stimulus x Pulse 1 58 0.07 795 <.01

Note: * p <050, ** p <.010, *** p < 001
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Threat conditioning results — fear ratings

Suppl. Table 31. ANCOVAs for fear ratings with mean pulse value as covariate of Study 2.
Results of analyses for fear ratings with mean pulse value over all measurement points for each
learning phase as covariate separately for each experimental day (i.e., threat acquisition, extinction
learning, memory recall, re-extinction) of Study 2.

Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Phase 1 86 9.00 .004 .09 **
Stimulus 1 86 6.94 .010 .07 *
Groups 1 86 2.37 127 .03
Phase x Stimulus 1 86 1.71 195 .02
Phase x Groups 1 86 0.07 793 <.01
Stimulus x Groups 1 86 0.23 .632 <.01
Phase x Stimulus x Groups 1 86 0.03 .859 <.01
Pulse 1 86 0.12 127 <.01
Phase x Pulse 1 86 1.20 276 .01
Stimulus x Pulse 1 86 2.87 .094 .03
Phase x Stimulus x Pulse 1 86 0.17 .683 <.01
Extinction learning

Phase 1.73 148.42 0.40 .644 <.01
Stimulus 1 86 0.13 718 <.01
Groups 1 86 0.37 .546 <.01
Phase x Stimulus 1.58 135.70 1.14 314 .01
Phase x Groups 1.73 148.42 0.47 .599 <.01
Stimulus x Groups 1 86 2.06 154 .02
Phase x Stimulus x Groups 1.58 135.70 3.73 .036 .04 *
Pulse 1 86 0.05 .825 <.01
Phase x Pulse 1.73 148.42 0.80 435 <.01
Stimulus x Pulse 1 86 1.88 174 .02
Phase x Stimulus x Pulse 1.58 135.70 0.01 979 <.01
Memory recall

Phase 1 58 1.76 .190 .03
Stimulus 1 58 0.12 730 <.01
Groups 1 58 0.02 .890 <.01
Phase x Stimulus 1 58 0.67 416 .01
Phase x Groups 1 58 1.23 272 .02
Stimulus x Groups 1 58 2.31 134 .04
Phase x Stimulus x Groups 1 58 1.37 246 .02
Pulse 1 58 0.42 .520 <.01
Phase x Pulse 1 58 1.98 165 .03
Stimulus x Pulse 1 58 0.04 .848 <.01
Phase x Stimulus x Pulse 1 58 0.16 .688 <.01
Re-extinction

Phase 1 58 0.67 416 .01
Stimulus 1 58 2.22 141 .04
Groups 1 58 0.07 791 <.01
Phase x Stimulus 1 58 0.99 325 .02
Phase x Groups 1 58 1.02 317 .02
Stimulus x Groups 1 58 0.35 554 <.01
Phase x Stimulus x Groups 1 58 0.00 999 <.01
Pulse 1 58 1.22 274 .02
Phase x Pulse 1 58 0.32 571 <.01
Stimulus x Pulse 1 58 0.55 462 <.01
Phase x Stimulus x Pulse 1 58 1.02 317 .02

Note: * p <050, ** p <.010, *** p < 001
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Threat conditioning results — US-expectancy ratings

Suppl. Table 32. ANCOVAs for US-expectancy ratings with mean pulse value as covariate of Study
2.

Results of analyses for US-expectancy ratings with mean pulse value over all measurement points
for each learning phase as covariate separately for each experimental day (i.e., threat acquisition,
extinction learning, memory recall, re-extinction) of Study 2.

Threat acquisition Dfyum Dfen F-value p-Value part.n?
Stimulus 1 86 5.96 .017 .06 *
Groups 1 86 0.01 938 <.01
Stimulus x Groups 1 86 0.02 879 <.01
Pulse 1 86 0.83 .365 <.01
Stimulus x Pulse 1 86 0.36 552 <.01
Extinction learning

Phase 1 86 10.87 .001 A1 x*
Stimulus 1 86 3.34 .071 .04
Groups 1 86 0.15 .697 <.01
Phase x Stimulus 1 86 2.35 129 .03
Phase x Groups 1 86 1.25 267 .01
Stimulus x Groups 1 86 0.02 .881 <.01
Phase x Stimulus x Groups 1 86 1.13 292 .01
Pulse 1 86 0.03 .858 <.01
Phase x Pulse 1 86 0.62 433 <.01
Stimulus x Pulse 1 86 0.24 .624 <.01
Phase x Stimulus x Pulse 1 86 0.53 469 <.01
Memory recall

Phase 1 58 3.25 077 .05
Stimulus 1 58 0.31 .580 <.01
Groups 1 58 0.87 356 .01
Phase x Stimulus 1 58 0.36 .553 <.01
Phase x Groups 1 58 0.25 .616 <.01
Stimulus x Groups 1 58 1.61 210 .03
Phase x Stimulus x Groups 1 58 0.78 .379 .01
Pulse 1 58 0.29 .594 <.01
Phase x Pulse 1 58 0.38 .540 <.01
Stimulus x Pulse 1 58 0.60 443 .01
Phase x Stimulus x Pulse 1 58 0.63 431 .01
Re-extinction

Phase 1 58 4.35 .042 07 *
Stimulus 1 58 1.4 242 .02
Groups 1 58 1.78 .188 .03
Phase x Stimulus 1 58 0.00 980 <.01
Phase x Groups 1 58 0.03 .864 <.01
Stimulus x Groups 1 58 0.80 375 .01
Phase x Stimulus x Groups 1 58 1.69 .198 .03
Pulse 1 58 0.01 927 <.01
Phase x Pulse 1 58 0.03 .860 <.01
Stimulus x Pulse 1 58 0.16 .691 <.01
Phase x Stimulus x Pulse 1 58 1.35 250 .02

Note: * p < .050, ** p < .010, *** p < .001
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Threat conditioning results — startle response

Suppl. Table 33. ANCOVAs for startle response with mean pulse value as covariate of Study 2.
Results of analyses for startle response with mean pulse value over all measurement points for
each learning phase as covariate separately for each experimental day (i.e., threat acquisition, ex-
tinction learning, memory recall, re-extinction) of Study 2.

Threat acquisition Dfwum Dfen F-value  p-Value part.n?
Stimulus 1 86 0.67 414 <.01
Groups 1 86 1.68 .198 .02
Stimulus x Groups 1 86 0.00 .966 <.01
Pulse 1 86 4.52 .036 .05 *
Stimulus x Pulse 1 86 0.13 720 <.01
Extinction learning

Phase 1 86 0.22 .643 <.01
Stimulus 1 86 2.23 139 .03
Groups 1 86 1.28 262 .01
Phase x Stimulus 1 86 0.97 327 .01
Phase x Groups 1 86 0.48 492 <.01
Stimulus x Groups 1 86 2.74 101 .03
Phase x Stimulus x Groups 1 86 0.59 444 <.01
Pulse 1 86 0.01 932 <.01
Phase x Pulse 1 86 0.31 .580 <.01
Stimulus x Pulse 1 86 1.61 208 .02
Phase x Stimulus x Pulse 1 86 0.12 726 <.01
Memory recall

Phase 1 58 1.60 211 .03
Stimulus 1 58 1.82 183 .03
Groups 1 58 0.12 732 <.01
Phase x Stimulus 1 58 0.89 .349 .02
Phase x Groups 1 58 0.03 .852 <.01
Stimulus x Groups 1 58 0.40 527 <.01
Phase x Stimulus x Groups 1 58 2.98 .090 .05
Pulse 1 58 1.19 279 .02
Phase x Pulse 1 58 0.89 .348 .02
Stimulus x Pulse 1 58 1.09 .301 .02
Phase x Stimulus x Pulse 1 58 2.25 139 .04
Re-extinction

Stimulus 1 58 0.01 .903 <.01
Groups 1 58 0.91 343 .02
Stimulus x Groups 1 58 0.73 397 .01
Pulse 1 58 1.87 177 .03
Stimulus x Pulse 1 58 0.15 .696 <.01
Note: * p <.050, ** p < .010, *** p < 001
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Threat conditioning results — SCR

Suppl. Table 34. ANCOVAs for SCR with mean pulse value as covariate of Study 2.

Results of analyses for SCR with mean pulse value over all measurement points for each learning
phase as covariate separately for each experimental day (i.e., threat acquisition, extinction learning,
memory recall, re-extinction) of Study 2.

