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Abstract 

Fear and safety learning processes are essential for survival, but excessive fear in 

anxiety-related psychopathology ï covering symptoms, traits, and states beyond 

traditional diagnostic categories ï causes suffering and impairment. Thus, fear and safety 

learning has been increasingly studied to understand its role in the development, 

maintenance, and treatment of anxiety- and stress-related disorders, including anxiety 

disorders, obsessive-compulsive disorder (OCD), and post-traumatic stress disorder. 

Differential fear conditioning is a well-established approach, offering translational 

potential for bridging experimental and clinical studies. For instance, pathological fear 

and anxiety are assumed to arise through associative learning and overgeneralization, 

while deficits in extinction and inhibitory learning form the dominant theoretical 

framework of exposure therapy. Individuals with anxiety- and stress-related disorders 

often show deficits in differentiating threat (CS+) from safety cues (CS-), impaired 

extinction learning, and fear overgeneralization, although empirical evidence remains 

partly inconsistent and contradictory. The present dissertation aimed to advance a 

transdiagnostic understanding of fear and safety learning in anxiety-related 

psychopathology, examining how these processes contribute to the development, 

maintenance, and treatment of anxiety- and stress-related disorders. To this end, 

differential fear conditioning was assessed across multiple phases (acquisition, 

generalization, extinction, extinction recall, and return of fear (RoF)) and outcome 

measures (US expectancy, affect ratings, fear-potentiated startle, skin conductance 

response, and late positive potential) using both meta-analytic and cross-sectional 

approaches. Categorical group comparisons, symptom-specific dimensional effects, and 

the influence of comorbid depression were considered. 

The meta-analysis of study I (n = 77 studies) extends previous findings by 

demonstrating heightened responses to the CS- during fear acquisition and persistence 

after extinction, alongside increased affect ratings to the CS+ across phases in individuals 

with anxiety- and stress-related disorders compared to healthy controls. Effect sizes were 

small to medium, with heterogeneity limiting synthesis across studies. Study II (n = 156) 

investigated fear conditioning in social anxiety disorder (SAD), specific phobia, and OCD 

using a cross-sectional design, finding higher shock expectancy for the CS- during fear 

acquisition in SAD and impaired extinction learning in comorbid depression. Anxious 
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arousal was associated with altered fear acquisition and overgeneralization. Study III  

(n = 201) focused on fear conditioning in OCD and individuals with genetic and 

environmental risk for anxiety-related psychopathology. Individuals with OCD exhibited 

elevated stimulus-unspecific shock expectancy and fear ratings across most phases, but 

no evidence emerged for altered fear and safety learning as a vulnerability factor. 

Obsessive-compulsive symptoms were associated with elevated shock expectancy and 

fear ratings across most phases, while depressive symptoms particularly influenced 

responses during RoF. 

In conclusion, individuals with anxiety- and stress-related disorders compared to 

controls show altered fear and safety learning, primarily reflected in subjective ratings 

rather than physiological or neural measures, suggesting cognitive biases and impaired 

inhibitory learning. The impact of comorbid depression and symptom severity 

underscores the importance of personalized treatment approaches. At the same time, 

inconsistencies across studies, disorders, phases, and outcome measures highlight the 

complexity and heterogeneity of these processes across different anxiety- and stress-

related disorders. Future research should prioritize longitudinal and methodologically 

harmonized designs to clarify the translational relevance of fear and safety learning 

mechanisms for the development, maintenance, and treatment of anxiety- and stress-

related disorders. 
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German Abstract 

Furcht- und Sicherheitslernens sind essenzielle Prozesse für das Überleben, aber 

übermäßige Angst bei angstbezogener Psychopathologie ï die Symptome, Eigenschaften 

und Zustände über die traditionellen Diagnosekategorien hinaus umfasst ï verursacht 

Leid und Beeinträchtigungen. Daher wird Furcht- und Sicherheitslernen zunehmend 

erforscht, um dessen Rolle bei der Entwicklung, Aufrechterhaltung und Behandlung von 

Angst- und stressbezogenen Störungen, einschließlich Angststörungen, 

Zwangsstörungen (OCD) und Posttraumatischer Belastungsstörungen, besser zu 

verstehen. Die differentiale Angstkonditionierung ist ein gut etabliertes Verfahren mit 

translationalem Potenzial, um experimentelle und klinische Studien zu verbinden. 

Beispielweise wird angenommen, dass pathologische Furcht und Angst durch 

assoziatives Lernen und Übergeneralisierung entstehen, während Defizite in der 

Extinktion und inhibitorischem Lernen das vorherrschende theoretische Modell für die 

Expositionstherapie darstellen. Personen mit Angst- und stressbezogenen Störungen 

zeigen häufig Schwierigkeiten darin, Bedrohungssignale (CS+) von Sicherheitssignalen 

(CS-) zu unterscheiden, neigen zur Übergeneralisierung von Angst und haben 

beeinträchtigte Extinktionsprozesse. Die empirischen Befunde sind jedoch in Teilen 

uneinheitlich und widersprüchlich. Die vorliegende Dissertation verfolgte das Ziel, ein 

transdiagnostisches Verständnis von Furcht- und Sicherheitslernen in angstbezogener 

Psychopathologie zu erweitern und dabei zu untersuchen, wie diese Prozesse zur 

Entstehung, Aufrechterhaltung und Behandlung von Angst- und stressbezogenen 

Störungen beitragen. Zu diesem Zweck wurde die differentiale Angstkonditionierung in 

verschiedenen Phasen (Akquisition, Generalisierung, Extinktion, Extinktionsabruf und 

Rückkehr der Furcht (RoF)) und anhand verschiedener Outcome-Maße (US-Erwartung, 

affektive Ratings, furchtpotenzierter Schreckreflex, Hautleitwert und das späte positive 

Potenzial (LPP)) sowohl meta-analytisch als auch querschnittlich untersucht. Es wurden 

kategoriale Gruppenvergleiche, symptombezogene Dimensionseffekte und der Einfluss 

komorbider Depression berücksichtigt. 

Die Meta-Analyse in Studie I (n = 77 Studien) erweitert frühere Befunde, indem 

sie in Personen mit Angst- und stressbezogenen Störungen erhöhte Reaktionen auf den 

CS- während der Akquisition und seine Persistenz nach der Extinktion sowie erhöhte 

affektive Ratings gegenüber dem CS+ über alle Phasen hinweg im Vergleich zu gesunden 

Versuchspersonen zeigte. Die Effektstärken waren klein bis mittel, wobei Heterogenität 
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die Synthese der Studien erschwerte. Studie II (n = 156) untersuchte die 

Angstkonditionierung bei sozialer Angststörung (SAD), spezifischer Phobie und OCD 

querschnittlich. Dabei zeigte sich, dass Personen mit SAD eine höhere US-Erwartung für 

den CS- während der Akquisition hatten und Personen mit komorbider Depression 

Einschränkungen im Extinktionslernen. Erhöhte angstspezifische Erregung war mit 

erhöhter Furchtakquisition und -generalisierung assoziiert. Studie III (n = 201) 

fokussierte sich auf die Angstkonditionierung bei OCD sowie bei Personen mit 

genetischem und umweltbedingtem Risiko für angstbezogene Psychopathologie. Hier 

zeigten sich erhöhte, vom Stimulus unabhängige, Ratings der US-Erwartung und der 

Angst bei Personen mit OCD, hinweg über die meisten Phasen, jedoch ohne Hinweise 

darauf, dass Furcht- und Sicherheitslernen als Risikomarker fungiert. Zwangssymptome 

waren mit erhöhten Ratings der US-Erwartung und Angst über die meisten Phasen 

hinweg assoziiert, während depressive Symptome vor allem während der RoF Phase eine 

Rolle spielten. 

Zusammenfassend zeigen Personen mit Angst- und stressbezogenen Störungen im 

Vergleich zu Kontrollen veränderte Prozesse des Furcht- und Sicherheitslernens, 

hauptsächlich erkennbar in subjektiven Ratings und weniger in physiologischen oder 

neuronalen Maßen. Dies deutet auf kognitive Verzerrungen und eine beeinträchtigte 

inhibitorische Kontrolle hin. Der Einfluss von komorbider Depression sowie 

Symptomschwere unterstreicht die Bedeutung personalisierter Therapieansätze. 

Gleichzeitig heben die Inkonsistenzen in den Studien, den Störungen, Phasen und 

Outcome-Maßen die Komplexität und Heterogenität dieser Prozesse hervor. Zukünftige 

Forschung sollte vor allem Längsschnittstudien mit methodischer Harmonisierung 

durchführen, um die translationale Relevanz von Furcht- und Sicherheitslernen für die 

Entstehung, Aufrechterhaltung und Behandlung von Angst- und stressbezogenen 

Störungen zu klären. 
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ñIf fears can be learned, they can also be unlearned.ò 

ï Mary Cover Jones 

 

1 Theoretical Background 

1.1 From Adaptive Emotion to Psychopathology: Understanding Fear and Anxiety 

Fear and anxiety are among the most fundamental emotional responses to 

perceived threats, shaped by evolution as a survival mechanism that is shared across 

species. Although closely related, they represent distinct emotional states and serve 

different functions in helping individuals adapt to potentially dangerous situations or 

stimuli. To better understand the emotional processes involved in threat and safety 

learning mechanisms, it is essential to distinguish between fear and anxiety (Watson et 

al., 2022). Both can be assessed as short-term states and as long-term traits (DeYoung et 

al., 2022; Eysenck, 1983; Spielberger et al., 1983; Sylvers et al., 2011). Fear refers to an 

acute emotional response to an immediate and clearly identifiable threat, typically 

associated with physiological activation and defensive behaviors such as fight, flight, or 

freeze (Davis et al., 2010; Lang et al., 2000; LeDoux, 2000, 2012). In contrast, anxiety 

represents a more sustained emotional state of apprehension or tension that arises in 

anticipation of potential or uncertain threats (Davis et al., 2010). Whereas fear is often 

described as phasic and stimulus-driven, anxiety is considered tonic and context-

dependent, involving cognitive components such as worry, threat anticipation, and 

hypervigilance (American Psychiatric Association, 2013). Typically, threat detection as 

well as the defensive response both depend on situation-specific factors, including 

proximity, intensity, immediacy, and probability of the aversive outcome (Blanchard et 

al., 1998; Diamond et al., 1999). Furthermore, Lang (1968) distinguished three response 

systems in fear and anxiety: verbal-subjective, overt motor, and somato-visceral. These 

response systems vary between fear and anxiety. For instance, in the verbal-subjective 

domain, fear manifests as thoughts of imminent threats, whereas anxiety often appears as 

worry. In overt motor behavior, fear triggers escape, while anxiety may drive avoidance. 

And in the somato-visceral system, fear is associated with trembling or other 

physiological arousal and anxiety is associated with muscle tension (Craske et al., 2009). 

Fear and anxiety constitute fundamental affective processes and are central to 

understanding the development and maintenance of anxiety-related psychopathology. In 
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the present dissertation, anxiety-related psychopathology is used as a term referring to 

subjective symptoms, traits, and states related to excessive and/or persistent fear and 

anxiety that result in stress, suffering and/or behavioral impairment (Cooper et al., 2024). 

These features are conceptualized as dimensional and transdiagnostic, reflecting higher-

order processes. While anxiety-related psychopathology extends beyond traditional 

diagnostic boundaries, it is also highly relevant for disorders in which fear and anxiety 

responses are central, including anxiety disorders, obsessive-compulsive disorder (OCD), 

and post-traumatic stress disorder (PTSD). For simplicity, these disorders will be jointly 

referred to as anxiety- and stress-related disorders throughout this dissertation. 

While adequate threat-responses as reactions to dangerous stimuli and their 

generalization are essential for survival, these processes often exceed a functional level 

in anxiety- and stress-related disorders (Lissek et al., 2008). Further, the constructs of fear 

and anxiety are mirrored in these disorders, with some being primarily characterized by 

phasic fear responses (e.g., specific phobia (SP) or PTSD), and others by sustained 

anxiety states (e.g., generalized anxiety disorder (GAD) or panic disorder (PD)), or both 

simultaneously (e.g., OCD) (Lonsdorf & Merz, 2017). Over the past decades, extensive 

research has examined the mechanisms underlying the transition from adaptive to 

maladaptive fear and anxiety, leading to both disorder-specific and integrative models of 

anxiety-related psychopathology. A foundational framework in this context is Mowrerôs 

two-factor theory (1960), which provides a theoretical basis for studying anxiety-related 

psychopathology under controlled laboratory conditions (Pittig et al., 2018). According 

to this model, fear is acquired through classical conditioning, where a previously neutral 

stimulus becomes associated with an aversive event, eliciting a conditioned fear response 

upon later encounters (Mowrer, 1960). Subsequently, maladaptive fear is maintained 

through avoidance behavior, which prevents corrective learning experiences and thus 

perpetuates fear and anxiety through negative reinforcement (Arnaudova et al., 2017; 

Krypotos, 2015). Of note, fear and avoidance behavior become excessive and 

pathological when the original associative learning process generalizes to other similar 

objects, contexts, or situations (Fraunfelter et al., 2022). 

Additionally, Seligman (1970, 1971) introduced the concept of biological 

preparedness, arguing that humans are evolutionarily predisposed to rapidly learn fears 

of stimuli that pose a threat in ancestral environments, e.g., snakes, spiders, or heights. 

Instead of believing that all stimuli and responses have equal potential for associative 
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learning, Seligman (1970, 1971) proposed that associative learning is continuous, ranging 

from instinctual, through prepared and unprepared, to contra-prepared learning. However, 

biological preparedness models have been criticized for their limitations, particularly for 

neglecting ontogenetic and cultural influences and for overemphasizing evolutionary 

explanations at the expense of environmental and learning factors (Davey, 2002, 2007; 

Mallan et al., 2013; McNally, 1987). While the two-factor theory has since been expanded 

by alternative pathways (e.g., vicarious or instructed learning) (Craske et al., 2009; King 

et al., 1998; Rachman, 1977; Waters & Craske, 2016), research has increasingly 

questioned whether associative learning is a possible, necessary, or sufficient cause of 

anxiety- and stress-related disorders, and whether it can, on its own, account for the 

substantial individual differences observed in fear and safety learning processes (De 

Houwer, 2020). 

According to the framework of the diathesis-stress model, the development and 

maintenance of anxiety- and stress-related disorders cannot be explained by associative 

learning experiences alone. Rather, predisposing factors need to be taken into account, 

including genetic, biological, environmental, and personality-related influences that 

shape the vulnerability to developing pathological fear and anxiety (Fraunfelter et al., 

2022; Pittig et al., 2018; Uher & Zwicker, 2017). For example, not every individual with 

pathological fear or anxiety recalls a relevant conditioning event, nor does every 

individual who experiences a trauma develop PTSD (Kessler et al., 2017; Liu et al., 2017). 