Threat acquisition Dfyum Dfen F-value  p-Value part. n?
Stimulus 1 79 0.93 338 .01
Groups 1 79 0.81 .369 .01
Stimulus x Groups 1 79 0.12 733 <.01
Pulse 1 79 0.06 813 <.01
Stimulus x Pulse 1 79 0.03 .865 <.01
Extinction learning

Phase 1 79 0.86 357 .01
Stimulus 1 79 0.35 553 <.01
Groups 1 79 1.96 165 .02
Phase x Stimulus 1 79 0.62 433 <.01
Phase x Groups 1 79 1.48 227 .02
Stimulus x Groups 1 79 0.73 .396 <.01
Phase x Stimulus x Groups 1 79 1.49 226 .02
Pulse 1 79 0.46 501 <.01
Phase x Pulse 1 79 2.56 114 .03
Stimulus x Pulse 1 79 0.00 982 <.01
Phase x Stimulus x Pulse 1 79 0.50 481 <.01
Memory recall

Phase 1 55 3.46 .068 .06
Stimulus 1 55 0.50 481 <.01
Groups 1 55 1.25 .269 .02
Phase x Stimulus 1 55 3.70 .060 .06
Phase x Groups 1 55 0.51 478 <.01
Stimulus x Groups 1 55 0.49 486 <.01
Phase x Stimulus x Groups 1 55 0.70 406 .01
Pulse 1 55 0.01 942 <.01
Phase x Pulse 1 55 4.42 .040 .07 *
Stimulus x Pulse 1 55 0.40 .530 <.01
Phase x Stimulus x Pulse 1 55 3.29 .075 .06
Re-extinction

Stimulus 1 55 0.81 373 .01
Groups 1 55 1.91 172 .03
Stimulus x Groups 1 55 3.48 .068 .06
Pulse 1 55 0.51 480 <.01
Stimulus x Pulse 1 55 0.87 355 .02
Note: * p <.050, ** p <010, *** p < 001
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7.1.7 Analyses of recent recall subgroup of Study 2

Due to the corona pandemic, participant recruitment was shut down at the University of
Wuerzburg before completion of data collection of Study 2. The sample sizes per group were
the following: recent stress: n = 28; recent sham n = 9; remote stress: n = 36; remote sham: 35.
Because of the different sample sizes of the groups, only the remote stress and sham group are
considered for all analyses of Study 2. The recent recall groups were only added to the analyses
of stress manipulation, threat acquisition, and extinction learning, as the groups so far did not
differ from the remote recall groups. In this section, the exploratory results exclusively for the
recent recall groups are reported for stress manipulation and trajectory analyses as well as threat
conditioning analyses (i.e., threat acquisition, extinction learning, memory recall, and re-ex-
tinction). Listed are the ANOVA results for each dependent variable for all phases and subse-

quently the post-hoc simple contrasts for occurring interactions.
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Manipulation check — cortisol level

Suppl. Table 35. ANOVAs for cortisol level of the recent recall subgroup of Study 2.

Results of analyses for cortisol level separately for each experimental day (i.e., stress day, threat
acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-extinction on
Day 4) of Study 2.

Stress day Dfoum Dfen F-value p-Value part. n?
Phase 1 16 5.22 .036 25 %
Stimulus 1 16 7.17 016 31*
Groups 1 16 26.9 <.001 .63 FH*
Threat acquisition

Phase 1 16 0.00 950 <.01
Stimulus 1 16 0.23 .640 .01
Groups 1 16 6.12 .025 28 *
Extinction learning

Phase 1 16 6.36 .023 28 *
Stimulus 1 16 3.27 .089 17
Groups 1 16 2.04 173 A1
Re-extinction

Phase 1 16 1.39 256 .08
Stimulus 1 16 0.04 .852 <.01
Groups 1 16 0.25 .622 .02

Note: * p < .050, ** p <.010, *** p < 001

Suppl. Table 36. Post-hoc contrasts for cortisol level of the recent recall subgroup of Study 2.
Results of post-hoc simple contrasts of cortisol level for the recent recall subgroup (i.e., re-extinction
on Day 4) of Study 2 separately for the respective experimental day when necessary.

Stress day Dfoum Dfden F-value  p-Value  part.n?
Stress t1 vs. t2 1 16 2791 <.001 .64 Fx*
Sham t1 vs. t2 1 16 4.21 .057 21
Stress vs. sham tl 1 16 0.07 .793 <.01
Stress vs. sham t2 1 16 27.76 <.001 .63 F¥*
Threat acquisition

Stress t3 vs. t4 1 16 2.90 .108 .15
Sham t3 vs. t4 1 16 322 .092 17
Stress vs. sham t3 1 16 0.57 460 .03
Stress vs. sham t4 1 16 6.23 .024 28

Note: Bonferroni-corrected * p <.050, ** p <.010, *** p <.001
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Manipulation check — systolic blood pressure

Suppl. Table 38. ANOVAs for systolic blood pressure of the recent recall subgroup of Study 2.
Results of analyses for systolic blood pressure separately for each experimental day (i.e., stress
day, threat acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-ex-
tinction on Day 4) of Study 2.

Stress day Dfoum Dfden F-value  p-Value  part.n?
Phase 1.84 29.45 3.53 .046 18 *
Stimulus 1 16 0.22 .649 .01
Groups 1.84 29.45 10.42 <.001 .39 ek
Threat acquisition

Phase 1 16 2.44 138 13
Stimulus 1 16 0.85 369 .05
Groups 1 16 0.23 .641 .01
Extinction learning

Phase 1 16 3.53 .079 18
Stimulus 1 16 1.00 331 .06
Groups 1 16 1.61 223 .09
Re-extinction

Phase 1 16 2.23 155 A2
Stimulus 1 16 0.31 .586 .02
Groups 1 16 0.48 498 .03

Note: * p <050, ** p < .010, *** p < .001

Suppl. Table 37. Post-hoc contrasts for systolic blood pressure of the recent recall subgroup of
Study 2.

Results of post-hoc simple contrasts of systolic blood pressure for the recent recall subgroup (i.e.,
re-extinction on Day 4) of Study 2 separately for the respective experimental day when necessary.

Stress day Dfoum Dfden F-value  p-Value  part.n’
Stress t1 vs. during stress 1 16 7.94 .012 .33
Stress during stress vs. t4 1 16 25.98 <.001 .62 FA*
Stress t1 vs. t4 1 16 3.66 .074 .19
Sham tl vs. during stress 1 16 2.40 141 13
Sham during stress vs. t4 1 16 1.49 241 .09
Sham t1 vs. t4 1 16 0.43 520 .03
Stress vs. sham t1 1 16 1.27 276 .07
Stress vs. sham dur. stress 1 16 4.92 .041 24
Stress vs. sham t4 1 16 5.05 .039 24

Note: Bonferroni-corrected * p < .050, ** p <.010, *** p <.001
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Manipulation check — diastolic blood pressure

Suppl. Table 40. ANOVASs for diastolic blood pressure of the recent recall subgroup of Study 2.
Results of analyses for diastolic blood pressure separately for each experimental day (i.e., stress
day, threat acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-ex-
tinction on Day 4) of Study 2.

Stress day Dfoum Dfden F-value  p-Value  part.n’
Phase 1.20 19.20 5.50 .025 26 *
Stimulus 1 16 0.02 .884 <.01
Groups 1.20 19.20 7.05 .012 31*
Threat acquisition

Phase 1 16 2.04 172 A1
Stimulus 1 16 1.31 270 .08
Groups 1 16 1.43 249 .08
Extinction learning

Phase 1 16 6.12 .025 28 *
Stimulus 1 16 0.50 489 .03
Groups 1 16 4.66 .046 23 %
Re-extinction

Phase 1 16 0.42 524 .03
Stimulus 1 16 0.25 .622 .02
Groups 1 16 0.42 .524 .03

Note: * p <050, ** p < .010, *** p < .001

Suppl. Table 39. Post-hoc contrasts for diastolic blood pressure of the recent recall subgroup of
Study 2.

Results of post-hoc simple contrasts of diastolic blood pressure for the recent recall subgroup (i.e.,
re-extinction on Day 4) of Study 2 separately for the respective experimental day when necessary.

Stress day Dfoum Dfen F-value  p-Value part. n?
Stress t1 vs. during stress 1 16 9.87 .006 .38
Stress during stress vs. t4 1 16 65.64 <.001 .80 *H*
Stress t1 vs. t4 1 16 0.01 937 <.01
Sham t1 vs. during stress 1 16 2.54 131 .14
Sham during stress vs. t4 1 16 5.18 .037 25
Sham t1 vs. t4 1 16 5.10 .038 24
Stress vs. sham t1 1 16 3.51 .080 18
Stress vs. sham dur. stress 1 16 13.19 .002 45 *
Stress vs. sham t4 1 16 0.01 938 <.01
Extinction learning

Stress t7 vs. t8 1 16 0.05 .826 <.01
Sham t7 vs. t8 1 16 10.73 .005 40 *
Stress vs. sham t7 1 16 0.00 950 <.01
Stress vs. sham t8 1 16 1.52 235 .09

Note: Bonferroni-corrected * p < .050, ** p <.010, *** p <.001
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Manipulation check — pulse

Suppl. Table 41. ANOVASs for pulse of the recent recall subgroup of Study 2.

Results of analyses for pulse separately for each experimental day (i.e., stress day, threat acquisi-
tion, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-extinction on Day 4) of
Study 2.

Stress day Dfoum Dfden F-value  p-Value  part.n’
Phase 1.11 17.80 0.56 482 .03
Stimulus 1 16 0.10 7152 <.01
Groups 1.11 17.80 0.94 356 .06
Threat acquisition

Phase 1 16 1.80 .199 .10
Stimulus 1 16 3.26 .090 17
Groups 1 16 0.18 .675 .01
Extinction learning

Phase 1 16 1.61 223 .09
Stimulus 1 16 1.06 319 .06
Groups 1 16 0.58 457 .03
Re-extinction

Phase 1 16 5.88 .028 27 *
Stimulus 1 16 0.02 .891 <.01
Groups 1 16 0.80 .385 .05

Note: * p <050, ** p < .010, *** p < 001

Manipulation check —stress ratings

Suppl. Table 42. ANOVAs for stress ratings of the recent recall subgroup of Study 2.

Results of analyses for stress ratings (i.e., unpleasantness, stressfulness, painfulness) separately
for each experimental day (i.e., stress day, threat acquisition, extinction learning, re-extinction) for
the recent recall subgroup (i.e., re-extinction on Day 4) of Study 2.

Unpleasantness Dfyum Dfen F-value  p-Value part. n’
Groups 1 16 249.52 <.001 .94 Fx*
Stressfulness

Groups 1 16 96.73 <.001 .86 FHE
Painfulness

Groups 1 16 216.53 <.001 .93 Hxk

Note: * p < .050, ** p <.010, *** p < 001
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Threat conditioning results — valence ratings

Suppl. Table 43. ANOVASs for valence ratings of the recent recall subgroup of Study 2.

Results of analyses for valence ratings separately for each experimental day (i.e., stress day, threat
acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-extinction on
Day 4) of Study 2.

Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Phase 1 16 23.05 <.001 .59 Fx*
Stimulus 1 16 2.84 A11 15
Groups 1 16 2.54 131 .14
Phase x Stimulus 1 16 12.51 .003 44 **
Phase x Groups 1 16 4.76 .044 23 *
Stimulus x Groups 1 16 0.52 481 .03
Phase x Stimulus x Groups 1 16 10.84 .005 40 **
Extinction learning

Phase 1.69 26.96 2.11 147 A2
Stimulus 1 16 0.00 958 <.01
Groups 1 16 1.71 209 .10
Phase x Stimulus 1.96 31.31 3.84 .033 19 *
Phase x Groups 1.69 26.96 0.32 .689 .02
Stimulus x Groups 1 16 0.03 .874 <.01
Phase x Stimulus x Groups 1.96 31.31 0.03 .968 <.01
Memory recall

Phase 1 16 0.92 351 .05
Stimulus 1 16 0.40 538 .02
Groups 1 16 2.71 119 .14
Phase x Stimulus 1 16 17.08 <.001 52 HHE
Phase x Groups 1 16 0.10 753 <.01
Stimulus x Groups 1 16 0.04 .837 <.01
Phase x Stimulus x Groups 1 16 0.18 .675 .01
Re-extinction

Phase 1 16 0.59 453 .04
Stimulus 1 16 3.06 .099 .16
Groups 1 16 2.11 .166 12
Phase x Stimulus 1 16 4.42 052 22
Phase x Groups 1 16 0.59 453 .04
Stimulus x Groups 1 16 0.49 494 .03
Phase x Stimulus x Groups 1 16 2.68 121 .14

Note: * p < .050, ** p <.010, *** p < 001
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Suppl. Table 44. Post-hoc contrasts for valence ratings of the recent recall subgroup of Study 2.
Results of post-hoc simple contrasts of valence ratings for the recent recall subgroup (i.e., re-ex-
tinction on Day 4) of Study 2 separately for the respective experimental day when necessary.

Threat acquisition Dfoum Dfgen F-value  p-Value  part.n’
Overall CS+ vs. CS- pre 1 16 0.26 .618 .02
Overall CS+ vs. CS- post 1 16 12.69 .003 44 **
Stress CS+ vs. CS- pre 1 16 1.58 227 .09
Stress CS+ vs. CS- post 1 16 2.60 126 .14
Sham CS+ vs. CS- pre 1 16 3.90 .066 .20
Sham CS+ vs. CS- post 1 16 11.74 .003 42 **
Extinction learning

Overall CS+ vs. CS- pre 1 16 1.60 223 .09
Overall CS+ vs. CS- block1 1 16 0.36 .559 .02
Overall CS+ vs. CS- post 1 16 1.52 235 .09
Memory recall

Overall CS+ vs. CS- ext post 1 16 1.52 235 .09
Overall CS+ vs. CS- re-ext pre 1 16 5.89 .027 27

Note: Bonferroni-corrected * p <.050, ** p <.010, *** p <.001
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Threat conditioning results — arousal ratings

Suppl. Table 45. ANOVASs for arousal ratings of the recent recall subgroup of Study 2.

Results of analyses for arousal ratings separately for each experimental day (i.e., stress day, threat
acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-extinction on
Day 4) of Study 2.

Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Phase 1 16 6.80 .019 30 *
Stimulus 1 16 3.51 .079 18
Groups 1 16 1.25 280 .07
Phase x Stimulus 1 16 1.48 241 .08
Phase x Groups 1 16 0.15 701 <.01
Stimulus x Groups 1 16 0.16 .693 <.01
Phase x Stimulus x Groups 1 16 0.02 .881 <.01
Extinction learning

Phase 1.25 20.02 0.58 492 .04
Stimulus 1 16 11.42 .004 42 **
Groups 1 16 1.47 243 .08
Phase x Stimulus 1.97 31.47 3.59 .040 18 *
Phase x Groups 1.25 20.02 0.66 459 .04
Stimulus x Groups 1 16 0.28 .605 .02
Phase x Stimulus x Groups 1.97 31.47 0.44 .643 .03
Memory recall

Phase 1 16 0.68 423 .04
Stimulus 1 16 3.78 .070 .19
Groups 1 16 2.19 158 A2
Phase x Stimulus 1 16 1.23 284 .07
Phase x Groups 1 16 0.11 747 <.01
Stimulus x Groups 1 16 0.17 .683 .01
Phase x Stimulus x Groups 1 16 0.08 785 <.01
Re-extinction

Phase 1 16 0.00 > .999 <.01
Stimulus 1 16 2.81 113 15
Groups 1 16 1.59 225 .09
Phase x Stimulus 1 16 2.35 145 13
Phase x Groups 1 16 0.03 872 <.01
Stimulus x Groups 1 16 0.18 681 .01
Phase x Stimulus x Groups 1 16 1.63 220 .09

Note: * p <050, ** p < 010, *** p < 001
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Suppl. Table 46. Post-hoc contrasts for arousal ratings of the recent recall subgroup of Study 2.
Results of post-hoc simple contrasts of arousal ratings for the recent recall subgroup (i.e., re-ex-
tinction on Day 4) of Study 2 separately for the respective experimental day when necessary.

Extinction learning Dfoum Dfgen F-value  p-Value  part. n?
Overall CS+ vs. CS- pre 1 16 13,74 .002 46 **
Overall CS+ vs. CS- block1 1 16 6,35 .023 28
Overall CS+ vs. CS- post 1 16 2,25 153 12

Note: Bonferroni-corrected * p < .050, ** p <.010, *** p <.001
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Threat conditioning results — fear ratings

Suppl. Table 47. ANOVASs for fear ratings of the recent recall subgroup of Study 2.

Results of analyses for fear ratings separately for each experimental day (i.e., stress day, threat
acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-extinction on
Day 4) of Study 2.

Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Phase 1 16 37.93 <.001 70 FxE
Stimulus 1 16 3.14 .095 16
Groups 1 16 1.79 .200 10
Phase x Stimulus 1 16 6.14 .025 28 *
Phase x Groups 1 16 0.01 .934 <.01
Stimulus x Groups 1 16 0.85 370 .05
Phase x Stimulus x Groups 1 16 0.07 .801 <.01
Extinction learning

Phase 1.69 27.00 0.11 .862 <.01
Stimulus 1 16 0.30 .589 .02
Groups 1 16 0.16 .692 .01
Phase x Stimulus 1.53 24.47 3.70 .050 19 *
Phase x Groups 1.69 27.00 0.02 972 <.01
Stimulus x Groups 1 16 1.05 320 .06
Phase x Stimulus x Groups 1.53 24.47 0.04 932 <.01
Memory recall

Phase 1 16 0.03 .874 <.01
Stimulus 1 16 0.22 .647 .01
Groups 1 16 0.55 469 .03
Phase x Stimulus 1 16 2.45 137 13
Phase x Groups 1 16 0.23 .636 .01
Stimulus x Groups 1 16 0.49 493 .03
Phase x Stimulus x Groups 1 16 0.15 701 <.01
Re-extinction

Phase 1 16 0.01 927 <.01
Stimulus 1 16 1.65 217 .09
Groups 1 16 0.62 441 .04
Phase x Stimulus 1 16 0.31 583 .02
Phase x Groups 1 16 0.08 783 <.01
Stimulus x Groups 1 16 1.03 326 .06
Phase x Stimulus x Groups 1 16 0.61 445 .04

Note: * p <.050, ** p <.010, *** p < 001
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Suppl. Table 48. Post-hoc contrasts for fear ratings of the recent recall subgroup of Study 2.
Results of post-hoc simple contrasts of fear ratings for the recent recall subgroup (i.e., re-extinction
on Day 4) of Study 2 separately for the respective experimental day when necessary.

Threat acquisition Dfoum Dfgen F-value  p-Value  part.n’
Overall CS+ vs. CS- pre 1 16 0.07 797 < .01
Overall CS+ vs. CS- post 1 16 6.67 .020 .29
Extinction learning

Overall CS+ vs. CS- pre 1 16 2.39 142 13
Overall CS+ vs. CS- block1 1 16 0.00 > 999 < .01
Overall CS+ vs. CS- post 1 16 0.17 .685 .01

Note: Bonferroni-corrected * p <.050, ** p <.010, *** p <.001



7. Annex

236

Threat conditioning results — US-expectancy ratings

Suppl. Table 49. ANOVAs for US-expectancy ratings of the recent recall subgroup of Study 2.
Results of analyses for US-expectancy ratings separately for each experimental day (i.e., stress
day, threat acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-ex-

tinction on Day 4) of Study 2.

Threat acquisition Dfoum Dfgen F-value p-Value part. n?
Stimulus 1 16 44.53 <.001 74 FEE
Groups 1 16 1.07 317 .06
Stimulus x Groups 1 16 0.03 873 < .01
Extinction learning

Phase 1 16 80.82 <.001 L83 FE
Stimulus 1 16 68.44 <.001 B HE
Groups 1 16 0.00 968 .01
Phase x Stimulus 1 16 62.04 <.001 79 HHE
Phase x Groups 1 16 1.28 274 .07
Stimulus x Groups 1 16 0.21 .656 .01
Phase x Stimulus x Groups 1 16 2.37 .143 13
Memory recall

Phase 1 16 21.25 <.001 57 HEE
Stimulus 1 16 16.03 .001 50 **
Groups 1 16 0.26 .614 .02
Phase x Stimulus 1 16 13.43 .002 46 **
Phase x Groups 1 16 0.02 .881 .01
Stimulus x Groups 1 16 1.50 238 .09
Phase x Stimulus x Groups 1 16 0.06 .810 .01
Re-extinction

Phase 1 16 38.84 <.001 ST REE
Stimulus 1 16 12.40 .003 44 **
Groups 1 16 0.09 764 .01
Phase x Stimulus 1 16 16.64 <.001 ST wE
Phase x Groups 1 16 0.08 786 .01
Stimulus x Groups 1 16 1.04 324 .06
Phase x Stimulus x Groups 1 16 0.17 .683 .01

Note: * p <.050, ** p <.010, *** p < 001
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Suppl. Table 50. Post-hoc contrasts for US-expectancy ratings of the recent recall subgroup of
Study 2.