This indicates that the development of anxiety- and stress-related disorders is thought to 

have multifactorial causes, including genetic, neurobiological, cognitive, learning-based, 

and environmental factors (Engelhard et al., 2008; Rachman, 1977; Vervliet & Boddez, 

2020). Associative learning is likely to play a part, but is certainly neither necessary nor 

sufficient, nor the only possible cause (Mineka & Zinbarg, 2006). Therefore, further 

investigating fear and safety learning processes and possible moderators represents a 

crucial translational approach, bridging basic experimental research and clinical practice 

by identifying mechanisms that underlie both the emergence and maintenance of anxiety-

related psychopathology (e.g., De Houwer, 2020). 

1.2 Anxiety- and Stress-Related Disorders 

Anxiety- and stress-related disorders are characterized by an elevated sensitivity 

to threat (Craske et al., 2009) with prototypical symptoms of fear (i.e., fight-or-flight 
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response, physiological arousal, and thoughts of immediate danger) as well as of anxiety 

(i.e., avoidance behavior, heightened tension, and anticipation of future threat). Moreover, 

they are the most prevalent mental health disorders worldwide (Kessler et al., 2005). For 

example, the 12-month prevalence internationally for OCD is estimated to be 1.1ï1.8%, 

for social anxiety disorder (SAD) 2.3%, and for SP 6% (American Psychiatric 

Association, 2013). Furthermore, anxiety- and stress-related disorders compromise not 

only overall quality of life, but also carry substantial socioeconomic costs (Konnopka & 

König, 2020; Rehm & Shield, 2019). 

In the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders 

(DSM-IV), anxiety disorders, OCD, and PTSD were grouped together under the category 

of ñAnxiety Disordersò (American Psychiatric Association, 2000), emphasizing their 

shared features. However, in the fifth and currently used edition (DSM-5), these 

conditions were separated into three distinct chapters: (1) Anxiety Disorders, (2) 

Obsessive-Compulsive and Related Disorders, and (3) Trauma- and Stressor-Related 

Disorders (American Psychiatric Association, 2013). Despite this nosological separation, 

these disorders share core characteristics, including exaggerated threat estimation, 

heightened emotional reactivity, and avoidance behavior. In fact, while OCD is not 

classified as an anxiety disorder anymore, a central feature of the disorder is severe 

distress and heightened experiences of fear as well as similar anxiety levels as in anxiety 

disorders (Citkowska-Kisielewska et al., 2019). Thus, the two chapters on anxiety and 

obsessive-compulsive and related disorders follow each other in the DSM-5, emphasizing 

their close relationship. Nevertheless, distinct underlying mechanisms and symptom 

profiles can be identified. The transition from the DSM-IV to DSM-5 alongside the 

nosological separation has been supported by some authors (e.g., Bartz & Hollander, 

2006; Phillips et al., 2010), whereas others argued against it (e.g., Bienvenu et al., 2012; 

Stein et al., 2010). At the same time, it has been emphasized that further investigation is 

needed before reaching a definitive conclusion, or alternatively, a broader overarching 

category encompassing anxiety and obsessive-compulsive spectrum disorders has been 

suggested (Bienvenu et al., 2012; Hollander et al., 2008; Stein et al., 2010). Of note, 

within the categorical diagnostic system of the DSM-5, several challenges arise, including 

heterogeneity, artificial dichotomization, high comorbidity, and limited reliability 

(Cooper et al., 2024; Forbes et al., 2024; Kessler et al., 2005). To address these challenges, 

dimensional frameworks have been proposed, such as the Hierarchical Taxonomy of 
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Psychopathology (HiTOP; Kotov et al., 2017) and the Research Domain Criteria (RDoC) 

project (Cuthbert, 2022; Insel et al., 2010) that suggest dimensional and transdiagnostic 

processes. This topic will be revisited in detail in subchapter 1.3, Transdiagnostic 

Approaches of Psychopathology. 

In the present dissertation, anxiety-related psychopathology in general, as well as 

OCD, SAD, and SP specifically, will be examined. Thus, given the shared yet distinct 

features of these three disorders, the following sections will provide an overview of the 

diagnostic criteria and evidence-based treatment approaches for OCD, SAD, and SP 

according to the DSM-5 (American Psychiatric Association, 2013). 

1.2.1 Anxiety Disorders 

All anxiety disorders listed in the according chapter of the DSM-5 share the 

feature of excessive fear or anxiety accompanied by related behavioral disturbances 

(American Psychiatric Association, 2013). Fear and anxiety reactions in anxiety disorders 

are more intense or last longer than would be expected for the respective developmental 

level. A majority of anxiety disorders have an early onset during childhood and ï if not 

treated ï tend to persist. Anxiety disorders are different in terms of what object or 

situation causes the fear, anxiety, or avoidance behavior and the associated cognitive 

processes. The following anxiety disorders are listed in the according chapter of the  

DSM-5: Separation anxiety, selective mutism, SAD, SP, PD, Agoraphobia, GAD, and 

Substance-/medication induced anxiety disorder. As outlined above, SAD and SP are of 

particular importance for the present dissertation and will, therefore, be described in more 

detail. 

1.2.1.1 Social Anxiety Disorder 

Individuals with SAD are fearful or anxious about or avoidant of social 

interactions and situations that involve the possibility of being scrutinized (American 

Psychiatric Association, 2013). Common feared social interactions of SAD are meeting 

unfamiliar people, situations in which the individual may be observed eating or drinking, 

and situations in which the individual performs in front of others. A subtype of SAD is 

the performance only type. Here, individuals have performance fear that is typically most 

impairing in their professional, school, or academic lives, or in roles that require regular 

public speaking. The social situations almost always provoke fear or anxiety and when 

exposed to such, the cognitive ideation in SAD includes being negatively evaluated by 
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others, being embarrassed, humiliated, or rejected by others, or offending others. SAD is 

associated with elevated rates of school dropout and with decreased well-being, 

employment, workplace productivity, socioeconomic status, quality of life, as well as 

social impairment (American Psychiatric Association, 2013). Common comorbid 

disorders in SAD include other anxiety disorders, mood disorders, substance use 

disorders, body dysmorphic disorders, and avoidant personality disorder (Koyuncu et al., 

2019). 

First-line treatment is cognitive-behavioral therapy (CBT) with empirically based 

manuals and a personalized treatment approach, considering the severity of the disorder, 

patient preferences, and the availability of treatment resources. In regards of SAD, CBT 

typically incorporates exposure therapy as a central component (Chesham et al., 2018). 

Pharmacotherapy with selective serotonin reuptake inhibitors or serotonin-

norepinephrine reuptake inhibitors is also considered a first-line treatment option, 

particularly for patients who prefer medication or when psychotherapy is not available or 

appropriate (Bandelow et al., 2021). 

1.2.1.2 Specific Phobia 

SP is characterized by fear or anxiety about or avoidance of circumscribed objects 

or situations that are always immediately induced when confronted with the phobic object 

or situation, to a degree or intensity that is out of proportion to the actual threat posed. 

Various types of SP can be diagnosed, i.e., animal (e.g., spiders, insects, dogs), natural 

environment (e.g., heights, storms, water), blood-injection-injury (e.g., needles, invasive 

medical procedures), situational (airplanes, elevators, enclosed places), and other 

situations (e.g., situations that may lead to vomiting or choking, costumed characters) 

(American Psychiatric Association, 2013). Despite their tendency to overestimate the 

actual danger, cognitive ideation does not play a role in SP as individuals with SP often 

recognize that their reactions are disproportionate. When exposure to the feared object or 

situation is anticipated or takes place, an increase in physiological arousal is typically 

experienced (e.g., sympathetic nervous system arousal in animal specific phobia or 

vasovagal fainting in blood-injection-injury specific phobia) (American Psychiatric 

Association, 2013). Comorbidity rates are high among individuals with SP and they are 

at an increased risk for other anxiety disorders, mood disorders, substance use disorders, 
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somatic symptom and related disorders, and dependent personality disorder (Eaton et al., 

2018). 

For SP, first-line treatment is CBT with exposure therapy. If in-vivo exposure is 

not possible or available, a virtual reality exposure therapy should be offered when 

available. Medication is not indicated (Bandelow et al., 2021). 

1.2.2 Obsessive-Compulsive Disorder 

OCD is a disabling and often chronic mental disorder characterized by 

heterogenous obsessions and compulsions with an onset typically during late 

adolescence. Obsessions encompass recurrent and persistent thoughts, impulses, or 

images that are experienced as unwanted and intrusive, causing severe distress or anxiety. 

Compulsions are repetitive behaviors or mental acts that individuals feel driven to 

perform, often in response to an obsession in order to reduce or neutralize the triggered 

distress (American Psychiatric Association, 2013). However, compulsions are either 

excessive or not realistically connected to the feared event and, thus, are not done for 

pleasure, despite some individuals experiencing relief from anxiety or distress. In order 

to qualify as psychopathological, obsessions and compulsions are required to be time-

consuming or cause clinically significant distress or impairment. While heterogeneity of 

the specific content of obsessions and compulsions is high, certain domains are common, 

including cleaning (e.g., contamination obsession and cleaning compulsion), symmetry 

(e.g., symmetry obsession and repeating, ordering, and counting compulsions), forbidden 

and taboo thoughts (e.g., aggressive, sexual, and religious obsessions and related 

compulsions), and harm (e.g., fears of harm to oneself or others and related checking 

compulsions). Notably, individuals frequently exhibit symptoms of more than one 

domain (American Psychiatric Association, 2013). 

When confronted with situations that trigger obsessions or compulsions, 

individuals experience a range of strong affective responses, including fear, anxiety, 

disgust, or a distressing sense of ñincompletenessò. Avoidance (e.g., of people, places, 

and things that can trigger obsessions or compulsions) is frequently observed to prevent 

obsessive thoughts or compulsive behavior. Commonly, individuals with OCD maintain 

a fair degree of insight into the irrational nature of their beliefs, however, they also hold 

dysfunctional beliefs, relating to an inflated sense of responsibility, a tendency to 

overestimate threat, or perfectionistic standards. If untreated, OCD is usually chronic, 
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with symptoms fluctuating over time (American Psychiatric Association, 2013). Most 

individuals with OCD have comorbid disorders, the most frequent ones being anxiety or 

mood disorders, especially, major depressive disorder (MDD) (Brakoulias et al., 2017). 

First-line treatment is CBT with exposure and response prevention specifically 

tailored for OCD. Simultaneous pharmacotherapy with selective serotonin reuptake 

inhibitors is also well-evidenced for severe cases of OCD. However, medication alone is 

recommended only if CBT (including exposure and response prevention) is declined, 

unavailable, or not feasible (Voderholzer et al., 2022). 

1.2.3 Comorbid Depression in Anxiety- and Stress-Related Disorders 

As outlined above, individuals with SAD, SP, and OCD share several core 

features, including heightened fear and/or anxiety, significant functional impairment, 

elevated rates of comorbidity, and strong evidence for exposure-based CBT as a first-line 

treatment (Bandelow et al., 2021; Voderholzer et al., 2022). At the same time, these 

disorders differ with respect to the primary source of fear, the nature and intensity of 

physiological arousal, typical age of onset, and characteristic behavioral responses, such 

as avoidance in SAD and SP versus the combination of avoidance and compulsions in 

OCD (American Psychiatric Association, 2013). Importantly, these shared vulnerabilities 

and impairments also contribute to the high burden of comorbid conditions, most notably 

depressive disorders (i.e., MDD, dysthymia), which are highly prevalent not only in SAD, 

SP, and OCD, but in anxiety- and stress-related disorders in general (Kessler et al., 2005, 

2012; Rosenberg et al., 2024b; Saha et al., 2021). In fact, anxiety disorders were found to 

be a strong risk factor for depression, linked to a more malignant course (Beesdo et al., 

2007; Meier et al., 2015), and there are recommendations for collapsing mood, anxiety 

disorders, and OCD into a collective class of internalizing disorders (Watson, 2005). Due 

to the strong association of anxiety- and stress-related disorders with depressive disorders, 

Clark and Watson (1991) proposed the tripartite model that represents the shared and 

unique factors of these disorders using three factors: negative affect, positive affect, and 

physiological hyperarousal. However, the tripartite model does not sufficiently recognize 

the heterogeneity within anxiety- and stress-related disorders (Brown et al., 1998). 

Further, anxiety- and stress-related disorders are not only differentially related to 

depressive disorders but to one another as well (Kessler et al., 2005). Given the high 

comorbidity and substantial symptom overlap between anxiety- and stress-related 
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disorders and depression, current evidence does not yet clarify whether alterations in 

cognitive-affective mechanisms are disorder-specific or transdiagnostic features common 

to multiple conditions (Craske et al., 2009). 

1.2.4 Unaffected Individuals at Elevated Risk for Anxiety-Related 

Psychopathology 

In order to gain a better understanding of the development of anxiety-related 

psychopathology, it is important to investigate unaffected individuals that are at elevated 

risk of developing such psychopathology. Examining these at-risk groups provides a 

critical link between normative emotional functioning and the emergence of clinically 

significant anxiety (Sep et al., 2019). Populations with heightened vulnerability not only 

advance our theoretical understanding of the etiological mechanisms underlying anxiety- 

and stress-related disorders but also offer valuable insights for the development of 

targeted prevention and early intervention strategies aimed at reducing their onset and 

persistence. There are a number of predisposing traits and environmental factors that 

increase the vulnerability to develop anxiety- and stress-related disorders including 

stressful life events, genetic heritability, or learning experiences (Mineka & Zinbarg, 

2006; Sep et al., 2019; Sharma et al., 2016). According to twin studies, the estimated 

heritability ranges around 30ï50% for anxiety disorders and 50% for OCD (Browne et 

al., 2014; Hettema et al., 2001; Mataix-Cols et al., 2013; Meier & Deckert, 2019). In the 

present dissertation, the examined populations at elevated risk include first-degree 

relatives of individuals with OCD and individuals who have experienced adverse 

childhood experiences (ACEs). Accordingly, the theoretical background focuses 

exclusively on these two populations as illustrative examples of elevated risk for anxiety-

related psychopathology, whereas other potential risk factors are not examined and are 

therefore not addressed. 

Examining first-degree relatives of individuals with OCD offers insights into 

mechanisms of familial vulnerability. Of note, familial vulnerability may reflect both 

genetic risk factors and environmental influences, including socioeconomic status, 

perinatal stress or complications, and observational learning (Berman et al., 2018; 

Brander et al., 2016; Macul Ferreira De Barros et al., 2021). As outlined above, OCD has 

a twin-based heritability estimated to be around 50% (Browne et al., 2014; Mataix-Cols 

et al., 2013). Moreover, according to a recent meta-analysis, OCD was 7.2 times more 
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frequent in OCD families compared to controls, indicating a considerably increased risk 

for first-degree relatives of individuals with OCD (Blanco-Vieira et al., 2023). Multiple 

factors contribute to the development of OCD, however, given the moderate to strong 

heritability estimates, genetic influences appear to play an important, though not 

exclusive, role in conferring risk. 

Another important mental-health related risk factor are ACEs. About 60% of the 

population experience at least one and about 16% even experience four or more ACEs in 

their childhood (Madigan et al., 2023). ACEs are defined as experiences that place 

considerable adaptive demands on a child and deviate from the boundaries of a typical or 

expected developmental environment (McLaughlin, 2016). This definition covers a wide 

range of experiences, including sexual, physical, and emotional abuse as well as physical 

and emotional neglect, witnessing domestic violence, peer victimization, and institutional 

rearing (Anda et al., 2006; McLaughlin et al., 2016). Research shows that experiencing 

ACEs represents a risk factor for the development of various health conditions including 

psychopathological conditions such as depression, anxiety disorders, and drug abuse 

(e.g., Anda et al., 2006; Felitti, 2002; Hughes et al., 2021; Madigan et al., 2023; 

McLaughlin, 2016). More specifically, while anxiety and depressive disorders show 

approximately a twofold increase in odds, drug abuse exhibits substantially higher risk 

estimates, with odds ratios increasing in a dose-dependent manner and reaching values 

above 5 for problematic alcohol use and above 10 for problematic drug use (Hughes et 

al., 2017; Sahle et al., 2022). 

1.3 Transdiagnostic Approaches of Psychopathology 

Within the categorical system of mental disorders, including DSM categories, 

challenges of heterogeneity, artificial dichotomization, comorbidity, and reliability need 

to be considered when conducting research with individuals with anxiety- and stress-

related disorders (Cooper et al., 2024; Forbes et al., 2024; Kessler et al., 2005). 

Heterogeneity arises from arbitrary thresholds for a diagnosis and the polythetic 

definition that most mental disorders follow (Lonsdorf & Richter, 2017). This can lead to 

large between-person variation within symptom profiles, i.e., two individuals with the 

same diagnosis can endorse entirely different symptoms (Cooper et al., 2024; Forbes et 

al., 2024; Galatzer-Levy & Bryant, 2013). This implies that patient-control designs often 

group individuals who might actually show a severely different pattern in their symptoms 
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(Cooper et al., 2024). Research has established that psychopathology is in fact 

dimensional in nature and not dichotomous (Markon et al., 2011). However, categorical 

classification artificially bifurcates this, which leads to information loss (Cooper et al., 

2024) and, further, to decreased variance in experiments. The co-occurrence of multiple 

disorders, i.e., comorbidity, is very common in anxiety- and stress-related disorders 

(Kotov et al., 2017, 2021; Watson et al., 2022). Excluding individuals with comorbid 

disorders in experimental paradigms decreases external validity, while including them 

creates additional uncertainty around the underlying mechanisms as the comorbid 

disorders are likely to present an unaccounted-for confounding factor (Cooper et al., 

2024; Wurst et al., 2021). Lastly, in contrast to dimensional approaches, many DSM-5 

disorders show relatively poor reliability (Cooper et al., 2024). Consequently, in order to 

address these challenges among distinct disorder categories, dimensional frameworks like 

the HiTOP (Kotov et al., 2017, 2021) or the RDoC (Cuthbert, 2022; Insel et al., 2010) 

project have been suggested.  

In the HiTOP model, highly correlated clinical variables are organized into a 

hierarchical structure of increasingly broad dimensions: signs and symptoms (e.g., 

hypervigilance to threat), homogeneous symptom components (e.g., anxious arousal), 

syndromes (e.g., posttraumatic responses), subfactors (e.g., distress and fear), spectra 

(e.g., internalizing), and ultimately superspectra (e.g., general factor of psychopathology) 

(Cooper et al., 2024; Kotov et al., 2017; Watson et al., 2022). Currently, six higher order 

spectra are distinguished within the HiTOP model: somatoform, internalizing, thought 

disorder, detachment, disinhibited externalizing, and antagonistic externalizing. Anxiety-

related psychopathology is reflected in the internalizing spectrum, where the subfactor 

distress includes pervasive negative emotionality (e.g., GAD and PTSD, but also MDD 

and dysthymia), whereas the subfactor fear reflects more circumscribed, situation-

specific forms of distress and avoidance behavior (e.g., SAD, SP, PD, agoraphobia, and 

OCD) (Watson et al., 2022). Noteworthy, the model incorporates a broad range of 

symptoms as well as maladaptive trait and behavior scales to provide more precise 

assessments than traditional stand-alone scales (Watson et al., 2022). Here, heterogeneity 

is inherent to the theoretical and statistical underpinnings of the model and, therefore, not 

a limitation (Cooper et al., 2024). 

The RDoC project is a collection of neurobehavioral dimensions and 

operationalizations that cover the full range of psychopathology (Cooper et al., 2024), 
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while emphasizing a multimodal approach to delineate links between neurobiological 

measures, clinical behaviors, and trait factors (Insel et al., 2010; Marin et al., 2020). 

Irrespective of categorical diagnoses, the RDoC project aims to identify biological 

markers underlying disease processes (Marin et al., 2020). The functional dimensions are 

negative valence, positive valence, cognitive systems, social processes, sensorimotor 

systems, and arousal/modulatory systems (Insel et al., 2010; Lonsdorf & Richter, 2017). 

The domains represent broad traits that can be divided into several distinct but correlated 

facets (Watson et al., 2022). Within this framework, the negative valence system 

encompasses constructs such as acute, potential, and sustained threat (Lonsdorf & 

Richter, 2017). Although currently listed only under the acute threat construct of the 

negative valence system, it is argued that fear learning engages mechanisms that extend 

beyond a single RDoC domain, drawing heavily on both negative valence and cognitive 

systems, representing the integrated outcome of multiple intertwined biopsychological 

processes, including learning, consolidation, retrieval, attention, and cognition (Lonsdorf 

& Richter, 2017). 

Taken together, both frameworks recognize the above-described limitations 

within the categorical system of mental disorders and emphasize the need for a more 

dimensional approach to psychopathology (Michelini et al., 2021). HiTOP focuses on 

signs, symptoms, diagnoses, and maladaptive behaviors, primarily being based on 

descriptions of clinical phenomena (i.e., assessments through clinical interviews, 

observer-, and self-reports), while not focusing on the underlying mechanisms (Kotov et 

al., 2017; Michelini et al., 2021). In contrast, the RDoC framework spans from genes to 

brain to behavior, having a particular emphasis on neurobiological mechanisms but has 

limited application in clinical practice (Clark et al., 2017; Kozak & Cuthbert, 2016; 

Michelini et al., 2021). Therefore, leveraging the complementary strengths of both 

frameworks may advance transdiagnostic research by linking neurobiological 

mechanisms to psychometrically robust, clinically relevant dimensions of 

psychopathology (Davis et al., 2025). 

1.4 Fear Conditioning 

Given the central role of maladaptive fear and safety learning processes in anxiety-

related psychopathology, experimental paradigms that allow the controlled investigation 

of these mechanisms are of particular importance. One of the most established approaches 
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in this regard is differential Pavlovian fear conditioning, which provides an insightful 

framework to study emotional learning and memory (Beckers et al., 2023; Lonsdorf et 

al., 2017; Pavlov, 1927). While no laboratory model alone has the ability to capture the 

complex phenomenology of anxiety-related psychopathology (Bienvenu et al., 2021), 

Pavlovian fear conditioning meets criteria for construct validity, face validity, and 

predictive validity (Beckers et al., 2023). Moreover, yielding a strong conceptual 

backbone and offering the possibility to manipulate stimuli, contexts, and contingencies, 

it serves as a valuable translational model bridging not only specific mechanisms in 

rodents and functions in humans, but also experimental and clinical research (Haaker et 

al., 2019; Lonsdorf et al., 2017; Pittig et al., 2018; Vervliet et al., 2013). 

1.4.1 Differential Fear Conditioning Paradigms 

Differential fear conditioning paradigms (see Figure 1 for an exemplary 

illustration) typically consist of various phases, with the most commonly examined 

phases being fear acquisition and fear extinction (Lonsdorf & Richter, 2017). During fear 

acquisition, a conditioned stimulus (CS+) is paired with an unconditioned, aversive 

stimulus (US; e.g., electrotactile stimulation, loud noise). This pairing represents the 

process of fear learning, usually resulting in a conditioned response (CR) to the CS+ 

(Finke et al., 2021; Lonsdorf & Merz, 2017; Pavlov, 1927). Observation of a CR (i.e., 

defensive responses such as activation of the autonomic nervous system and fight-or-

flight response) is commonly treated as evidence that the association of the CS+ with the 

US has been established (Ojala & Bach, 2020). A different stimulus that is never paired 

with the US (CS-) serves as a safety cue (Duits et al., 2015; Fyer et al., 2020). Therefore, 

differential fear conditioning involves not only excitatory learning to the CS+, but also 

inhibitory learning to the CS- (Lonsdorf et al., 2017). 

Fear extinction, on the other hand, describes the subsequent process of presenting 

the CS+ in absence of the US, which should result in extinction learning, i.e., learning 

that a stimulus previously perceived as dangerous is not dangerous anymore (Lonsdorf & 

Merz, 2017). This extinction learning requires a sufficient number of trials and is thought 

to occur gradually over time (Lonsdorf et al., 2019). Research suggests that during fear 

extinction, the original conditioned fear memory trace is not merely erased, but a 

competing extinction memory trace is formed that inhibits the original fear memory 

(Bouton, 2004; Myers & Davis, 2007; Wong & Lovibond, 2020). This learning process 
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is assumed to be driven, at least partially, by expectancy violations, i.e., prediction errors, 

that occur during the omission of the US and might be highest at the beginning of fear 

extinction where the US is expected the strongest (Lange et al., 2020). Further, fear 

conditioning paradigms vary in whether immediate or delayed extinction is employed. 

While immediate extinction refers to extinction learning following the acquisition phase 

immediately without pause, delayed extinction learning takes place including an 

acquisition-to-extinction delay (e.g., 24 hours later) (Myers et al., 2006). Delayed 

extinction allows for fear memory consolidation and is ecologically more valid, while 

immediate extinction protocols are often easier to implement and more economical 

(Lonsdorf et al., 2017).  

Nowadays, additional phases like retention tests or fear generalization have 

received increasing attention as both phases have been shown to provide essential 

information that can help capturing the complexity of fear and safety learning processes 

better (Cooper et al., 2022; Lonsdorf et al., 2019). Retention tests describe the response 

to the re-exposure to the CS+ post extinction (Lonsdorf et al., 2019). Here, it is examined 

which of the memory traces, i.e., the fear memory trace or the extinction memory trace, 

is more dominant (Lonsdorf et al., 2019). The dominance of one of the respective memory 

traces can further be defined as either return of fear (RoF) or recall of extinction. Specific 

experimental manipulations can be used in order to examine RoF, such as a fear renewal 

(i.e., presenting the CS+ in a different context than during acquisition) or a reinstatement 

(i.e., re-exposure to the US without CS presentation) (Lonsdorf & Merz, 2017). If no 

experimental manipulation takes place prior to a retention test, spontaneous recovery is 

examined (Lonsdorf & Merz, 2017). Performance during a RoF phase is considered to 

indicate the relative strength of the fear memory versus the extinction memory 

(Klingelhöfer-Jens et al., 2022), more specifically, when the inhibitory extinction 

memory is unable to compete with the original fear memory, conditioned fear returns 

(Wong & Lovibond, 2020). 

Lastly, fear generalization refers to the process of applying previously acquired 

fear associations and responses to perceptually or semantically similar stimuli, i.e., 

generalization stimuli (GS) (Dymond et al., 2015; Fraunfelter et al., 2022; Lissek et al., 

2008). These GS are never paired with the US (Cooper et al., 2022). Thus, the aim of 

generalization phases is to examine how strongly participants transfer fear from the CS+ 

to different safety cues that resemble the CS+ to different degrees (Dymond et al., 2015; 
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Lonsdorf et al., 2017). Of note, fear generalization has been observed across various 

stimulus characteristics, including physical similarity (e.g., Dunsmoor & LaBar, 2013; 

Norrholm et al., 2014), semantic relatedness (Boyle et al., 2016), interoceptive similarity 

(Schroijen et al., 2015), categorical similarity (Dunsmoor et al., 2011; Vervoort et al., 

2014), as well as across different sensory modalities (Gerdes et al., 2020), and between 

different contexts (Andreatta et al., 2015; McGlade et al., 2019). However, observing a 

response to GS does not automatically imply that fear generalization processes have taken 

place. In fact, other processes, such as reduced discriminability of perceptually similar 

stimuli, may play a role when it comes to responses towards GS (Fraunfelter et al., 2022). 

 
Figure 1. Exemplary illustration of an experimental fear conditioning paradigm to investigate fear 

acquisition, fear generalization, fear extinction, and a return of fear (RoF) phase following a reinstatement. 

During acquisition, the conditioned stimulus (CS+) is repeatedly followed by an aversive, unconditioned 

stimulus (US), whereas the safety stimulus (CS-) is never followed by the US. During generalization, 

additional stimuli varying in their perceptual or semantical similarity to the CS+ (GS1, GS2) are presented 

but never followed by the US. During extinction, the CS+ and CS- are presented but no US is applied. 

Following the extinction phase, RoF phases can be applied to measure the strength of the fear versus the 

extinction memory. Prior to the RoF, a reinstatement can be applied (i.e., presenting the US without CS 

presentation) to examine RoF responses. Between the offset and onset of the CS and GS, an inter-trial 

interval (ITI) is presented. 
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Of note, there is a lot of methodological heterogeneity within fear conditioning 

research that needs to be considered as it might contribute to non-replicability across 

studies (Lonsdorf et al., 2017). Fear conditioning paradigms vary in multiple variables, 

for instance, number, presentation duration, and type of CS, US reinforcement rate, 

phases included, and the instructions provided to participants (Bach et al., 2023). These 

methodological choices often depend on the specific research question, the population 

under investigation, and the outcome measures employed, as each of these factors can 

shape the expression and interpretation of fear and safety learning processes (Ojala & 

Bach, 2020). 