Results of post-hoc simple contrasts of US-expectancy ratings for the recent recall subgroup (i.e.,
re-extinction on Day 4) of Study 2 separately for the respective experimental day when necessary.

Extinction learning Dfyum Dfen F-value  p-Value  part. n?
Overall CS+ vs. CS- pre 1 16 68.88 <.001 8 ***
Overall CS+ vs. CS- post 1 16 0.62 444 .04

Memory recall

Overall CS+ vs. CS- ext post 1 16 0.62 444 .04
Overall CS+ vs. CS-re-extpre 1 16 15.37 .001 49 **
Re-extinction

Overall CS+ vs. CS- pre 1 16 15.37 .001 49 **
Overall CS+ vs. CS- post 1 16 0.40 .536 .02

Note: Bonferroni-corrected * p <.050, ** p <.010, *** p <.001
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Threat conditioning results — startle response

Suppl. Table 51. ANOVAs for startle response of the recent recall subgroup of Study 2.

Results of analyses for startle response separately for each experimental day (i.e., stress day, threat
acquisition, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-extinction on
Day 4) of Study 2.

Threat acquisition Dfyum Dfen F-value  p-Value part. n?
Stimulus 1 16 4.66 .046 23 %
Groups 1 16 0.01 935 <.01
Stimulus x Groups 1 16 0.11 749 <.01
Extinction learning

Phase 1 16 1.66 215 .09
Stimulus 1 16 0.00 971 <.01
Groups 1 16 2.73 118 15
Phase x Stimulus 1 16 0.24 .632 .01
Phase x Groups 1 16 1.34 264 .08
Stimulus x Groups 1 16 2.03 174 11
Phase x Stimulus x Groups 1 16 1.21 288 .07
Memory recall

Phase 1 15 1.55 232 .09
Stimulus 1 15 4.85 .044 24 *
Groups 1 15 0.19 .670 .01
Phase x Stimulus 1 15 0.00 974 <.01
Phase x Groups 1 15 5.18 .038 26 *
Stimulus x Groups 1 15 1.64 220 .10
Phase x Stimulus x Groups 1 15 0.01 924 <.01
Re-extinction

Stimulus 1 16 2.56 129 .14
Groups 1 16 0.00 .964 <.01
Stimulus x Groups 1 16 3.14 .095 .16

Note: * p <.050, ** p <.010, *** p < 001

Suppl. Table 52. Post-hoc contrasts for startle response of the recent recall subgroup of Study 2.
Results of post-hoc simple contrasts of startle response for the recent recall subgroup (i.e., re-
extinction on Day 4) of Study 2 separately for the respective experimental day when necessary.

Memory recall Dfyum Dfen F-value p-Value part.n?
Stress post ext vs. pre re-ext 1 15 0.56 464 .04
Sham post ext vs. pre re-ext 1 15 5.85 .029 28
Stress vs. sham post ext 1 15 6.17 .025 .29
Stress vs. sham pre re-ext 1 15 0.66 429 .04

Note: Bonferroni-corrected * p < .050, ** p <.010, *** p <.001
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Threat conditioning results — SCR

Suppl. Table 53. ANOVAs for SCR of the recent recall subgroup of Study 2.

Results of analyses for SCR separately for each experimental day (i.e., stress day, threat acquisi-
tion, extinction learning, re-extinction) for the recent recall subgroup (i.e., re-extinction on Day 4) of
Study 2.

Threat acquisition Dfoum Dfgen F-value  p-Value  part.n’
Stimulus 1 14 6.45 .024 32%
Groups 1 14 0.12 .730 <.01
Stimulus x Groups 1 14 0.00 979 <.01
Extinction learning

Phase 1 14 1.85 195 A2
Stimulus 1 14 0.03 .876 <.01
Groups 1 14 0.11 742 <.01
Phase x Stimulus 1 14 1.62 224 .10
Phase x Groups 1 14 0.72 411 .05
Stimulus x Groups 1 14 0.50 491 .03
Phase x Stimulus x Groups 1 14 0.03 .875 <.01
Memory recall

Phase 1 13 1.27 281 .09
Stimulus 1 13 0.04 .841 <.01
Groups 1 13 1.86 .196 13
Phase x Stimulus 1 13 0.38 547 .03
Phase x Groups 1 13 1.25 283 .09
Stimulus x Groups 1 13 0.21 657 .02
Phase x Stimulus x Groups 1 13 0.23 .640 .02
Re-extinction

Stimulus 1 14 2.19 161 14
Groups 1 14 3.55 .080 .20
Stimulus x Groups 1 14 0.00 .995 <.01

Note: * p < .050, ** p < 010, *** p < 001
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7.2 Study material

7.2.1 Material of both studies

Telephone interview

(&)

N

. Wie viele Zigaretten rauchen Sie tighch? Menge:

Teilnehmer-Code: Datum:

Telefonische Vorbefragung

. Wie viele Gliser Alkohol trinken Sie pro Woche? Menge:

Weniger als 15 Gliser Alkohol pro Woche: D ja D oein

Nicht mehr als 20 Zigaretten pro Tag: 0 ja Caein

. Konsumieren Sie illegale Drogen: o ja o nein

. Nehmen Sie regelmifig verschretbungspflichtize Medikaments ein?: 0ja Onein

Falls ja: Welche?
Eontramdilation: Zentral wirksame Medikamente, zB. Neuwroleptika, Antidepressiva,
Antiepileptilza, Opiate, Benzodiazepine

. Leiden Sie an einer psychischen Erdvantung (Angststérungen. Depression, Schizophrenie,

Alkohol-, Drogen-, Medikamentenabhingighkeit? o0ja o nein
Falls ja: Welche?

1solierte Phobien (z.B. Spinnen, Spritzen) auch ausschliefBen!

. Leiden Sie an einer neurologischen Erlrantmng? 0 ja O nein

Falls ja: Welche?
Eontraindilation: Erkrankungen mit Beteilipung des ZNS, z.B. Schlaganfall
Gehirmmblutungen, Epilepsie, Parkinson, MS, Tmnitus

. Leiden Sie an einer senstigen Erkranlung (Herz-Kreislauf, Blut, Lunge, Leber, Nieten,

Schilddriise, Augen, Hauot, Magen-Darmtrakt, Stoffwechsel);

WICHTIG: Extra nach Newrodermitis & Raynaudsche Erkvanlung fragen: 0ja 0 nein
Falls ja: Welche?

Eontramdilation: schwere Erkranlungen

Sind Sie farbenblind? o ja O nein

. Leiden Sie unter Horproblemen? oja O nein
10.

Haben Sie bereits an einer Studie teilgenommen. bei der Ihnen leichte elektrische
Stromweize gegeben wurden undloder bei der Thnen peometrische Figwren anf einem

Bildschirm prasentiert wurden? o ja o nein

Termin VR-Experiment:

Seite 1von 1
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Standardized protocol for determining the individual pain threshold

Untersuchung: Datum:

VP-Code.

Schmerzschwellenbestimmung - Intensitit

Seriel- Serig1- Sene2- Serie2 -
Ansteigen Absteigen Ansteigen Absteigen

8 mA

7.5 mA

T mA

6,5 mA

6 mA

5.5 mA

5 mA

4 5 mA

4 0mA

3.5 mA

I mA

2.5 mA

2 mA

1,5 mA

1 mA

0,5 mA

0 mA

Tag Stress Subjektive Rating der Intensitat:

Tag Stress, Mittelwert der Intensitit: (+ 50%)

Tag Akqg., Mittelwert der Intensitat:

Rating <4, + 0.5 mA)

Tag Akqg., Subjektive Rating der Intensitat:

(falls
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Questionnaire of reminiscence about Study

Die folgenden Fragen sollen erfassen, wie haufig Sie in den letzten Tagen an das Experiment gedacht oder dariber
gesprochen haben. Dabei gibt es keine ,guten” oder ,schlechten” antworten. Kreuzen Sie einfach das fir Sie
zutreffende an!

Haben Sie an dem Tag nach ihrem dritten Termin noch Gber den Versuch nachgedacht?

O Ja O nein

Wie hdufig haben sie an dem Tag nach ihrem dritten Termin Giber den Versuch nachgedacht?

L ]
| 1
Sehr selten Sehr haufig

Haben sie innerhalb der letzten 14 Tage vor dem vierten Termin an den Versuch gedacht?

Ola O nein

Wie hdufig haben sie in der Zeit vor dem vierten Termin an den Versuch gedacht?

L ]
I 1
Sehr selten Sehr haufig

Haben sie in den letzten 14 Tagen mit anderen Personen (Verwandte, Freunde) iiber den Versuch gesprochen?

O Ja 0 Nein

Mit wie vielen Personen haben sie in den letzten 14 Tagen iiber den Versuch gesprochen?

0 zwischen 1und 3 Ozwischen3und5 O zwischen 5 und 10 O mehr als 10

Haben Sie in der Zeit seit dem letzten Termin an anderen Studien/Versuchen Teilgenommen?