1.4.2 Brain Networks Supporting Fear Conditioning Mechanisms 

Identifying the brain networks that support fear conditioning has the potential to 

provide crucial insight into the mechanisms underlying pathological fear. Emerging 

evidence reveals a coherent neuroanatomical pattern associated with fear conditioning 

which suggests that underlying mechanisms are supported by an interconnected network 

of brain regions rather than isolated structures. During fear acquisition, robust activations 

in the anterior insula, ventral striatum, (pre-)supplementary motor areas, dorsal anterior 

cingulate cortex, and dorsolateral prefrontal cortex have been reported, along with 

subcortical regions such as the thalamus and basal ganglia (Fullana et al., 2016; Poplin et 

al., 2024; Radua et al., 2025). While the central extended amygdala has been assumed to 

integrate threat-relevant information (Fox & Shackman, 2019), recent findings on 

amygdala activity during fear acquisition have been less robust. In particular, meta-

analytic evidence suggests that amygdala activation is most consistently observed only 

during early acquisition trials (Radua et al., 2025). Extinction learning and recall have 

been found to depend critically on top-down regulation of the amygdala by the 

ventromedial prefrontal cortex (vmPFC) and hippocampus (Craske et al., 2009; Phelps, 

2004), with the vmPFC showing increasing engagement across extinction learning and 

playing a central role in retrieving extinction memory (Herry & Garcia, 2003; Lange et 

al., 2020; Milad & Quirk, 2012). Additional contributions come from regions mediating 

prediction error (e.g., periaqueductal gray) and threat signaling (e.g., insula), while 

contextual modulation of extinction seems to depend on the hippocampus-vmPFC 

interaction (Pittig et al., 2018; Roy et al., 2014; Sehlmeyer et al., 2009). Lastly, fear 

generalization appears to rely on fast subcortical responding (e.g., thalamus, amygdala, 
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locus coeruleus, insula, nucleus reuniens) and the medial prefrontal cortex, coupled with 

hippocampal pattern-completion processes that cause novel but similar cues to be treated 

as the original threat (Cooper et al., 2024; Dunsmoor & Paz, 2015; Onat & Büchel, 2015). 

In sum, studies on human fear conditioning processes generally point to a core fear 

network centered around the regions described above, yet this pattern is not consistently 

observed, and substantial methodological heterogeneity likely contributes to these 

discrepancies (Radua et al., 2025; Sehlmeyer et al., 2009). 

1.4.3 Outcome Measures of Fear Conditioning 

To date, fear and safety learning processes of differential fear conditioning in 

humans have been examined using various outcome measures. These include behavioral 

data in forms of cognitive evaluation and affect ratings, psychophysiological responses, 

and neurobiological correlates (Lonsdorf et al., 2017; Ojala & Bach, 2020). The outcome 

measures most commonly used are subjective ratings of US expectancy and affect as well 

as electrodermal activity (EDA) measured as skin conductance response (SCR) and the 

fear-potentiated startle (FPS) (Lonsdorf & Merz, 2017; Ojala & Bach, 2020). More 

recently, heart rate, pupillary responses, event-related potentials (ERPs), and functional 

neuroimaging have also been examined increasingly (Lonsdorf & Merz, 2017; Ojala & 

Bach, 2020). Outcome measures of particular relevance in the present dissertation 

associated with fear conditioning include subjective ratings, FPS, SCR, and the late 

positive potential (LPP). Therefore, these outcome measures will be described and 

defined in detail. 

Subjective ratings can encompass both cognitive and affective components 

(Lonsdorf et al., 2017; Wake et al., 2024). During fear conditioning paradigms, ratings 

can be provided after each trial, intermittently (i.e., after blocks of trials), or 

retrospectively (i.e., at the end of the paradigm) (Lonsdorf et al., 2017). The timing and 

frequency of ratings needs to be considered carefully. For example, trial-by-trial ratings 

offer advantages for modelling learning rates, however, they might also interfere with 

learning processes, whereas retrospective ratings may underestimate the actual subjective 

assessment (Lonsdorf et al., 2017; Schiller et al., 2010; Sjouwerman et al., 2016). An 

example for a cognitive evaluation rating is contingency awareness, which refers to the 

ability to discriminate between the CS+ and the CS- (e.g., US expectancy ratings) 

(Boddez et al., 2013). US expectancy ratings are most commonly used within fear 
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conditioning paradigms and can be effectively used to enhance understanding of fear and 

safety learning. However, fear itself may not merely be reflected by the expectation of an 

aversive outcome, but rather by the anticipation of an aversive event perceived as 

exceeding oneôs coping capacity (Boddez et al., 2013). Therefore, affective ratings could 

provide valuable complementary information, capturing distinct emotional aspects of 

fear. Affect ratings include evaluation of valence, arousal, fear, or distress (Bradley & 

Lang, 1994; Lonsdorf et al., 2017). In fact, it is argued that verbal self-report of fear is 

the best way to assess conscious subjective emotional experiences (LeDoux & Hofmann, 

2018). 

Another key component of fear learning is defensive responding, which is often 

assessed through the startle reflex, particularly the startle eyeblink response, the most 

reliable and rapid index of this reflex (Blumenthal et al., 2005; Lang et al., 1990). This 

startle eyeblink response can be measured with electromyography at the orbicularis oculi 

muscle and triggered by auditory startle probes (Blumenthal et al., 2005; Lissek et al., 

2005). The FPS reflects an enhancement of the startle reflex in the presence of a threat 

compared to a non-threatening situation (Hamm & Vaitl, 1996; Lipp et al., 1994; 

Lonsdorf et al., 2017). It therefore provides a robust physiological index of fear learning 

processes, with stronger startle responses typically being observed to the CS+ compared 

to the CS- (e.g., Lissek et al., 2008). Further, it is affected by various individual and 

situational factors, including attention and arousal (e.g., Grillon & Baas, 2003; Lang et 

al., 1990; Vanman et al., 1996). 

EDA is the general term used to refer to autonomic changes in electrical properties 

of the skin that are mediated by autonomic changes (Greco et al., 2016). As one of the 

earliest physiological indices of CR (Steckle, 1933), EDA continues to be widely used in 

contemporary research (Boucsein et al., 2012). A common measure of phasic EDA is the 

SCR, which is a stimulus-locked and fast-changing component reflecting autonomic 

arousal through sympathetic nervous system activation and associated sweat gland 

activity (Dawson et al., 2017; Lykken & Venables, 1971). Assessing levels of arousal 

associated with emotional and cognitive processes (Greco et al., 2016; Lang et al., 1990; 

Lipp et al., 1994) in the context of fear conditioning, SCRs are generally higher in 

response to the CS+ compared to the CS- and are elevated during fear acquisition relative 

to extinction (Boucsein et al., 2012; Hamm & Weike, 2005; Vervliet et al., 2013). SCR 

shows considerable inter-individual variability and may exhibit habituation effects after 
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a few trials (e.g., Codispoti et al., 2006; Lonsdorf & Merz, 2017; Ojala & Bach, 2020). 

Nevertheless, SCR has been widely used in previous studies as a reliable index of 

autonomic arousal during fear conditioning. 

Lastly, ERPs are voltage fluctuations measured with electroencephalography 

(EEG) that are time-locked to specific sensory, cognitive, or motor events, reflecting 

electrocortical correlates of these stimuli and related attention processes (Luck, 2014; 

Öhman et al., 2001). Regarding the processing of fear-relevant stimuli and related 

processes, the LPP as a sustained slow wave ERP component has been investigated. The 

LPP begins 300 ms after stimulus onset and is most prominent over centroparietal areas 

(e.g., MacNamara & Hajcak, 2010). It is a positive deflection that is larger following the 

presentation of emotional stimuli compared to neutral ones and is therefore assumed to 

measure sustained attention to emotionally salient and motivationally relevant content 

(e.g., Cuthbert et al., 2000; Hajcak et al., 2012; MacNamara & Hajcak, 2010). The LPP 

has been used as a reliable index for fear conditioning processes, typically evidenced by 

elevated responses to the CS+ compared to the CS- during acquisition, heightened 

responding to similar stimuli during generalization, and progressive reductions during 

extinction (e.g., Bacigalupo & Luck, 2017; Bruchmann et al., 2021; Klein et al., 2024). 

While sometimes argued as stemming from a single underlying learning system 

(e.g., Lipp & Purkis, 2005; Lovibond, 2004; Lovibond & Shanks, 2002), it is assumed 

that outcome measures used in fear conditioning paradigms differ in functional, neural, 

cognitive, and methodological aspects (Ojala & Bach, 2020). The dual-process account 

of fear learning (Hamm & Vaitl, 1996; Hamm & Weike, 2005; LeDoux & Pine, 2016; 

Sevenster et al., 2012a) proposes that distinct yet interacting learning systems underlie 

conditioned fear responses. It distinguishes between a rapid, automatic system 

responsible for reflexive and physiological reactions (e.g., FPS) and a slower, cognitively 

controlled system involved in the conscious evaluation of threat and safety (i.e., 

subjective ratings of US expectancy or fear) (Bradley et al., 2008; Zhang et al., 2016). 

Consequently, fear learning is assumed to rely on separate underlying processes that are 

not necessarily expected to converge (Flasinski et al., 2025; Lonsdorf et al., 2017). In 

accordance with this theory, the FPS is a specific measure of an affective (i.e., fear) 

learning process, whereas US expectancy and SCR supposedly provide an index of 

contingency learning processes (e.g., Boddez et al., 2013; Hamm & Weike, 2005). 
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Overall, these differing perspectives highlight the importance of employing 

diverse outcome measures to capture the multifaceted nature of fear and safety learning 

processes, offering valuable opportunities for a more comprehensive understanding of it 

(Lonsdorf & Richter, 2017). Yet, it also introduces methodological and interpretational 

challenges. For example, psychophysiological indices have the advantage of not being 

influenced by self-report biases and potentially provide information about subconscious 

changes. However, multiple outcome measures might interfere with one another 

(Lonsdorf et al., 2017; Wake et al., 2024). While SCR data require relatively long CS and 

inter-trial interval (ITI) presentation, ideal timing for ERPs is comparably shorter (Luck, 

2014). Additionally, the startle probe is often perceived as aversive and might interfere 

with ongoing fear and safety learning processes generally, or specifically impact SCR 

data (Bacigalupo & Luck, 2017; Lonsdorf et al., 2017; Sjouwerman et al., 2016). 

Moreover, the startle reflex serves the function of interrupting ongoing processes in order 

to allow for maximal processing of potential threat (Graham, 1992). This interruption and 

reorientation might compete with ongoing processes during fear conditioning and needs 

to be taken into consideration methodologically (e.g., Lonsdorf et al., 2017; Sjouwerman 

et al., 2016). Despite these challenges, the simultaneous assessment of multiple outcome 

measures holds great promise for obtaining a more comprehensive understanding of fear 

and safety learning processes, though it requires careful consideration in experimental 

design and interpretation. 

1.5 Fear Conditioning in Anxiety-Related Psychopathology 

1.5.1 Empirical Evidence on Categorical Diagnosis-Based Group Comparison  

There are multiple ways in which fear conditioning ï as a well-established 

paradigm for examining fear and safety learning processes ï has been linked to anxiety-

related psychopathology. In fact, fear conditioning in anxiety-related psychopathology 

provides a valuable framework for uncovering neurobiological mechanisms underlying 

psychopathological anxiety by identifying specific abnormalities (Lissek et al., 2014). 

Meta-analytic evidence for the role of fear conditioning in anxiety- and stress-related 

disorders has been reported. For example, it is suggested that, relative to control 

participants, individuals with anxiety- and stress-related disorders show increased fear 

responses to conditioned safety cues (i.e., the CS-) during fear acquisition, heightened 

fear generalization, as well as reduced fear extinction (Cooper et al., 2022; Duits et al., 
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2015; Fraunfelter et al., 2022; Lissek et al., 2005). Despite this promising evidence, 

reported effect sizes are small to modest and empirical evidence linking fear conditioning 

to anxiety- and stress-related disorders remains inconsistent and sometimes contradictory 

across studies and disorders (Cooper et al., 2024; Flasinski et al., 2025). Considerable 

variation in task design, methodology, and the dependent measures assessed complicates 

and limits comparability further (Cooper et al., 2018, 2024; Rabinak et al., 2017; Wake 

et al., 2024). Thus, findings on fear conditioning processes across anxiety- and stress-

related disorders included in the meta-analyses as well as subsequent studies will be 

displayed in detail below. 

 Across studies examining SAD, some reported an effect for atypical fear 

acquisition in SAD (Hermann et al., 2002; Lissek et al., 2008; Rabinak et al., 2017), 

whereas others reported no significant group differences (Ahrens et al., 2016; Fyer et al., 

2020; Savage et al., 2020; Tinoco Gonz§lez et al., 2015b). Again, during fear extinction, 

some studies observed an influence of SAD on impaired extinction learning (Fyer et al., 

2020; Hermann et al., 2002; Marin et al., 2020; Tinoco Gonz§lez et al., 2015b), while 

other findings indicated no group differences (Ahrens et al., 2016; Schneider et al., 1999). 

For extinction recall, lower indices were reported in individuals with SAD (Ahrens et al., 

2016; Fyer et al., 2020), indicating greater fear retention following extinction. Ahrens et 

al. (2016) reported overgeneralization of conditioned fear for socially relevant stimuli, as 

reflected in SCR, heart rate, and arousal ratings, though this effect did not extend to US 

expectancy or valence ratings. 

To date, evidence from individuals with SP suggests largely typical fear 

conditioning mechanisms with some phobia-specific modulations, i.e., stronger 

characterization by content-specific hyperreactivity than by broad impairments in fear 

and safety learning (Lange et al., 2019). During fear acquisition, studies reported stronger 

stimulus discrimination in valence ratings (Mosig et al., 2014; Vriends et al., 2012) and 

heightened psychophysiological responding to the CS+ (Mosig et al., 2014; 

Schweckendiek et al., 2011). However, this was not observed for US expectancy or fear 

ratings (Mosig et al., 2014; Vriends et al., 2012) and some studies reported no significant 

group differences at all (Lange et al., 2019; Marin et al., 2020). Regarding extinction and 

extinction recall, no significant group differences have been reported on a behavioral 

level (Lange et al., 2019; Mosig et al., 2014), however, participants with SP showed 

blunted SCR (Marin et al., 2020). During fear generalization, individuals with SP showed 
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overgeneralization of conditioned fear in US expectancy ratings for phobia-related stimuli 

(Kopp et al., 2005), although this could not be replicated behaviorally, neurally, or for 

emotionally neutral, non-phobia related stimuli (Lange et al., 2019). 

For individuals with GAD, pathological worry is thought to be linked to 

difficulties in distinguishing between threat and safety cues, leading to fear 

overgeneralization (Lissek et al., 2014). Most studies comparing individuals with GAD 

to healthy controls found no significant differences during fear acquisition (Lissek et al., 

2014; Marin et al., 2020; Pitman & Orr, 1986; Tinoco Gonz§lez et al., 2015b; Wang et 

al., 2021). In contrast, Via et al. (2018) observed higher arousal and valence ratings for 

both stimuli (i.e., CS+ and CS-) in participants with GAD, accompanied by a blunted 

SCR response. During extinction, Marin et al. (2020) reported blunted SCR responses. 

Lastly, during fear generalization phases, some studies reported overgeneralization effects 

in subjective ratings and FPS (Lissek et al., 2014; Wang et al., 2021), while others found 

no significant group differences (Greenberg et al., 2013; Tinoco Gonz§lez et al., 2015b). 

Research on fear conditioning in PD, with and without agoraphobia, reveals that 

during fear acquisition, several studies reported relatively intact fear learning but 

impaired safety learning in PD. Patients often displayed reduced discrimination between 

threat and safety cues, reflected in elevated responses to the CS- (Lissek et al., 2009, 

2010; Lueken et al., 2014). Participants with PD generally showed higher arousal and 

lower valence ratings compared to healthy controls (De Kleine et al., 2023; Kircher et al., 

2013; Lueken et al., 2014; Neueder et al., 2019), although some studies found no group 

differences overall (Lissek et al., 2009, 2010; Michael et al., 2007; Schwarzmeier et al., 

2019). During extinction learning, findings indicate impaired fear reduction in PD 

(Michael et al., 2007) as well as heightened subjective anxiety and arousal ratings 

(Neueder et al., 2019). However, no group differences were also reported in extinction 

performance (Schwarzmeier et al., 2019). Fear overgeneralization was found in one study 

(Lissek et al., 2010) and no studies have directly investigated generalization processes in 

agoraphobia to date (Fraunfelter et al., 2022). 

During fear acquisition, individuals with OCD generally showed a reduced 

differentiation between the CS+ and CS-. While some studies reported a stronger response 

to the CS- relative to healthy controls (Apergis-Schoute et al., 2017; Fyer et al., 2020), 

others found a blunted response towards the CS+ (Elsner et al., 2022). However, some 

studies reported no significant group differences (Cano et al., 2021; De Kleine et al., 
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2023; McLaughlin et al., 2015; Milad et al., 2013; Nanbu et al., 2010). During extinction, 

a remaining differentiation between the CS+ and the CS- has been reported in individuals 

with OCD (Fyer et al., 2020; Nanbu et al., 2010), while some studies reported no 

significant group differences (Cano et al., 2021; McLaughlin et al., 2015; Milad et al., 

2013). Of note, deficits in extinction recall were found in comparison to healthy controls 

(McLaughlin et al., 2015; Milad et al., 2013). To the best of our knowledge, no study has 

investigated group differences for fear generalization in individuals with OCD. 

Overall, most evidence on fear conditioning in anxiety- and stress-related 

disorders has been conducted with individuals with PTSD. There tends to be altered fear 

acquisition in individuals with PTSD compared to both healthy and trauma-exposed 

control participants (i.e., participants who experienced trauma but did not develop PTSD). 

Several studies reported enhanced differential conditioning and stronger physiological or 

subjective responses to the CS+ in individuals with PTSD (Armstrong et al., 2021; Diener 

et al., 2016; Norrholm et al., 2011; Orr et al., 2000; Peri et al., 2000). In contrast, others 

found increased responding to both CS+ and CS- (Blechert et al., 2007; Rabinak et al., 

2017) or selectively to the CS- (Acheson et al., 2015; Jovanovic et al., 2009, 2010). 

However, several studies observed no group differences during acquisition (Garfinkel et 

al., 2014; Helpman et al., 2016; Milad et al., 2008, 2009; Pöhlchen et al., 2020; Wicking 

et al., 2016). During extinction learning, PTSD groups frequently demonstrated slowed 

or incomplete extinction and persistently elevated responses to the CS+ (e.g., Acheson et 

al., 2015; Armstrong et al., 2021; Blechert et al., 2007; Diener et al., 2016; Norrholm et 

al., 2011; Rabinak et al., 2017; Wicking et al., 2016). Nonetheless, a subset of studies 

found no significant group differences (e.g., De Kleine et al., 2023; Garfinkel et al., 2014; 

Helpman et al., 2016; Milad et al., 2009; Pöhlchen et al., 2020). Findings for extinction 

recall are the most consistent, showing a robust pattern of deficient retention of extinction 

memory in PTSD. Individuals with PTSD typically exhibit elevated physiological 

responses to the previously extinguished CS+ (Garfinkel et al., 2014; Milad et al., 2008, 

2009; Wicking et al., 2016). These alterations suggest impaired contextual modulation 

and inhibitory control of fear memory, which are central features in the maintenance of 

PTSD. Evidence on fear generalization reported greater generalization of conditioned fear 

in individuals with PTSD compared to healthy controls and trauma-exposed controls, 

particularly in US expectancy ratings (Kaczkurkin et al., 2017; Thome et al., 2018), 
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whereas others did not replicate this effect behaviorally or physiologically (Fraunfelter et 

al., 2022; Morey et al., 2015, 2020). 

Taken together, evidence is somewhat inconsistent but overall indicates that 

individuals with anxiety- and stress-related disorders acquire fear similarly compared to 

healthy comparison participants, but the ability to differentiate properly between a 

conditioned threat and a safety cue might be compromised, which potentially stems from 

deficits in fear inhibition or increased fear generalization, i.e., failure to distinguish 

between threat and safety signals (Beckers et al., 2023; Lenaert et al., 2014). Studies 

largely support fear extinction deficits in individuals with anxiety- and stress-related 

disorders in both psychophysiological responses and self-reported ratings, suggesting that 

these individuals might have difficulties in inhibitory learning (Davis et al., 2000), 

however, their predictive or prospective significance remains uncertain due to 

inconsistencies (Beckers et al., 2023). Retention tests of fear and extinction memories 

have been increasingly investigated in recent years and results seem promising in regard 

to altered processes in anxiety-related psychopathology. However, further research is 

needed as meta-analytic evidence on these processes is still lacking (Cooper et al., 2022). 

Lastly, meta-analytic evidence for fear generalization indicates a small but robust effect 

size for enhanced fear generalization in individuals with anxiety- and stress-related 

disorders (Cooper et al., 2022; Fraunfelter et al., 2022). However, evidence on certain 

disorders such as OCD, SAD, SP, and PD is scarce (Cooper et al., 2022), emphasizing the 

need for more research.   

Due to considerable methodological differences, heterogeneity within disorders, 

and inconsistencies across outcome measures, comparison within and between different 

disorders remains difficult (Elsner et al., 2022; Fraunfelter et al., 2022; Lissek et al., 2014; 

Wake et al., 2024). With very few exceptions (e.g., Fyer et al., 2020; Marin et al., 2020; 

Tinoco Gonz§lez et al., 2015b), most patient-control design studies included only one 

diagnostic group, which further challenges identifying the specificity of impaired fear and 

safety learning processes across different anxiety- and stress-related disorders. Thus, 

future research is needed that employs multimodal designs and transdiagnostic samples 

to gain a more comprehensive understanding of underlying processes and how they 

possibly affect each other (Beckers et al., 2023). Further, the direction of causality, the 

development of the disorders, and disorder-specific mechanisms remain to be determined, 

therefore further investigation is needed (Fraunfelter et al., 2022). Specifically, it needs 
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to be determined whether altered fear and safety learning processes are consistent and a 

predisposing factor for anxiety-related psychopathology, a pathogenic mechanism, a 

manifest symptom of anxiety-related psychopathology, or a combination of these factors 

(Cooper et al., 2022; Pittig et al., 2018). 

1.5.2 Empirical Evidence on Symptom-Specific Dimensions  

Investigating trait anxious samples in prospective study designs provides a 

possibility to explore whether impaired fear and safety learning processes are a 

consequence or a vulnerability marker for anxiety-related psychopathology (Wong & 

Lovibond, 2020). Evidence on dimensional variables, such as trait anxiety, intolerance of 

uncertainty, or neuroticism, is a promising avenue, yet similarly inconsistent and 

contradictory as evidence on categorical group comparisons (Beckers et al., 2023). While 

some studies found that higher trait anxiety or neuroticism were associated with elevated 

fear acquisition or poorer discrimination between the CS+ and CS- (e.g., Flasinski et al., 

2025; Lenaert et al., 2014; Marin et al., 2017; Wake et al., 2024), the majority of studies 

did not find any associations (e.g., Barrett & Armony, 2009; Haddad et al., 2015; 

Sehlmeyer et al., 2011; Wake et al., 2021; Wroblewski et al., 2022). In contrast, 

individuals with higher trait anxiety, intolerance of uncertainty, or neuroticism have been 

found to show impaired extinction learning (e.g., Dibbets et al., 2015; Morriss et al., 2016, 

2021; Wong & Lovibond, 2020) as well as impaired extinction recall (Staples-Bradley et 

al., 2018; Zbozinek & Craske, 2017). However, of note, despite findings on extinction 

being more consistent compared to fear acquisition, there are still some studies that do 

not find an association between trait anxiety levels and impaired extinction learning (see 

Wake et al., 2024). Lastly, regarding fear generalization, meta-analytic evidence suggests 

that increased levels of trait anxiety are associated with heightened fear generalization 

(Cooper et al., 2022; Sep et al., 2019). Additionally, one study investigated fear 

generalization in obsessive-compulsive behaviors and found no significant differences 

between high and low obsessive-compulsive symptoms (Kaczkurkin & Lissek, 2013).  

Overall, across studies, findings on categorical diagnosis-based comparisons of 

anxiety- and stress-related disorders and dimensional variables of anxiety-related 

psychopathology show a similar pattern of inconsistency with more robust findings for 

deficits in fear extinction and extinction recall. This pattern further underscores the need 

for experimental paradigms that more precisely isolate clinical and subclinical symptom-
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specific processes of fear and safety learning as, even in the absence of group differences, 

individual variability can still play a role in treatment responses (Flasinski et al., 2025). 

Of note, trait anxiety, intolerance of uncertainty, and neuroticism have been investigated 

most commonly, representing rather broad dimensions of anxiety-related 

psychopathology, whereas research on more symptom-specific dimensions is lacking. For 

a symptom-specific dimensional approach for anxiety- and stress-related disorders, two 

latent dimensions have been suggested: anxious arousal and anxious apprehension (Clark 

& Watson, 1991; Cox et al., 2010; Krueger, 1999; Sharp et al., 2015). The physiological 

component of anxiety- and stress-related disorders (i.e., hypervigilance, hyperarousal) is 

thought to be represented by the dimension anxious arousal, whereas anxious 

apprehension is associated with a more cognitive component (i.e., negative and repetitive 

thoughts as well as worry) (Härpfer et al., 2021; Sharp et al., 2015). Adapting more 

dimensional and transdiagnostic approaches is of importance in order to address the 

shortcomings of categorical classification systems described above and to better account 

for individual variability. Thus, future research is needed to investigate symptom-specific 

dimensional variables along the anxiety- and stress-related disorder spectrum with a focus 

on narrower dimensions, specifically selected for the anxiety- and stress-related disorders 

examined. 

1.5.3 The Role of Risk Status and Comorbid Depression in Fear and Safety 

Learning 

As described above, (maladaptive) fear and safety learning plays a central role in 

the development and maintenance of anxiety- and stress-related disorders. However, 

studies investigating their specific role in etiology and pathophysiology are still rare and 

it remains unclear whether changes in fear conditioning processes represent a 

consequence, a vulnerability marker, or a correlate of anxiety-related psychopathology. 

To advance our understanding of these learning processes, investigating fear and safety 

learning in populations at increased risk for anxiety-related psychopathology is crucial as 

such individuals may provide important insights into mechanisms preceding disorder 

onset (Pittig et al., 2018; Raber et al., 2019). Accordingly, the present dissertation focuses 

on genetic and environmental risk factors for anxiety-related psychopathology by 

examining fear and safety learning in two high-risk populations (i.e., first-degree relatives 

of individuals with OCD and individuals with a history of ACEs).  
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As previously outlined, OCD has a considerable heritability (Blanco-Vieira et al., 

2023). Additionally, both fear acquisition and extinction mechanisms have also been 

shown to be heritable (Craske et al., 2008; Hettema et al., 2003) and thus might be 

genetically regulated (Lonsdorf & Kalisch, 2011). Against this background fear and 

safety learning processes may represent a promising neural risk marker or endophenotype 

and should, in this case, be altered in participants at genetic and environmental risk for 

OCD (Miller & Rockstroh, 2013). However, to the best of our knowledge, no study has 

been conducted examining fear conditioning processes in participants high at genetic risk 

for OCD. Overall, literature on genetic influences is scarce and further investigation is 

needed to better understand potentially underlying mechanisms of these effects.  

Beyond their general impact on mental health, ACEs are discussed to alter fear 

and safety learning mechanisms and thereby increase the vulnerability to anxiety-related 

psychopathology (Ruge et al., 2024). ACEs can disrupt the normative development, 

potentially impairing associative fear learning, making affected individuals a high-risk 

group for anxiety- and stress-related disorders later in life (McLaughlin et al., 2014; 

Tottenham & Galván, 2016). A recent review by Ruge et al. (2024) suggests that there is 

an overall pattern of deviant fear and safety learning in individuals who have experienced 

ACEs, resulting in a reduced discrimination between the CS+ and CS-. The reduced 

discrimination seems to derive from a blunted response to the CS+ (e.g., Lis et al., 2020; 

Thome et al., 2018). This pattern seems to be most prominent during fear acquisition and 

generalization, yet it is not detectable during extinction learning (France et al., 2022; Ruge 

et al., 2024). However, the findings are not consistent as a considerable number of studies 

report null findings (Huskey et al., 2022; Kuehl et al., 2020; Ruge et al., 2024). 

Furthermore, studies investigating RoF phases as well as EEG signals during fear and 

safety learning in affected individuals are lacking. 