Ola 0 Nein

Falls ,.Ja* welche waren dies:
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7.2.2 Material of Study 1

Study information of Study 1

Julius-Maximilians-

UN!VERSITKT Lehrstuhl fiir Psychologie I - Prof. Dr. Paul Pank

WURZBURG Biologische Payehalogi, Hinische Paychologie nd Peychotheragie

Dr. Marta Andreatta
Marcusstr 8-11
G770 Wirzburg

Probandeninformation zur Studie
Tel: +40 031 31 20167

Fax: +49 831 31 82733
E-Mail: marta.andreattai@mail uni-wuerzburg.de

~Das BDNF System als Mediator fiir stressbedingte Beeintrachtigung von Akquisition,
Extinktion und spéter Furchtreaktion® im Rahmen des SFB Transregio 58 ,,Furcht, Angst,
Angststorungen®

Sehr geehrte Studienteilnehmerin,
sehr geehrier Studienteilnehmer,

Sie sind im Rahmen der Studie “Assoziafives Lemen — Modulation durch genefische Varianten”
als Proband/ Prohandin ausgewahlt worden. Mit dieser Studie wollen wir naher untersuchen,
inwiefern sich bestimmte Gene auf das assoziative Lemen auswirken und ob die gelemiten
Assoziationen in anderen, der urspringlichen Situation 3hnlichen Bedingungen wirksam werden.
Ihre genetischen Daten erhalten wir uber die Laboranalyse Ihrer Blutentnahmen im Rahmen des
Sonderforschungsbereiches _Furchi, Angst, Angsterkrankungen , (SFB-TRR 58, Teilprojeki
Z02).

Fur diese genetischen Untersuchungen wurden lhnen bereits zwei Réhrchen mit je 9 Milliliterm
Blut abgenommen.

Die Teilmahme an dieser Untersuchung beinhaltet zum gegenwartigen Zeitpunkt Keinen
therapeutischen Nutzen. Sollien im Rahmen der Untersuchung aber Befunde erhoben werden,
die fur Sie von unmittelbarer gesundheitlicher Bedeutung sind, werden Sie sofort durch den
Studienleiter informiert. Auskinfte (ber individuglle Untersuchungsergebnisse kénnen im
Rahmen dieser Studie nicht gegeben werden.
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Studienablauf

Die Studie dauert insgesamt 1 Stunde und wird am Lehrstuhl fiir Psychologie | (Biologische
Psychologie, Klinische Psychologie und Psychotherapie) der Universitat Wirzburg durchgefuhrt.
Sie als Teilnehmer werden vor der Untersuchung gebeten, Fragen zu Angstiichkeit und
Stimmung zu beantworten.

Vior dem Versuch sollen Sie ihre Hand fir maximal 180 Sekunden in ein Behdltnis mit kaltem
Wasser (ca. 2°C) eintauchen. Diese Untersuchung kann unangenehme oder belastende
Empfindungen ausldsen. Ebenso kinnen Hautrdiungen sowie voribergehende schmerzhafte
Kalteempfindungen aufireten, die jedoch gesundheitlich unbedenklich sind. Vor und nach dieser
Phase sowie werden Speichelproben erhoben (insgesamt 4), um Verdnderungen des
korpereigenen Siresshormones Cortisol im Zeitverlauf zu analysieren. Durch das Erleben von
Stress wird vermehrt Cortisol im Koérper ausgeschittet, welches im Speichel nachgewiesen
werden kann. Dazu sollen Sie fir wenige Augenblicke esine kleine Watterolle in den Mund
nehmen, die Sie kauen oder in der Backentasche behalten kdnnen, bis genigend Speichel
gesammel ist. Dazu reichen in der Regel 1-2 Minuten aus. Diese Phase wird mithilfe einer
Videckamera aufgezeichnet. Die Aufnahmen werden anschliefend komplett geldschi.

Wihrend der Untersuchung sollen Sie Bilder betrachten, die Gber einen Computerbildschirm
prasentiernt werden. Sie werden in regelmatigen Abstanden zu den Bildem befragt. Diese zeigen
geometnsche Figuren. Ab und zu werden Sie Uber sinen Kopfhdrer ein unangenehmes lautes
Gerdusch hdren. Dieses kann einen Augenblick lang unangenehme Empfindungen sowie
Ermregungsgefiinle ausidsen, ist jedoch nicht gefdhrich. Manchmal werden Sie elekirische Reize
am Unterarm verspiren. Die St3rke der elekirischen Reize wird individuell ermittelt und wvor
Versuchsbeginn festgelegt.

Freiwilligkeit der Teilnahme

Die Teilnahme an der Studie ist freiwillig. Es steht lhnen jederzeit frei, die Teilnahme an dieser
Studie chne Angabe von Grinden abzubrechen, ohne dass daraus MNachieile entstehen. Die
Untersuchung kann zu jedem Zeitpunkt abgebrochen werden.

Datenschutz

Die personlichen Daten sowie die Ergebnisse der Untersuchung werden streng vertraulich (nach
den gelienden Datenschutzbestimmungen) behandelt wnd pseudonymisiert. Bei  der
Pseudonymisierung wird Ihr Mame durch einen mehrsteligen Buchstaben- und Zahlencode
ersetzt, um die ldentifizierung und entsprechends Zuordnung lhrer Daten zu erschweren.
Die erhobenen Daten dienen rein wissenschaitlichen Zwecken und werden ohne Bezug auf
konkrete Personen ausgewertet und in wissenschafilichen Fachzeitschriften verdffentlicht.
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Informed consent of Study

Julius-Maximilians-

UNIVERSITAT Lekrstub fi Peychologie - Prof Dr. Paui Paul

WURZBURG Biologische Payehologie Kinische Psychologie und Paychotherapie

Einverstindniserklarung zur Datenerhebung im Rahmen der Studie

«Das BONF System als Mediator fiir stressbedingte Beeintrachtigung von Akquisition,
Extinktion und spater Furchtreaktion® im Rahmen des SFB Transregio 58 ,Furcht, Angst,
Angststorungen™, DFG.

Dwurch meine Unterschrift bestatige ich:

Ich nehme freiwillig an der Untersuchung _.The BDMF Sysiem als Mediator fir stresshedingte
Beeintrachtigung von Akguisition, Extinktion und spater Furchtreaktion® teil und bin damit
einverstanden, dass die erhobenen Daten wissenschaftlich ausgewertet werden. Ich bin auch damit
einverstanden, dass die Ergebnisse der Studie, in Gruppen zusammengefasst, wissenschafilich
verdffentlicht werden.

Uber mégliche Risiken wurde ich aufgekiart. Ich weill auch, dass es nicht méglich ist, Informafionan
Uber individuelle Untersuchungsergebnisse (z.B. persdnliche Risikokonstellationen) zu erhalten.

Ich hatte ausreichend Zeit mir zu Oberlegen, oh ich an der Untersuchung teilnehmen will sowie
Gelegenheit Fragen zu stellen. Mit den erhaltenen Antworten bin ich zufrieden. Ich habe dariber
hinaus eine Probandeninformation und eine Kopie dieser Einverstandniserkldrung (datiert und
unterschrieben) erhaltzn.

|ch wurde darauf hingewiesen, dass ich jederzeit von dieser Untersuchung zurickireten kann, chne
dass mir dadurch ein Machteil entsteht. Die Daten werden in diesem Falle vernichtet. Ich kann auch
nach der Teilnahme an dieser Studie die Léschung der hier erhobenen Daten verlangen. Ein Jahr
nach Abschluss der Studie wird allerdings der Codierungsschlissel geldscht und damit ist die
Zuordnung meines Namens zu meinen hier erhobenen Daten (und damit auch die Loschung der
Diaten) nicht mehr moglich.

Mame des Teilnehmers: ... LDt Blockbuchstaben)
Ort, Datum Unterschrft des Telnehmers

Unterschrift des aufklarenden Mitarheiters
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Experimenter’s protocol of Study 1

Ablaufsprotokell fiir Versuchleiter
Day 01: Stress
Datum: Versuchsleiter:

VEP-Code: Ablaufsnummer:

1. BEGRUBUNG:
1.1 Probandeninformation zur Studie lesen lassen

1.2 Einverstindniserklimng uvnterschreiben lassen

2. STRESSOR TREATMENT

3. SCHMERZSCHWELLENBESTIMMUNG
Mittelwert der Schmerzintensitit, Day 01 Stress:
Subjektives Rating der Intensitét, Day 01 Stress:
WICHTIG: Fragen ob Reiz aushaltbar (OF) ist?

4. ENDE

4.1 Post-Fragebdgen (STAIL-State & PANAS)

Stressor-Gruppe: O Context-A stress (1) O Context-A sham (2) [ Context-B stress (3)

1.1 Salivette Cortisol T1 = Beschniftung: Deckel-Code:
1.3 Stress-Treatment
Instruktion + Kamera einschalten
Wassertemperatus: Dauer des Handeintanchens:
Ulrzeit Hand raus:
1.4 Fragebogenkatalog
Demographe, STAI-Trart, ASL BDI SCL, Life Events, PANAS, STAI-State
WICHTIG: 30min warten!
1.5 Salivette Cortisol T2 Beschriftung: Deckel-Code:
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Day 02: Akquisition

Datum: Versuchsleiter:

[+

VP-Code: Ablaufsnummer:

1. BEGRUBUNG & VORBEREITUNG:
1.1 Pre Fragebogen (PANAS & STAI-State)

1.2 Salivette Cortisoel T3  Beschnffung: Deckel-Code:
1.4 Anbringen der Elektroden

[ ] Startle-Elektroden

[ | EDA-Elekiroden

|:| Schock-Elektrode
2. AKQUISITIONSPHASE
WICHTIG: RECOFDEFR. AN und Bildschirm an?
2.1 Schmerzschwellenfiberprivfong:  Anderung der Intensitat: OJa O Mein
Wenn ja, neper Mittelwert der Schmerzimtensitét, Day 02 Akqg.:

Subjeltives Rating der Intensitit, Day 02 Akg

Eopthirer aufsetzen!
1.2 Akquisitionsphase
Antwort zur Kontingenz:
Wann:
US-Rating
Bildschirm aus; Entfernen der Elektroden
3. ENDE
3.1 Post-Frageb&gen (STAI-State & PANAS)
3.2 Salivette Cortisol T4  Beschriftung: Deckel-Code:

Kommentar:
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[

Day 03: Extinktion
Datum: Versuchsleiter:

VEP-Code: Ablanfsnummer:

1. BEGRUBUNG & VORBEREITUNG:
1.1 Pre Fragebogen (PANAS & STAI-State)
1.2 Salivette Cortisel TS Beschriftung: Deckel-Code:
1.4 Anbringen der Elektroden
[] Startle-Elektroden
[ | EDA-Elektroden
|:| Schock-Elektrode

2. EXTINKTIONSPHASE
WICHTIG: RECORDEER. AN, Kopfhérer anfgesetzt und Bildschirm an?

Antwort zur Kentingenz:

Wann:

Bildschirm aus; Entfernen der Eleltroden

3. ENDE
3.1 Post-Fragebdgen (STAI-State & PANAS)
3.1 Salivette Cortisol T6é  Beschriftung: Deckel-Code:

Kommentar:
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Day 04: Recall

Datum: Versuchsleiter:

VEP-Code: Ablaufsnummer:

1. BEGRUBUNG & VORBEREITUNG:
1.1 Pre Fragebdgen (Gedachtnis, PANAS & STAI-State)
1.2 Saliverte Cortisol TT  Beschrifung: Deckel-Code:
1.4 Anbringen der Elektroden
D Startle-Elektroden
D EDA-Elektroden
] Schock-Eleltrode

2. Testphase
WICHTIG: RECORDEFR. AN, Kopthorer aufgesetzt und Bildschirm an?

Antwert zor Kontingenz:

Wann:

Bildschirm aus; Entfernen der Elektroden

3. ENDE
3.1 Post-Fragebdgen (STAI-State & PANAS)
3.1 Salivette Cortisol T8 Beschriftung: Deckel-Code:

Kommentar:
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Questionnaire for sociodemographic data of Study 1

Versuchspersonenprotokoll

Datum: Versuchsleiter:

Vp-Code:

Angaben zur Person:

Alter: Jahre Geschlecht: ominnlich o weiblich

Beruf und/oder Studienfach:

Muttersprache:

Linkshander [] Rechtshander [ ]

Wie viel Spott treiben Sie pro Woche? (b Woche)

Fiir Franen: Nehmen Sie die Pille? oCnein O ja

Fiir Fraven: Wenn nein in welchem Zyklustag befinden Sie sich?

Neurclogische Erkrantungen belannt?

Substanzeinnahme (Medikamente, Drogen, Alkohol) in letzter Woche: onein Oja

Falls ja. wann erfolgte die letzte Einnahme?

Falls ja. welche Substanzen?

momentan Schmerzen? O nein Oja

Wenn ja, wo?

Zeit mit der Hand 1m Wasser:

Notizen/Sonstiges:
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7.2.3 Material of Study 2

Study information of Study 2

Julivs-Maximilians-

U“JVERSITAT Lehrstuhl fiir Psychologie I - Prof. Dr. Paul Pauki

WURZBURG Biologische Psychologie, Ksische Psycbologie und Psycbotherspie

Probandeninformation zur Studie

»Das BDNF System als Mediator fir stressbedingte Beeintrachtigung von Akquisition,
Extinktion und spiter Furchtreaktion® im Rahmen des SFB Transregio 58 ,Furcht, Angst,
Angststorungen®

Sehr geehrie Studienteilnehmerin,
sehr geehrier Studienteilnehmer,

Sie sind im Rahmen der Studie “Assoziafives Lernen — Moduiation durch genefische Varanten™
als Proband/ Probandin ausgewsahlt worden.

Sie haben wvor einiger Zeit an der Studie _Gen-Umweli-Interaktionen in dimensionalen
Endophdnotypen fir Furcht und Angst und ihre Generalisierung hei Erwachsenen und Kindem®
(Projekt 202 im Rahmen des Sonderforschungsbereiches Furchi, Angst und
Angsterkrankungen®, SFB-TRR 58) teilgenommen. Im Rahmen dieser Studie wurde [hnen eine
Blutprobe (9 ml) entnommen, aus der Informationen Uber die Auspragung bestimmter Gene
gewonnen wurden. Die Auswahl erfolgte durch eine unabhdngige Schlusselperson, die fiir die
Dauer der Untersuchung Zugang zu lhren Daten aus dieser Studie hatte. lhre Daten wurden von
dieser Person pseudonymisiert, d. h. sie wurden durch einen Code verschiisselt. Der Schlussel®,
der die Zuordnung dieses Codes zu lhrer Genauspragung eraubt, wird getrennt von Ihren hier
erhobenen Daten von der unabhangigen Schlisselperson aufbewahrt. Der Untersucher hat dazu
keinen Zugang und somit keine Kenntnis Uber Ihre Genauspragung.

Fiir die aktuelle Studie wurden Probanden unterschiedlicher Genauspragungen ausgewanlt und
wir wollen naher untersuchen, inwiefem sich bestimmiz Gene auf das assoziative Lemen
auswirken

Sie werden aus der Teinahme an dieser Untersuchung zum gegenwartigen Zefipunki keinen
Mutzen ziehen kdnnen. Bisher sind keine Risiken bekannt, die fiir Sie durch die Teilnahme an der
Untersuchung entstehen kinnten. Sollten im Rahmen der Untersuchung aber Befunde erhoben
werden, die fir Sie von unmittelbarer gesundheitlicher Bedeutung sind, werden Sie sofort durch
den Studienleiter informiert. Auskinfte Gber individuelle Untersuchungsergebnisse kdnnen im
Rahmen dieser Studie nicht gegeben werden.

Studienablauf
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Die Studie besteht aus vier Terminen, die an vier unterschiedlichen Tagen stattfinden werden.
Jeder Temmin dauert zirka eine Stunde und wird am Lehrstuhl fir Psychologie | (Biologische
Psychologie, Klinische Psychologie und Psychotherapie) der Universitat Wirzburg durchgefiihrt.
Sie als Teilnehmer werden vor der Untersuchung gebeten, Fragen zu Angstlichkeit und Stimmung
Zu beantworten.

Am ersten Termin sollen Sie Ihre Hand fir maximal 180 Sekunden in ein Behalinis mit kaltem
Wasser (ca. 2°C) einfauchen. Dieser Kalt-Wasser-Test kann unangenshme oder belastende
Empfindungen ausldsen. Ebenso kinnen Hautrdtungen sowie voribergehende schmerzhafte
kKalteempfindungen aufireten, die jedoch gesundheitlich wvnbedenklich sind. Wahrenddessen
werden Sie mithilfe einer Videokamera aufgezeichnet. Die Aufmahmen werden anschliefend
komplet geldscht. Vor und nach diesem Kali-Wasser-Test werden Speichelpreben erhoben, um
Veranderungen des kirpereigenen Stresshormons Cortisol im Zeitverlauf zu analysieren. Durch
das Erleben von Stress wird vermehrt Cortisol im Kdrper ausgeschitiet, welches im Speichel
nachgewiesen werden kann. Dazu sollen Sie fur wenige Augenblicke eine kleine VWatterolle in den
Mund nehmen, die Sie kauen oder in der Backentasche behalten kdnnen, bis genigend Speichel
gesammelt ist. Dazu reichen in der Regel 1-2 Minuten aus. Des Weiteren werden zur Uberpriifung
des Kalt-Wasser-Tests Blutdruckmessungen durchgefiihri. Hierfur wird eine Blutdruckmanschetie
an ihrem Oberarm angebrachi.

Die drei folgenden Termine werden sehr 3hnlich ablaufen. Wahrend der Untersuchung sollen Sie
Bilder betrachten, die lber einen Computerbildschirm prasentiet werden. Sie werden in
regelmaligen Abstanden zu den Bildern befragt. Diese zeigen geometrische Figuren. Ahb und zu
werden Sie Uber einen Kopfharer ein unangenehmes lautes Gerdusch horen. Dieses kann einen
Augenblick lang unangenehme Empfindungen sowie Ermegungsgefiihle ausldsen, ist jedoch nicht
gefahrlich. Manchmal werden Sie elekirische Reize am Unterarm verspiren. Die Stirke der
elektrischen Reize wird individuell ermittelt und vor Versuchsbeginn festgeleqgt. Diese elekirischen
Reize sind etwas schmerzhaft aber unschadlich und wichtig fir die physiclogischen Messungen.
Vor und nach dem Versuch werden Speichelproben (insgesamt 8) und Blutdruckmessungen
(insgesamt 10) am jeden Termin erhoben.

Freiwilligkeit der Teilnahme

Die Teilnahme an der Studie ist freiwillig. Es steht Ihnen jederzeit frei, die Teilnahme an dieser
Studie ohne Angabe von Griinden abzubrechen, ohne dass daraus MNachieile entsiehen. Die
Untersuchung kann zu jedem Zeitpunkt abgebrochen werden.

Datenschutz

Die persdnlichen Daten sowie die Ergebnisse der Untersuchung werden streng vertraulich (nach
den gelienden Datenschutzbestimmungen) behandelt und pseudonymisiert. Bei der
Pseudonymisierung wird lhr Mame durch einen mehrstelligen Buchstaben- und Zahlencode
ersetzf, um die ldentifizierung und entsprechende Zuordnung lhrer Daten zu erschweren.
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Die erhobensn Daten dienen rein wissenschafilichen Zwecken und werden ohne Bezug auf
konkrete Personen ausgewertet und in wissenschaftlichen Fachzeitschriften verdffentlicht. Die
Daten werden fur unbestimmie Zeit am Lehrstuhl fir Psychologie | (Biologische Psychologie,
Klinische Psychologie und Psychotherapie) der Universitdt Warzburg gespeichert. Der
Codierungsschlissel, der die Zuordnung lhres Namens zu der Codenummer erlaubt, wird ein Jahr
nach Abschiuss der Studie vemichtet {Anonymisierung). Sie kinnen jederzeit die Loschung Ihrer
Daten innerhalb diesem Jahr verlangen.