Additionally, given the high comorbidity between anxiety- and stress-related and 

depressive disorders such as MDD and dysthymia, it is reasonable to assume that 

depressive symptomatology may also shape conditioning processes and should therefore 

be examined alongside anxiety symptoms (Fraunfelter et al., 2022). In fact, depression 

has been associated with enhanced fear acquisition (Nissen et al., 2010; Wurst et al., 

2021) and extinction (Kuhn et al., 2014). Further, anhedonia symptoms were found to 

relate to fear learning and avoidance behavior (Leng et al., 2022, 2024; Rosenberg et al., 

2023, 2024b; Young et al., 2021). However, there are also studies that did not find any 
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group differences between individuals with and without depressive symptoms (e.g., 

Acheson et al., 2015; Jovanovic et al., 2010a; Kuhn et al., 2014). Additionally, these 

studies investigated the role of depressive symptoms independently of anxiety-related 

psychopathology. Thus, evidence on the role of comorbid depression on potentially 

altered fear and safety learning mechanisms is lacking (Pittig et al., 2018). Moreover, 

depression and anxiety-related psychopathology may exert their own distinct influences 

on fear and safety learning mechanisms and it is possible that anxiety-related traits shape 

conditioning outcomes most strongly when they co-occur with low positive affect, 

leading to more pronounced patterns such as impaired extinction or stronger 

generalization (Cooper et al., 2024). To capture these interactions, comorbid diagnosed 

depression and/or depressive symptoms should be considered not merely as a background 

condition but as a potentially meaningful comorbid factor shaping these processes. 

Taken together, existing evidence suggests that alterations in fear and safety 

learning may represent a key mechanism linking genetic vulnerability, ACEs, and 

comorbid depression to anxiety-related psychopathology. Findings across high-risk 

groups remain heterogeneous, and important research gaps persist, including a lack of 

studies in individuals at genetic risk for OCD as well as inconsistent results in individuals 

with a history of ACEs and limited investigations of extinction learning or RoF 

mechanisms. Addressing these gaps is essential for better understanding whether 

deviations in fear and safety learning processes precede disorder onset and may be a 

vulnerability marker for anxiety-related psychopathology. At the same time, the high 

comorbidity between anxiety- and stress-related and depressive disorders highlights the 

need to consider depressive symptomatology as a meaningful factor shaping fear and 

safety learning processes. 

1.6 Translational and Clinical Significance of Fear Conditioning 

As outlined above, adequate fear as a reaction to dangerous stimuli and its 

generalization are essential for survival. However, excessive levels of fear in anxiety- and 

stress-related disorders often result in suffering and impairment within affected 

individuals (Lissek et al., 2008). Thus, fear and safety learning processes in anxiety-

related psychopathology have been studied increasingly over the last decades and 

different phases of fear conditioning paradigms have been associated with symptom 

development, maintenance, and treatment of anxiety- and stress-related disorders (e.g., 
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Abramowitz et al., 2009; Dymond et al., 2015; Mineka & Zinbarg, 2006; Vervliet et al., 

2013). 

Pathological fear and anxiety are assumed to potentially arise through learning, 

for instance, by associating a traumatic event with sensory cues that preceded it (Foa et 

al., 1989; Mowrer, 1960). While this rationale is particularly evident in disorders with 

identifiable fear acquisition events, such as PTSD, it may also apply to cases in which 

minor or non-retrievable experiences facilitate associations between neutral cues and 

perceived danger (Elsner et al., 2022). For example, in OCD, feelings of disgust or 

experiences of sickness could be associated with certain objects, which in turn leads to 

symptom manifestation (Elsner et al., 2022). Therefore, disentangling the different 

associations and pathways of acquired pathological fear and potential tendencies to 

overgeneralize threat might be crucial for therapy, in forms of psychoeducation and the 

modification of learned fear responses through extinction or reversal learning (Fraunfelter 

et al., 2022). 

However, individuals with anxiety- and stress-related disorders rarely encounter 

the exact same threatening stimulus twice or encounter absolute safety. Thus, 

generalization processes are important to study in order to capture the uncertainty and 

complexity of reality (Cooper et al., 2022). A better understanding of generalization 

processes is not only important for the understanding of fear acquisition, but also needs 

to be taken into consideration when applying exposure therapy. Here, extinction 

processes are of particular importance as they are considered to be the dominant 

theoretical framework of exposure therapy, which is considered to be the gold standard 

in treating anxiety disorders and OCD (e.g., Arch & Craske, 2009; Craske et al., 2018, 

2023; Fullana et al., 2020). 

Exposure-based CBT has been found to be effective in symptom reduction 

(Craske et al., 2014; Hoffman & Smits, 2008; Jørstad-Stein & Heimberg, 2009) through 

reducing maladaptive and increasing adaptive behaviors, cognitions, and beliefs by 

repeatedly exposing patients to the situations or objects that elicit fear (Arch & Craske, 

2009; Vervliet et al., 2013). However, some essential shortcomings have been identified. 

A substantial number of affected individuals either refuse to begin CBT or dropout after 

beginning treatment (Fernandez et al., 2015; Garcia-Palacios et al., 2007; Haby et al., 

2006). Additionally, only about half of patients with anxiety- and stress-related disorders 

achieve full remission and relapse after treatment is common (Hofmann & Smits, 2008; 
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Loerinc et al., 2015; McGregor et al., 2025). The variability in treatment outcomes is 

thought to reflect, at least in part, individual differences in fear extinction learning ï the 

process by which previously learned fear responses are inhibited through repeated 

exposure to safety (Geller et al., 2019) ï highlighting the importance of studying fear 

extinction processes in anxiety-related psychopathology.  

From a learning-theoretical perspective, the loss of fear that occurs during 

extinction learning could be driven by a number of factors, including instrumental 

learning, habituation of the CR, avoidance, reductions in attention to the CS, or response 

fatigue (Benito et al., 2025; Knowles & Tolin, 2022; Oi-Yue Yau & McNally, 2023). In 

the Rescorla-Wagner model (1972), extinction learning primarily relies on prediction 

error-driven mechanisms: the absence of an expected aversive outcome (i.e., the US) 

generates a mismatch that promotes new inhibitory learning (Craske et al., 2008, 2014, 

2022; Rescorla & Wagner, 1972; Rosenberg et al., 2024a). The greater the (negative) 

prediction error, the greater the associative learning should be (Rescorla & Wagner, 

1972). Originally, exposure therapy was assumed to be predominantly grounded in 

habituation processes (Foa & Kozak, 1986). In contrast, the inhibitory retrieval model of 

exposure therapy builds on the principle of the prediction error, emphasizing that 

extinction learning does not erase the original fear memory, but instead creates a new, 

context-dependent safety memory that competes with the original threat association 

(Craske et al., 2008, 2022; Rosenberg et al., 2024a). Here, habituation processes during 

exposure are neither necessary nor sufficient for long-term treatment success (Craske et 

al., 2008). 

As exposure therapy hardly ever involves the original threat cue, but rather cues 

that elicit fear in the impacted individuals as a result of the original fear memory, the 

relationships between impaired extinction and overgeneralization need to be examined 

(Beckers et al., 2023). In fact, when extinction learning fails to generalize across contexts 

or stimuli, fear may easily return ï a mechanism that helps explain relapse and incomplete 

recovery (Beckers et al., 2023). This is suggested to happen because the elements of the 

threat cue that are not shared with the cues used during exposure therapy retain their 

excitatory strength (Pittig et al., 2018; Wong & Lovibond, 2020). For these processes, 

RoF manipulations and the underlying learning and memory principles of reinstatement, 

renewal, and spontaneous recovery have been considered to serve as a model of clinical 

relapse following a change in environment, time elapsed since extinction-based treatment, 
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or experiencing a stressful life event, respectively (Briscione et al., 2014; Klingelhöfer-

Jens et al., 2022; Scharfenort et al., 2016; Vervliet et al., 2013). Overall, advancing our 

mechanistic understanding of extinction learning and RoF processes offers a promising 

avenue for enhancing the durability and generalizability of exposure-based treatments 

across anxiety- and stress-related disorders. Further, it allows to investigate whether fear 

extinction learning could be a potential predictor of exposure-based CBT outcomes. 

In sum, potentially deficient alterations in fear acquisition, generalization, 

extinction, and RoF ï as well as their underlying mechanisms and interactions ï could 

contribute to increased vulnerability to anxiety-related psychopathology (Beckers et al., 

2023). The examples of partially altered fear and safety learning processes described 

above highlight that a comprehensive understanding of the development and maintenance 

of anxiety- and stress-related disorders cannot be achieved by examining the processes of 

the phases in fear conditioning paradigms in isolation. Rather, these processes must be 

investigated in conjunction to determine whether deficits in acquisition, generalization, 

and extinction co-occur within individuals, whether certain deficits exert a stronger 

influence than others, and whether distinct profiles across these mechanisms differentially 

predict the onset and course of anxiety- and stress-related disorders as well as treatment 

outcomes (Beckers et al., 2023). Given the high rates of non-response and relapse in CBT, 

a deeper understanding of these fear and safety learning processes is essential for 

improving therapeutic strategies (Craske et al., 2014; Van Veen et al., 2024). 

Investigating fear conditioning and identifying precisely in which stages or phases fear 

and safety learning is altered in anxiety- and stress-related disorders is therefore crucial 

as it not only advances theoretical models of these conditions, but also informs the 

development of more effective interventions. 

1.7 Interim Summary of Fear and Safety Learning in Anxiety-Related 

Psychopathology and Research Gaps 

Overall, fear and safety learning processes in anxiety-related psychopathology 

have been assumed to be altered in different ways, including, for instance, elevated 

responding to or deficits in discriminating between threat and safety signals, fear 

overgeneralization, as well as enhanced consolidation and retention of fear memories in 

contrast to extinction memories (e.g., Lonsdorf & Richter, 2017). These alterations can 

be observed across both diagnostic categories of anxiety- and stress-related disorders and 
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anxiety-related dimensions. However, upon closer inspection of the empirical evidence, 

the overall picture is highly inconsistent and contradictory at times. Only very few studies 

have investigated these processes across multiple anxiety- and stress-related disorders or 

in individuals at elevated risk. Consequently, critical processes involved in the 

development, maintenance, and treatment of anxiety- and stress-related disorders are not 

yet understood (Pittig et al., 2018) and some of the potentially underlying mechanisms 

are not sufficiently addressed in the current etiological frameworks (Fraunfelter et al., 

2022). Therefore, it is of importance to further unravel the exact processes as well as their 

interplay in order to increase our understanding of maladaptive fear and safety learning 

in anxiety-related psychopathology.  

Against this background, the present dissertation aims to investigate the following 

research gaps. There is a need to verify and possibly refine existing meta-analytic findings 

on alterations in fear and safety learning processes across anxiety- and stress-related 

disorders. Additionally, it is essential to investigate multiple disorders within the same 

paradigm, employing diverse outcome measures to facilitate direct comparisons. One 

particularly understudied area is fear generalization in OCD, SAD, and SP. 

Understanding how fear generalizes beyond the original threat in these conditions is 

crucial, yet research in this domain remains scarce. Furthermore, dimensional approaches 

have tended to focus on broad anxiety-related traits. There is little existing research on 

symptom-specific dimensions such as anxious arousal, anxious apprehension, and 

obsessive-compulsive symptoms, highlighting the need for more precise, dimensional 

investigations to better understand individual variability. Another critical gap involves 

the influence of comorbid depressive disorders and symptoms in anxiety- and stress-

related disorders on fear and safety learning. Clarifying how comorbid depression 

interacts with fear and safety learning could yield important transdiagnostic insights. 

Finally, it has remained unclear whether fear and safety learning processes serve as 

potential vulnerability markers for the development of anxiety-related psychopathology 

in individuals at elevated risk. By comparing multiple outcome measures, including 

behavioral, psychophysiological, and neural indices, the present dissertation aims to 

develop a comprehensive understanding of fear and safety learning mechanisms, 

advancing both theoretical knowledge and clinical applications in this field. 
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2 Research Objectives 

2.1 Research Aim 

The present dissertation aims at exploring fear and safety learning processes in 

anxiety-related psychopathology. To this end, differential fear conditioning is used to 

examine potential deficits in individuals with anxiety- and stress-related disorders or at 

elevated risk compared to unaffected comparison participants. Across various disorders, 

phases, and outcome measures it is investigated how fear and safety learning contributes 

to the development and maintenance of pathological anxiety and fear, and whether these 

processes have potential implications for the treatment of anxiety-related 

psychopathology. Additionally, the present dissertation aims to better understand the role 

of comorbid depression within anxiety- and stress-related disorders. Symptom-specific 

dimensional influences, i.e., anxious apprehension, anxious arousal, and obsessive-

compulsive symptoms will be investigated in order to adopt a transdiagnostic and 

dimensional perspective and directly compare these dimensional influences to categorical 

group differences. Lastly, various outcome measures, including US expectancy and affect 

ratings, FPS, SCR, and LPP activity, will be explored simultaneously in order to obtain a 

more comprehensive understanding of the multifaceted nature of fear and safety learning 

processes. Importantly, the LPP will be examined, which is relatively novel and 

unexplored in this line of research. Thus, in order to fill the research gaps outlined above, 

this dissertation adopts meta-analytic as well as cross-sectional study approaches using 

differential fear conditioning across multiple phases and outcome measures. The meta-

analysis investigates anxiety- and stress-related disorders in a general sense, whereas the 

cross-sectional studies compare multiple anxiety- and stress-related disorders 

simultaneously and examine individuals at elevated risk. 

2.2 Research Questions  

To enhance clarity, the present dissertation is structured around three 

complementary studies that address shared and unique aspects of fear and safety learning 

processes within anxiety-related psychopathology. Study-specific hypotheses are 

presented in the respective subchapter of the Experimental Studies section. The 

overarching aims of this dissertation can be categorized into five main topics and 

subordinate research questions. The research questions are derived from the current state 

of research on fear and safety learning processes in anxiety-related psychopathology.  
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The present dissertation aims at: 

(1) integrating and extending diagnosis-based empirical evidence on fear and safety 

learning processes across anxiety- and stress-related disorders 

¶ Can previous meta-analytic evidence on altered fear and safety learning 

processes across anxiety- and stress-related disorders in acquisition, extinction, 

and extinction recall phases be confirmed or refined? (Study I) 

¶ Do individuals with OCD, SAD, and SP differ from unaffected comparison 

participants and each other in acquisition, generalization, and extinction phases? 

(Study II) 

¶ Do individuals with OCD differ from unaffected comparison participants in 

acquisition, generalization, extinction, and RoF phases? (Study III) 

(2) investigating the influences of symptom-specific dimensions including anxious 

arousal, anxious apprehension, and obsessive-compulsive symptoms on fear and 

safety learning processes 

¶ To what extent are symptom-specific dimensions of anxious apprehension and 

anxious arousal associated with altered fear and safety learning processes across 

individuals with anxiety- and stress-related disorders and unaffected comparison 

participants? (Study II) 

¶ To what extent is the symptom-specific dimension of obsessive-compulsive 

symptoms associated with altered fear and safety learning processes across 

individuals with OCD, individuals at elevated risk for anxiety-related 

psychopathology (i.e., first-degree relatives of individuals with OCD and 

individuals with a history of ACEs), and unaffected comparison participants? 

(Study III) 

¶ Do these symptom-specific dimensions provide transdiagnostic insight into 

mechanisms of maladaptive fear and safety learning? (Studies II and III) 

 

 

 



Research Objectives 

35 

 

(3) identifying how comorbid depressive disorders and symptoms influence fear and 

safety learning processes in anxiety- and stress-related disorders 

¶ Do comorbid depressive disorders alter fear and safety learning processes 

across anxiety- and stress-related disorders? (Studies II and III) 

¶ Is depressive symptomology associated with altered fear and safety learning 

processes across anxiety- and stress-related disorders? (Studies I, II and III) 

¶ Does comorbid depression (diagnosis-based and dimensional) provide 

transdiagnostic insight into the mechanisms of maladaptive fear? (Studies I, II 

and III) 

(4) evaluating the utility of altered fear and safety learning processes as a risk marker for 

anxiety-related psychopathology 

¶ Do individuals with OCD, individuals at elevated risk for anxiety-related 

psychopathology (i.e., first-degree relatives of individuals with OCD and 

individuals with a history of ACEs), and unaffected comparison participants 

differ in fear acquisition, generalization, extinction, and RoF? (Study III) 

¶ Do any parallels between at-risk groups and OCD patients suggest altered fear 

and safety learning processes as potential risk markers for OCD? (Study III) 

(5) specifying effects across self-report, psychophysiological, and, neural outcome 

measures  

¶ Is the LPP a reliable indicator for fear and safety learning processes? (Studies II 

and III) 

¶ Are there differences across various outcome measures (i.e., US expectancy and 

affect ratings, FPS, SCR, and LPP)? (Studies I, II, and III)
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3 Experimental Studies 

3.1 Study I: Fear and Safety Learning in Anxiety- and Stress-Related Disorders: 

An Updated Meta-Analysis 

This chapter was published in modified form in: Kausche, F. M., Carsten, H. P., 

Sobania, K. M., & Riesel, A. (2025). Fear and Safety Learning in Anxiety- and Stress-

Related Disorders: An Updated Meta-Analysis. Neuroscience & Biobehavioral Reviews, 

169, 106123. https://doi.org/10.1016/j.neubiorev.2024.105983  

3.1.1 Theoretical Background 

As outlined above, excessive fear and anxiety can lead to behavioral impairments 

and distress, as seen in individuals affected by anxiety- and stress-related disorders (i.e., 

anxiety disorders, OCD, and PTSD) (American Psychiatric Association, 2013). 

Alterations in fear and safety learning processes have been continuously linked to the 

development and maintenance of anxiety- and stress-related disorders (Craske et al., 

2022; Duits et al., 2015). While exposure-based therapies are an evidence-based and 

highly effective form of treatment for these disorders targeting the underlying learning 

processes (Hofmann & Smits, 2008), a significant proportion of patients do not respond 

to exposure-based CBT (Craske & Mystkowski, 2006; Pittig et al., 2018; Springer et al., 

2018). Consequently, advancing our understanding of fear and safety learning processes 

in anxiety- and stress-related disorders is crucial for refining existing treatment modalities 

and developing innovative interventions (Craske et al., 2022). 

Pavlovian fear conditioning paradigms have emerged as a central tool for 

investigating fear and safety learning processes (Beckers et al., 2023; Craske et al., 2014, 

2022; Vervliet & Boddez, 2020), allowing for a comprehensive evaluation of fear-related 

phenomena and facilitating a more nuanced understanding of both the mechanistic 

underpinnings of and the therapeutic implications for stress- and anxiety-related 

disorders. The most recent meta-analysis by Duits et al. (2015) suggests that, first, 

patients with anxiety- and stress-related disorders tend to exhibit exaggerated fear 

responses to safety cues (i.e., CS-) rather than heightened responses to threat cues (i.e., 

CS+) during acquisition. Second, it indicates that individuals with these disorders show 

increased responses towards the CS+ during fear extinction, indicating that extinction 

learning is impaired. However, there is significant heterogeneity in findings, both within 

specific diagnostic categories and across various anxiety- and stress-related disorders that 

https://doi.org/10.1016/j.neubiorev.2024.105983
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become visible in the conducted meta-analysis by Duits et al. (2015) as well as in 

subsequent research efforts (e.g., Adolph et al., 2023; Cooper & Dunsmoor, 2021; Diener 

et al., 2016). Furthermore, models of psychopathology (e.g., HiTOP or RDoC) highlight 

the value of looking beyond primary diagnoses, as comorbidity is frequent and within-

diagnosis heterogeneity is substantial (Insel et al., 2010; Kotov et al., 2017). This 

underscores the necessity for an updated meta-analysis to integrate more recent findings 

and synthesize current research in the field, particularly given the notable increase in 

studies published since the meta-analysis by Duits et al. (2015). 

3.1.2 Research Aim 

Study I aims at integrating findings on fear and safety learning processes in 

anxiety- and stress-related disorders, including anxiety disorders, OCD, and PTSD, 

through a series of meta-analyses. These analyses will examine differences in fear 

acquisition, fear extinction, and fear extinction recall for the CS+, CS-, and their 

discrimination (i.e., CS+ minus CS- (ȹCS)). Therefore, separate meta-analyses will be 

performed for multiple outcome measures, in particular, US expectancy ratings, affect 

ratings, FPS, and SCR data. Furthermore, the present study updates and expands the meta-

analysis by Duits et al. (2015) by analyzing outcome measures separately, including 

extinction recall, and evaluating moderating influences of diagnostic categories, 

dimensional measures of anxiety and depressive symptom severity, US type, CS type, 

and reinforcement rate. Notably, this is the first meta-analytic investigation to examine 

extinction recall as a distinct phase of fear conditioning. 

3.1.3 Methods 

3.1.3.1 Study Selection 

The study was conducted in adherence to the PRISMA guidelines (Page et al., 

2021). Building on Duits et al. (2015), a systematic database search for journal articles 

published until December 2022 on PubMed was conducted. The final search string was: 

ñ(conditioned OR conditioning) AND (conditioning OR conditioned OR anxiety OR 

anxious OR fear) AND (PTSD OR post-traumatic stress disorder OR posttraumatic OR 

phobic OR phobia OR panic OR OCD) AND (patient AND/OR disorder)ò. These terms 

were required to appear in the title and/or abstract of the papers. No language restrictions 

were imposed. During the selection process (see Figure 2), three independent psychology 

master students conducted the database search. 
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Figure 2. PRISMA Flow diagram for study selection. OCD = Obsessive-compulsive disorder; GAD = 

Generalized anxiety disorder; MIX = Sample with various anxiety disorders; PD = Panic disorder; PTSD 

= Post-traumatic stress disorder; SAD = Social anxiety disorder; SP = Specific phobia.  
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If inconsistencies between the students occurred, they were checked and resolved 

by an experienced member of the research team. The search strategy yielded 1660 studies 

which were imported into EndNoteData version 20 (Clarivate Analytics, 2020). Each 

abstract was assessed based on the following inclusion criteria: (1) Inclusion of adult 

participants (age Ó 18 years) with anxiety disorders, OCD, and PTSD, as defined 

according to DSM criteria (American Psychiatric Association, 2013), as well as healthy 

participants; (2) Diagnosis of a disorder was established through formal diagnostic 

interviewing (a self-screening tool was not sufficient); (3) Examination of classical 

aversive conditioning, i.e., at least one phase of fear acquisition had to be present; (4) In 

addition to fear acquisition, we included studies that investigated fear extinction, and 

extinction recall without an experimental manipulation (e.g., reinstatement); (5) Use of 

subjective (e.g., ratings of US expectancy or affect) and/or psychophysiological (FPS or 

SCR) outcome measures to assess conditioned fear responses. Ultimately, n = 77 studies 

were included. 

3.1.3.2 Coding of Study Characteristics and Moderators 

Categorical and continuous variables are displayed in Table 1. Continuous 

variables were directly extracted and not recoded or transformed, other information was 

coded into categorical variables to study their potentially influence on effect sizes. For 

meta-regression analyses, similar variables were grouped to form one categorical variable 

(i.e., type of outcome measure (US expectancy rating, affect rating), type of US (sound, 

visual, stimulation), type of CS (geometric shapes, pictures); see Appendix A-1). 

Categorical variables 

Type of outcome measure (US expectancy, affect, FPS, SCR) 

Primary diagnosis of anxiety- or stress-related disorder (OCD, GAD, 

MIX, PD, PTSD, SAD, SP) 

Type of US (airblast, sound, visual, tactile stimulation) 

Type of CS (geometric shapes, pictures, lights, faces) 

Continuous variables 

Reinforcement rate 

Score of trait anxiety questionnaire (STAI-T) 

Score of state anxiety questionnaire (STAI-S) 

Score of depression questionnaire (BDI) 

Table 1. Categorical and continuous variables used as outcomes or moderators in the meta-analyses. US = 

Unconditioned stimulus; CS = Conditioned stimulus; FPS = Fear-potentiated startle; SCR = Skin 

conductance response; OCD = Obsessive-compulsive disorder; GAD = Generalized anxiety disorder; MIX 

= Sample with various anxiety disorders; PD = Panic disorder; PTSD = Post-traumatic stress disorder; SAD 

= Social anxiety disorder; SP = Specific phobia; STAI = State-Trait-Anxiety Inventory (Trait and State 

Subscale); BDI = Beck Depression Inventory. 
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3.1.3.3 Statistical Analyses 

Data were analyzed using R version 4.3.2 (R Core Team, 2023) and RStudio 

version 2023.06.1 (RStudio Team, 2023). A significance level of Ŭ = .05 was defined for 

all analyses. To calculate the meta-analytic models, the packages dmetar version 0.1.0 

(Harrer et al., 2021), and meta version 6.5-0 (Balduzzi et al., 2019) were used (code and 

data used for the analyses are accessible at https://osf.io/kz5wb/overview). 

As index of effect sizes, the standardized between-group differences (SMD) were 

used. Here, SMD represents the mean difference in fear responses between participants 

with anxiety- and stress-related disorders and healthy participants, standardized by the 

pooled standard deviation. Thereby, data across studies could be combined and analyzed, 

independent of their operationalization. Further, to correct for small sample bias,  

Hedgesô g formula was used to estimate the SMD (Hedges, 1981). Due to the way of 

analysis, positive values indicate stronger responses in participants with anxiety- and 

stress-related disorders, whereas negative values indicate stronger responses in healthy 

participants. Effect sizes were pooled separately per experimental phase (i.e., fear 

acquisition, extinction, and extinction recall), per outcome measure (i.e., US expectancy 

ratings, affect ratings, FPS, and SCR), and per cue (i.e., responses to CS+, CS-, and ȹCS). 

To assess ȹCS (i.e., the difference between CS+ minus CS-) standardized difference 

scores were calculated by Hedgesô g between CS+ and CS- and using the mean of the 

standard deviations of CS+ and CS-. These considered original study, group (i.e., anxiety- 

and stress-related disorder groups and healthy control group), phase, and outcome 

measure. Random effect models were used due to the anticipated substantial between-

study heterogeneity and assumed variance in true effects. We expected that potential 

variation would mainly be introduced in true effects by heterogeneity in the clinical 

samples and methodological heterogeneity in the experimental protocols. To calculate the 

heterogeneity variance Ű2, the restricted maximum likelihood estimator was used 

(Viechtbauer, 2005). The weight given to each study was the inverse of the variance of 

the effect estimate. To calculate the confidence interval around the pooled effect (using 

the Q-profile method; Viechtbauer, 2007), Knapp-Hartung adjustments were used 

(Knapp & Hartung, 2003). To investigate variation in the included studies, we estimated 

between-study heterogeneity (i.e., statistical heterogeneity) of the pooled effect sizes and 

reported Higgins & Thompsonôs I2 statistic, which can be interpreted with I2= 25%: low 

https://osf.io/kz5wb/overview
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heterogeneity, I2= 50%: moderate heterogeneity, and I2= 75%: substantial heterogeneity 

(Higgins & Thompson, 2002). 

To identify possible sources of statistical heterogeneity, follow-up subgroup 

analyses and meta-regressions were conducted if k Ó 10 studies reported any of our pre-

defined moderator variables for CS+, CS-, and ȹCS (Harrer et al., 2021). Subgroup-

specific effects were analyzed for categories that had k Ó 5 studies for each CS+, CS-, and 

ȹCS (see Kausche et al., 2025). Subgroup analyses included omnibus Q-tests indicating 

whether subgroup differences are large enough not to be explainable by sampling error 

(Harrer et al., 2021), which were followed-up by calculating effect sizes per level of 

subgroup separately. Specifically, to assess potential moderating effects of depressive or 

anxiety symptoms, the SMD between anxiety- and stress-related disorder groups and 

healthy control groups were calculated within each primary study if data of anxiety 

symptoms (i.e., trait or state anxiety scores measured by the respective subscale of the 

State-Trait-Anxiety Inventory (STAI; Spielberger et al., 1983)) or depressive symptoms 

(measured by depression questionnaire Beck Depression Inventory (BDI; Beck et al., 

1996)) were reported. This SMD of anxiety and depressive symptoms enabled testing 

potential moderating effects of dimensional clinical measures across different 

questionnaires to assess the same construct using meta-regression. Additionally, due to 

the overrepresentation of PTSD studies in contrast to all other anxiety disorders and OCD, 

subgroup analyses were performed conducting the following comparisons: PTSD versus 

healthy participants as well as all other anxiety disorders and OCD combined versus 

healthy participants, following the approach by Duits et al. (2015). If more than one 

experimental condition was reported in a primary study, i.e., if different anxiety groups 

were included (e.g., Grillon et al., 2009; Klahn et al., 2017) the comparisons were 

included twice but the healthy participant sample was divided by 2 to correct for multiple 

testing within one group following the methodological approach of the meta-analysis by 

Duits et al. (2015). 

Lastly, to assess the robustness of our results, we performed a basic outlier 

analysis using the function find.outliers which is included in the dmetar package (Harrer 

et al., 2021). Within this function, an outlier is detected when its confidence interval does 

not overlap with the confidence interval of the pooled effect. Results of the present study 

are reported after outlier analysis and exclusion of the outlier studies (see Kausche et al. 

(2025) for discrepancies between analyses with and without outliers). In addition, 
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publication bias was examined by assessing small-study effects through visual inspection 

of funnel plot asymmetry and by applying Eggerôs regression test (Egger et al., 1997) of 

the intercept to quantify the presence of the funnel plot asymmetry. The intercept of the 

linear model represents the relationship of the standardized effect sizes to precision; in 

the absence of publication bias, the intercept is expected to be zero (Harrer et al., 2021). 