Wir mochten Sie darauf hinweisen, dass lhnen nach A, 15 und Art 16 der EU-
Datenschutzgrundverordnung (EU-DSGVO) ein Auskunfis- und Berichfigungsrecht sowie ein
Recht auf Ldschung (&rt. 17), Einschrankung der Verarbeitung {Art. 18), Datendberragbarkeit (Ar.
20} und Widerspruch gegen die Verarbeitung (Art. 21) zusteht. Im Falle eines Widerrufs kénnen
Sie grundsatzlich entscheiden, ob Ihre Daten und Proben geldscht bzw. vemichiet werden sollen
oder ob sie in anonymisierter Form fur weitere Forschungsvorhaben verwendet werden dirfen. Die
Rechtmatigkeit der Verarbeitungen bis zum Zeitpunkt des Widerrufes bleibt davon unberihr.
Machien Sie eines dieser Rechie in Anspruch nehmen, wenden Sie sich biite an die Studienleitung
(s.0.). Bei Anliegen zur Datenverarbeitung und zur Einhaltung der datenschutzrechtlichen
Anforderungen kdnnen Sie sich an den Datenschuizbeaufiragiten des Universitdtskiinikums
Wirzburg wenden (Datenschutzbeaufiragter des Universititsklinikums Wirzburg, Josef-
Schneider-Strafte 2, 97080 Wirzburg, Telephon: 09317201-55485, Email: datenschutz@ukw.de).
Aulerdem haben Sie das Recht Beschwerde bei derfden Datenschutz-Aufsichtsbehorde/n
einzulegen, wenn Sie der Ansicht sind, dass die Verarbeiiung der Sie betreffenden
personenbezogenen Daten gegen die DSGYVO verstoft. Dies ergibt sich aus Art. 77 DSGVO.
Datenschutzrechtliche Beschwerden kinnen an den Bayerischen Landesheaufiragie fir den
Datenschutz (BayLfD) gerichtet werden (Postfach 22 12 19, 80502 Minchen, Telephon:
089/212672-0, Email. posisiel-le@datenschutzbayemn.de). Die Beschwerde bel der
Aufsichtsbehdrde kann formlos erfolgen.

Verantwortliche Stelle fiir die Datenverarbeitung:

Universitatsklinikum Wirzburg, Anstalt des dffentlichen Rechts, Josef-Schneider-Stralte 2, 97080
Wilrzburg, Deutschland, Tel.: 0931 201 0

Kontaktperson

Fir weitere Informationen bzw. Rickfragen steht lhnen die Studienleiterin Frau Dr. Maria Andreatta
zur Verfigung: Dr. Marta Andreatta, marta.andreatta@mail.uni-wuerzburg.de, Telefonnummer:
+49 931 31-80167.
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Informed consent of Study 2

Julius-Maximilians-

UNIVERSITAT Falrstab i PsytiogioT Prat Dr. Pan Pk

WURZBURG Biclogische Psyehologie, Klinische Psychologie und Psychotherapis
Lehrsiuhl fiir Psvehologie [ Marcusstr, 9-11, 37070 Wiirzburg

Einverstindniserklarung zur Datenerhebung im Rahmen der Studie

«Das BDONF System als Mediator fir stressbedingte Beeintrachtigung von Akquisition,
Extinktion und spédter Furchtreaktion® im Rahmen des SFB Transregio 58 ,Furcht, Angst,
Angststorungen”, DFG.

Durch meine Unterschrift bestétige ich Folgendes:

Ich nehme freiwillig an der Untersuchung .The BDNF System als Mediator fir stresshedingte
Beeintrachtigung von Akguisition, Extinktion und spdter Furchireaktion® teil.

Ich weilk, dass die geplante Untersuchung mir persénlich keinen unmittelbaren, medizinischen oder
sonstigen Mutzen bringt. Ein entsprechendes Informationsblatt dber die Studie wurde mir
ausgehandigt, welches ich gelesen und verstanden habe. Uber magliche Risiken wurde ich
aufgeklart. Ich weill auch, dass es nicht moglich ist, Informationen Ober individuele
Untersuchungsergebnisse (z.B. persinliche Risikokonstellationen) zu erhalten.

Ich hatte ausreichend Zeit mir zu berlegen, ob ich an der Untersuchung teilnehmen will sowie
Gelegenheit Fragen zu stellen. Mit den erhaltenen Antwaorten bin ich zufrieden. Ich habe daniber
hinaus eine Probandeninformation und eine Kopie dieser Einverstandniserkldrung (datiert und
unterschrieben) erhalten.

lch wurde darauf hingewiesen, dass ich jederzeit von dieser Untersuchung zurickireten kann, chne
dass mir dadurch ein Nachteil entsteht. Die Daten werden in diesem Falle vemichtet. lch kann auch
nach der Teilnahme an dieser Studie die Lischung der hier erhobenen Daten verlangen. Ein Jahr
nach Abschluss der Studie wird allerdings der Codierungsschlissel geldscht und damit ist die
Zuordnung meines Namens zu meinen hier erhobenen Daten (und damit auch die Léschung der
Daten) nicht mehr moglich.

Mit meiner Unterschrift erkldre ich mich damit einverstanden, dass die im Rahmen der Studie
erhobenen, personenbezogenen Daten in Papierform und elektronisch am Institut fur Psychologie |
der Universitdt Wirzburg fir maximal 10 Jahre pseudonymisient!, dh. in namentlich nicht
kenntlicher Form, gespeichert und durch den Studienleiter und seine Mitarbeiter verarbeitet werden
dirfen. Zugang zu dem Schlissel, der eine Zuordnung meines Mamens zu diesen Daten

1 Peeudonymisieren ist das Ersetzen des Mamens und anderer ldentifikationsmerkmale durch ein Kennzeichen zu dem
Zweck, die |dentifizierung des Betoffensen  auszuschlielen oder wesentlich zu erschweren (§3, Abs. G
Bundesdatenschutzgesstz).
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2
ermdglichen wirde, haben nur der Studienleiter und sein Stellvertreter. Schald der Studienzweck

es zuldsst, wird der Schiissel geldscht und eventuell noch vorhandene Daten damit anonymisierts.
Ich erkldre mich weiterhin damit einverstanden, dass die Auswertung dieser pseudonymisierten’
Daten, bei Bedarf, in Zusammenarbeit mit anderen Wissenschafilern erfolgen kann. Werden diese
Diaten dazu an andere Wissenschaftler Gbermittelt, erfolgt dies ebenfalls in pseudonymisierter’ oder
anonymisierte” Form. Femer stimme ich der Verdffentlichung wvon Studienergebnissen in
anonymisierter® Form zu.

Mir ist bekannt, dass ich mein Einverstandnis zur Speichernung dieser Daten bis spatestens ein Jahr
nach der Erhebung der Daten widerrufen kann, chne dass mir daraus MNachteile entstehen. Die
entsprechenden Daten werden, wie von lhnen verlangt, dann geldscht oder anonymisiert. Daten die
zum Zeitpunkt des Widermufs bereits anonymisiert sind, kinnen jedoch nicht mehr geldscht werden.
Aulterdem wurde ich daniber informiert, dass ich jederzeit Auskunft (ber die gespeicherten Daten
erhalten kann, die noch nicht anonymisiert sind.

Weiterhin ist mir bekannt, dass mir nach Art. 15 und Art. 16 der EU-
Datenschutzgrundverordnung (EU-DSGVO) ein Auskunfis- und Berchtigungsrecht sowie ein
Recht auf Léschung (Art. 17), Einschrankung der Verarbeitung (Art. 18), Datenlibertragbarkeit
(Art. 20) und Widerspruch gegen die Verarbeitung (Art. 21) zusteht.

Verantwortliche Stelle fiir die Datenverarbeitung:
Universitdtsklinikum Wirzhurg, Anstalt des dffentlichen Rechts, Josef-Schneider-Stralte 2, 97080
Wirzburg, Deutschland, Tel.: 0931 201 0

Ich bin dber die geplante Untersuchung eingehend und ausreichend unterrichtet worden. Ich konnte
Fragen stellen, die Informationen dazu habe ich inhaltlich verstanden. Ich habe keine weiteren
Fragen, fihle mich ausreichend informiert und willige hiermit nach ausreichender Bedenkzeit
freiwillig in die Untersuchung wie oben beschrieben ein.

Name des Teilnehmers: ... (it Blockbuchstaben)

Ort, Datum Unterschrift des Telnehmers

Unterschrifi des aufklarenden Mitarbeiters

Kontaktperson: Dr. Marta Andreatta, Lehrstuhl fir Psychologie |, Universitadt Worzburg, Marcussir. 9-11,
97070 Wirzburg, Tel.: 0931-31-80167, marta.andreatta@mail.uni-wuerzburg.de

2 Anonymisienung ist das Verdndemn personenbezogener Daten derart, dass die Einzelangaben Ober persénliche oder
sachliche Verhaltnisse nicht mehr oder nur mit unverhalknismakig grofem Aufwand an Zeit, Kosten und Arbeitskraft einer
bestimmten oder bestimmbaren natirichen Person zugeordnet werden kinnen (53, Abs. G Bundesdatenschutzgesetz).
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Experimenter’s protocol of Study 2

Ablaufsprotokoll fiir Versuchleiter

Day 01: Stress

Datum: Versuchsleiter:
VP-Code: Ablaufsnummer:
Stressor-Gruppe: O SECPT (1) OSHAM (2)

1. BEGRUBUNG:
1.1 Probandeninformation zur Studie lesen lassen

1.2 Einverstandniserklimng unterschreiben lassen

2. STRESSOR TREATMENT
1.1 Salivette Cortisel T1  Beschniftung: Declkel-Code:

1.1 Blutdruck 1l Sys_tl: Dia_tl: Puls_tl:

2.3 Stress-Treatment

Instruktion + Kamera einschalten

Blutdruck t2 90sec: Sys_t2: Dia_t2: Puls_t2:
Blutdruck t2 end: Sys_t3: Dia_t3: Puls_t3:
Wassertemperatur: Daner des Handeintauchens:
Uhrzeit Hand rans:

1.4 Fragebogenkatalog
Stressfrapebogen, Demograplue, STAT-Trait, ASI, BDI, SCI, Life Events, CTQ), PANAS, STAI-State
WICHTIG: 30min warten!

1.5 Salivette Cortisol T2 Beschriftung: Deckel-Code:

1.6 Blutdruck t4 Sys_td: Dia_t4: Puls_t4:

3. SCHMERZSCHWELLENBESTIMMUNG
Mittelwert der Schmerzintensitit, Day 01 Stress:
Subjektives Rating der Intensitit, Day 01 Stress:
WICHTIG: Fragen ob Reiz anshaltbar (OF) ist?

4. ENDE

4.1 Post-Fragebogen (STAI-State & PANAS)
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2

Day 02: Akquisition
Damm: Versuchsleiter:
VP-Code: Ablaufsnummer:
1. BEGRUBUNG & VORBEREITUNG:
1.1 Pre Fragebégen (Protokoll Day(2, Schlafoualitdt, PANAS & STAI-State)
1.2 Salivette Cortisel T3  Beschriffung: Deckel-Code:
1.3 Blutdruck t5 Sys_t5: Dia_t5: Puls_t5:
1.4 Anbringen der Elektroden

|:| Startle-Elektroden

|:| EDA-Elektroden

] Schock-Elektrode
2 AKQUISITIONSPHASE
WICHTIG: FECORDER AN und Bildschirm an?
2.1 Schmerzschwellenfiberpriifung: Anderung der Intensitat: OJa ONXein
Wenn ja, never Mittelwert der Schmerzintensitit, Day 02 Akq.:

Subjektives Rating der Intensitdt, Day 02 Alg.:

Kopfhérer anfsetzen!
1.2 Akquisitionsphase
Antwort zur Kontingenz:
Wann:
US-Rating:
Bildschirm aus; Entfernen der Elektroden
3. ENDE
3.1 Post-Fragebogen (STAI-State & PANAS)
1.2 Salivette Cortisol T4  Beschnifiung: Deckel-Code:
1.3 Blutdruck t6 Sys_té: Dia_t6: Puls_t6:

Kommentar:
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Day 03: Extinktion

Datum: Versuchsleiter:

VP-Code: Ablaunfsnummer:

1. BEGRUBUNG & VORBEREITUNG:
1.1 Pre Frageb&gen (Protokell Day(3, Schlafqualitit, PANAS & STAI- State)

ad

1.2 Salivette Cortisel TS Beschnffung: Deckel-Code:

1.3 Blutdruck t7 Sys_tT: Dia t7: Puls_t7:
1.4 Anbringen der Elektroden

|:| Startle-Elektroden

] EDA-FElektroden

] Schock-Eleltrode

2. EXTINKTIONSPHASE
WICHTIG: RECORDER AN, Kopfthérer aufgesetzt und Bildschirm an?

Antwort zur Kontingenz:

Wann:

Bildschirm aus; Entfernen der Elektroden
3. ENDE
3.1 Post-Frageb&gen (STAI-State & PANAS)

3.2 Salivette Cortisol T6  Beschriftung: Deckel-Code:

1.3 Blutdruck t8 Sys_t&: Dia_t8: Puls_t3:

EKommentar:
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Day 04: Recall
Datum: Versuchsleiter:

VP-Code: Ablaufsnummer:

1. BEGRUBUNG & VORBEREITUNG:
1.1 Pre Fragebdgen (Gedachtnis, Protokoll Day(4, Schlafqualitat, PANAS & STAI-State)
1.2 Saliverte Cortisol TT  Beschrnifung: Deckel-Code:
1.3 Blutdruck t9 Sys_t9: Dia_t9: Puls_t9:
1.4 Anbringen der Elektroden
[ ] Startle-Elektroden
] EDA-Elektroden

D Schock-Elektrode

2. Testphase
WICHTIG: RECORDEER. AN, Kopfhérer aufgesetzt und Bildschirm an?

Antwert zur Kontingenz:

Wann:

Bildschirm aus; Entfernen der Elektroden

3. ENDE

3.1 Post-Frageb&gen (STAI-State & PANAS)

3.1 Salivette Cortisol T8 Beschriftung: Deckel-Code:
3.3 Blutdruck t10 Sys_tl0: Dia_t10: Puls t10:

EKEommentar:
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Participant’s protocols with sociodemographic data of Study 2

Versuchspersonenprotokoll

Datum: Versuchsleiter:

Vp-Code:

Angaben zur Person:

Alter: Jahre Geschlecht: oomémnlich o weiblich

Beruf und/oder Studienfach:

Muttersprache:

Linkshander [ ] Rechtshander [ ]

Wie viel Sport treiben Sie pro Woche? (hWoche)

Neurologische Erkrankungen belzannt?

Wann sind Sie heute anfgestanden (Uhrzeit)?

Haben Sie in den letzten 2h Kaffee oder koffeinhaltizen Tee getrunken? oDoein

Falls ja, wann (und was) erfolgte die letzte Einnahme?

Oja

Substanzeinnahme (Medikamente, Drogen, Allchol, Zigaretten) in letzter Woche:
O nein dja

Falls ja, wann erfolgte die letzte Einnahme?

Falls ja. welche Substanzen?

momentan Schmerzen? O nein oja

Wenn ja, wo?

Notizen/Sonstiges:
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Versuchspersonenprotokoll — Tag 02

Diatum- Vp-Code:

Haben Sie in den letzten 2h Kaffee oder koffeinhaltizen Tee getrunken? oDonein

Falls ja, wann (und was) erfolgte die letzte Einnahme?

O ja

Substanzeinnahme (Medikamente, Drogen, Alkohol, Zigaretten) seit gestern:
O nein O ja

Falls ja, wann erfolgte die letzte Einnahme?

Falls ja. welche Substanzen?

momentan Schmerzen? O nein O ja

Wenn ja, wo?

Notizen/Sonstiges:
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Versuchspersonenprotokoll — Tag 03

Datum-: Vp-Code:

Haben Sie in den letzten 2h Kaffee oder koffeinhaltizen Tee getrunken? oCnein

Falls ja, wann (und was) erfolgte die letzte Einnalume?

O ja

Substanzeinnahme (Medikamente, Drogen, Alkohol, Zigaretten) seit gestern:
O nein O ja

Falls ja. wann erfolgte die letzte Einnahme?

Falls ja, welche Substanzen?

momentan Schmerzen? O nein oja

Wenn ja, wo?

Notizen/Sonstiges:
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Versuchspersonenprotokoll — Tag 04

Diatum- Vp-Code:

Haben Sie in den letzten Jh Kaffee oder koffeinhaltizen Tee getrunken? oDnein

Falls ja, wann (und was) erfolgte die letzte Einnahme?

Oja

Substanzeinnahme (Medikamente, Drogen, Alkohol, Zigaretten) in letzter Woche:

O nein dja

Falls ja, wann erfolgte die letzte Einnahme?

Falls ja. welche Substanzen?

momentan Schmerzen? O nein O ja

Wenn ja, wo?

Notizen/Sonstiges:
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Questionnaire for stress ratings of Study 2

Untersuchung:

Datum:

VP-Code:

Sie jeweils die fir Sie am ehesten zutreffende Zahl an.

Wie unangenehm war das Eintauchen der Hand fir Sie?

Fragen zum Handeintauchen

Die folgenden drei Fragen beziehen sich auf das Eintauchen |hrer Hand in das Wasserbecken.
Bitte kreuzen Sie an wie unangenehm, stressvoll und schmerzhaft das Handeintauchen fir
Sie war. Die Skalen gehen jeweils von 0 ,Gberhaupt nicht” bis 100 ,sehr stark”. Bitte kreuzen

| I I ! I [ J

Uberhaupt nicht
unangenehm

Uberhaupt nicht
stressvoll

Uberhaupt nicht
schmerzhaft

0 10 20 30 40 50 60 70 80 Q0 100
Sehr stark
unangenehm
Wie stressvoll war das Eintauchen der Hand fir Sie?
| | | | | | | | | | |
| I I I I [ I I | | |
0 10 20 30 40 50 60 70 30 a0 100
Sehr stark
stressvoll
Wie schmerzhaft war das Eintauchen der Hand fir Sie?
| | | | | | | | | | |
| [ | l | [ J | I | I
0 10 20 30 40 50 60 70 30 a0 100
Sehr stark
schmerzhaft
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Questionnaire of sleep quality of Study 2

Untersuchung: VP-Code;

Datum: TAG:

Bitte beantworten Sie die folgenden Fragen:

Wann sind Sie gestern Abend zu Bett gegangen?

Wann sind Sie heute Morgen aufgestanden?

Wie viele Stunden haben Sie leizte Macht tatsachlich geschlafen?

Wie wirden Sie insgesamt die Qualitat Ihres Schilafes wahrend der letzien Nacht beurteilen?
Bitte kreuzen Sie an:

O O O O

Sehr gut ziemlich gut ziemlich schlecht sehr schlecht
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