Further, the Duval & Tweedie Trim and Fill method (Duval & Tweedie, 2000) was used 

to assess publication bias and adjust for funnel plot asymmetry by imputing missing 

studies and reporting corrected effect sizes. Moreover, p-curve analyses were conducted 

with the function included in the dmetar package (Harrer et al., 2021) since it is assumed 

that they represent more accurately the true effect size behind the data (Simonsohn et al., 

2014). Of note, due to its sensitivity to between-study heterogeneity, it is proposed to only 

use p-curve when heterogeneity is small to moderate (Van Aert et al., 2016). 

3.1.4 Results 

The 77 included studies, published between 1986 and 2022, resulted in data of 

2052 participants with a diagnosis of an anxiety- or stress-related disorder and 3528 

healthy participants. The majority of studies (n = 40) included participants with PTSD. 

For PD, n = 12 studies were included, and for all other anxiety disorders and OCD, fewer 

than ten studies were included in the meta-analyses (GAD: n = 7; SAD: n = 7; SP: n = 5; 

OCD: n = 7). In addition, n = 7 studies included multiple anxiety disorders without 

specifying the exact sample size per diagnostic category (mixed anxiety group, MIX). For 

an overview of the included studies and their key experimental characteristics relevant 

for the present dissertation, see Appendix A-2; for more details, see Kausche et al. (2025). 

3.1.4.1 Fear Acquisition 

Table 2 displays an overview of the statistical values for the observed group 

differences (i.e., individuals with anxiety- and stress- disorders compared to healthy 

control participants) for CS+, CS-, and ɝCS separately for the different outcome measures 

during the acquisition phase, after outlier analyses. Subgroup analyses are only displayed 

in Table 2 when the analysis reached significance in order to maintain clarity and 

readability (see Kausche et al. (2025) for a detailed presentation of all subgroup analyses). 

Forest plot visualizing the effect sizes of the contributing primary studies are presented 

in Appendix A-3. 
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Outcome 

measure 

CS Model n 

Studies 

n 

Participants 

g 95% CI p I² 
U

S
 e

x
p

e
c
ta

n
c
y 

ra
ti
n

g 

CS+ 
Main model 29 

npat = 615 

nHC = 799 
0.01 -0.13, 0.14 .948 0.28 

Subgroup analysis .535 

CS- 

Main model 26 
npat = 595 

nHC = 755 
0.29 0.14, 0.43 <.001 0.30 

Subgroup analysis .002 

Á Anxiety disorders 

and OCD vs. HC 
9 

npat = 250 

nHC = 228 
0.58 0.26, 0.90 .003 0.55 

Á PTSD vs. HC 17 
npat = 345 

nHC = 527 
0.12 0.02, 0.22 .021 0.00 

ȹCS 
Main model 29 

npat = 644 

nHC = 825 
-0.25 -0.73, 0.24 .308 0.85 

Subgroup analysis .102  

A
ff
e
c
t 

ra
ti
n

g 

CS+ 

Main model  36 
npat = 468 

nHC = 611 
0.69 0.51, 0.88 <.001 0.57 

Subgroup analysis .010 

Á Anxiety disorders 

and OCD vs. HC 
25 

npat = 341 

nHC = 383 
0.81 0.58, 1.04 <.001 0.63 

Á PTSD vs. HC 11 
npat = 127 

nHC = 228 
0.39 0.13, 0.65 .007 0.00 

CS- 

Main model 32 
npat = 550 

nHC = 741 
0.39 0.22, 0.57 <.001 0.44 

Subgroup analysis .005 

Á Anxiety disorders 

and OCD vs. HC 
17 

npat = 405 

nHC = 496 
0.56 0.37, 0.75 <.001 0.27 

Á PTSD vs. HC 15 
npat = 145 

nHC = 245 
0.11 -0.18, 0.39 .446 0.37 

ȹCS 
Main model 54 

npat = 960 

nHC = 1190 
0.30 -0.04, 0.64 .078 0.86 

Subgroup analysis .291  

F
P

S 

CS+ 
Main model 20 

npat = 468 

nHC = 1533 
0.01 -0.17, 0.19 .904 0.44 

Subgroup analysis  .820 

CS- 
Main model  18 

npat = 410 

nHC = 576 
0.29 0.16, 0.42 <.001 0.00 

Subgroup analysis .871 

ȹCS 
Main model 20 

npat = 433 

nHC = 624 
-0.12 -0.25, 0.01 .077 0.00 

Subgroup analysis .834  

S
C

R
 

CS+ 
Main model  28 

npat = 678  

nHC = 751 
-0.02 -0.19, 0.15 .853 0.52 

Subgroup analysis .265 

CS- 
Main model 25 

npat = 615 

nHC = 685 
-0.01 -0.16, 0.13 .830 0.24 

Subgroup analysis .110 

ȹCS 

Main model 29 
npat = 754 

nHC = 776 
0.50 -0.04, 1.04 .066 0.93 

Subgroup analysis .035  

Á Anxiety disorders 

and OCD vs. HC 
16 

npat = 539 

nHC = 498 
0.92 0.06, 1.78 .038 0.95 

Á PTSD vs. HC 13 
npat = 215 

nHC = 278 
-0.04 -0.47, 0.40 .862 0.75 

Table 2. Statistical model parameters of the acquisition phase. US = Unconditioned stimulus; CS = 

Conditioned stimulus; npat = Sample size participants with anxiety- and stress-related disorders; nHC = 

Sample size healthy participants; g = Hedgesô g; CI = Confidence interval; FPS = Fear-potentiated startle; 

SCR = Skin conductance response; HC = Healthy participants; OCD = Obsessive-compulsive disorder; 

PTSD = Post-traumatic stress disorder. Overall p-values for subgroup analyses are based on Q-tests testing 

the H0 that effect sizes of all subgroups are equal. Significant results (p < .05) are printed in bold.  
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Results suggest no difference in response to the CS+ on a psychophysiological 

level (i.e., FPS and SCR) or regarding US expectancy ratings (all ps > .853). However, 

participants with anxiety- and stress-related disorders showed an increased negative affect 

towards the CS+ compared with healthy participants suggested by affect ratings  

(p < .001). For the CS-, results showed significant higher responses in participants with 

anxiety- and stress-related disorders across multiple outcome measures, i.e., US 

expectancy ratings, affect ratings, and FPS (all ps < .001), while there was no significant 

difference in SCR response (p = .830). Regarding ȹCS, results suggest no differences in 

any of the outcome measures (all ps > .066). Thus, it seems that participants with anxiety- 

and stress-related disorders compared to healthy participants do not respond significantly 

differently to a threat associated stimulus (i.e., the CS+) on a psychophysiological and 

cognitive level, however, they subjectively indicate to experience increased negative 

affect. In contrast, participants with anxiety- and stress-related disorders seem to associate 

an actual safe stimulus (i.e., the CS-) with increased responses on cognitive, affective and 

partially psychophysiological levels. This implies that participants with anxiety- and 

stress-related disorders may have impairments in inhibiting responding to actual safe 

stimuli. The results for ȹCS did not indicate any significant differences in fear acquisition 

across any of the outcome measures. Heterogeneity was low to moderate for CS- analyses 

(I² = 0ï44%), moderate to high for the CS+ (I² = 28ï57%), and, with one exception, high 

for ɝCS (I² = 0ï93%), underscoring the need for additional moderator analyses. 

Subgroup-specific (i.e., PTSD or anxiety disorders and OCD) effects were only 

investigated if the results for the subgroup analyses were significant. For the CS+, there 

was a significant difference between groups for affect ratings (p = .010). The anxiety 

disorders and OCD group showed significantly higher affect ratings compared to healthy 

participants (p < .001). For the PTSD group we found similar but weaker effects  

(p = .007). Regarding the CS-, results showed a significant difference between subgroups 

in affective ratings (p = .005) as well as US expectancy ratings (p = .002). Here, the 

anxiety disorders and OCD group only showed significantly higher negative affect 

towards the CS- in comparison to the healthy participants (p < .001), whereas the PTSD 

group did not (p = .446). For US expectancy ratings, the anxiety disorders and OCD group 

(p = .003) as well as the PTSD group (p = .021) showed significantly higher US 

expectancy ratings compared to healthy participants. Lastly, regarding the ɝCS, there was 

a significant difference between groups in SCR responses (p = .035). Again, the 
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difference between the anxiety disorders and OCD group compared to healthy 

participants was significant (p = .036), whereas the PTSD group did not differ 

significantly (p = .862). In summary, these findings indicate that for most measures the 

pattern of results observed during the acquisition phase is not significantly different for 

participants with anxiety disorders and OCD compared to those with PTSD. However, 

some exceptions have to be noted where the two groups differed: For ɝCS for the SCR 

responding, for CS- for expectancy ratings, and for CS+ and CS- for affect ratings. 

Notably, in all these cases, effect sizes and differences were larger for the anxiety 

disorders and OCD group compared to healthy participants, while they were smaller or 

even nonsignificant for the PTSD group. Overall, there was a highly varying between-

study heterogeneity in both subgroups across almost all outcome measures (I² = 0ï95%) 

indicating large variability, underscoring the importance of investigating potential 

moderators. 

The following moderators in the acquisition phase were analyzed: reinforcement 

rate for all outcome measures, trait anxiety for all but FPS, and depressive symptoms for 

both ratings (i.e., US expectancy and affective ratings). Detailed statistics of moderator 

analyses are available in Appendix A-4. Results indicate that trait anxiety affected 

responses for ȹCS in SCR (F(1,9) = 8.41, p = .018), specifically showing less 

differentiation in SCR for ȹCS with increasing trait anxiety (see Figure 3), an effect 

descriptively driven by larger responses to the CS- in participants with anxiety- and stress-

related disorders. Furthermore, reinforcement rate influenced responses for ȹCS in FPS 

(F(1,17) = 7.23, p = .016) and affective ratings (F(1,47) = 6.70, p = .013), suggesting 

larger effect sizes for FPS responses and affect ratings with increasing reinforcement rates 

across all participants. All other moderators examined in the present analysis did not reach 

significance (all ps > .082). Overall, the results suggest that variability in outcomes cannot 

be attributed to the moderating influences of the analyzed variables. Thus, the effect sizes 

remain consistent across different study characteristics. 
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Figure 3. Illustration of the result of a mega-regression analyzing how differences in trait anxiety  

(STAI-T) between participants with anxiety- and stress-related disorders (patients) and healthy participants 

(HC) affect skin conductance response (SCR) to ȹCS during the acquisition phase. Larger negative 

standardized mean differences (SMD) in STAI-T indicate greater differences for the patients, e.g., higher 

anxiety scores. Zero indicates no group difference. 

 

3.1.4.2 Fear Extinction 

In Table 3 statistical values of the observed group differences for the CS+, CS-, 

and ȹCS in the extinction phase are shown. Subgroup analyses are only displayed in 

Table 3 when the analysis reached significance, in order to maintain clarity and 

readability (see Kausche et al. (2025) for a detailed presentation of all subgroup analyses). 

Forest plots visualizing the effect sizes of the contributing primary studies and the 

heterogeneity are presented separately by outcome measure in Appendix A-5. 

Participants with anxiety- and stress-related disorders showed increased responses 

during extinction in affect ratings to both the threat (i.e., CS+) as well as the safe stimulus 

(i.e., CS-) compared to healthy participants (p = .008 and p <.001, for the CS+ and CS-, 

respectively). Regarding US expectancy ratings, participants with an anxiety- and stress-

related disorder showed increased fear to the CS- (p =.001). On a psychophysiological 

level, no significant differences could be observed for SCR or FPS data (all ps > .075).  
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Outcome 

measure 

CS Model n 

Studies 

n 

Participants 

g 95% CI p I² 
U

S
 e

x
p

e
c
ta

n
c
y 

ra
ti
n

g 

CS+ 
Main model 17 

npat = 383 

nHC = 2214 
0.56 -0.36, 1.47 .214 0.00 

Subgroup analysis .231 

CS- 
Main model 12 

npat = 255 

nHC = 298 
0.19 0.09, 0.29 .001 0.00 

Subgroup analysis .415 

ȹCS 

Main model 15 
npat = 383 

nHC = 2214 
0.06 0.00, 0.13 .059 0.00 

Subgroup analysis .231  

Á Anxiety disorders 

and OCD vs. HC 
3 

npat = 144 

nHC = 1004 
0.06 -0.47, 0.58 .694 0.00 

Á PTSD vs. HC 12 
npat = 239 

nHC = 1210 
0.07 0.01, 0.12 .026 0.00 

a
ff
e
c
t 

ra
ti
n

g 

CS+ 
Main model  28 

npat = 466 

nHC = 1488 
1.33 0.37, 2.29 .008 0.99 

Subgroup analysis .821 

CS- 
Main model 24 

npat = 277 

nHC = 430 
0.36 0.17, 0.55 <.001 0.36 

Subgroup analysis .826 

ȹCS 
Main model 26 

npat = 424 

nHC = 448 
0.05 -0.11, 0.20 .529 0.20 

Subgroup analysis .473  

F
P

S 

CS+ 

Main model 8 
npat = 239 

nHC = 1138 
0.03 -0.55, 0.62 .896 0.91 

Subgroup analysis  .009 

Á Anxiety disorders 

and OCD vs. HC 
5 

npat = 174 

nHC = 1043 
-0.29 -1.14, 0.56 .403 0.92 

Á PTSD vs. HC 3 
npat = 65 

nHC = 95 
0.56 0.08, 1.05 .038 0.00 

CS- 
Main model  5 

npat = 158 

nHC = 155 
0.08 -0.26, 0.42 .540 0.06 

Subgroup analysis .749 

ȹCS 

Main model 5 
npat = 158 

nHC = 155 
0.19 -0.53, 0.91 .511 0.75 

Subgroup analysis <.001  

Á Anxiety disorders 

and OCD vs. HC 

4 

 

npat = 137 

nHC = 120 
-0.04 -0.32, 0.24 .674 0.00 

Á PTSD vs. HC 
1 

 

npat = 21 

nHC = 35 
1.21 0.62, 1.80 <.001 - 

S
C

R
 

CS+ 
Main model  18 

npat = 433  

nHC = 505 
0.13 -0.01, 0.27 .075 0.00 

Subgroup analysis .872 

CS- 
Main model 17 

npat = 448 

nHC = 508 
0.11 -0.07, 0.28 .211 0.32 

Subgroup analysis .275 

ȹCS 
Main model 18 

npat = 508 

nHC = 537 
0.22 -0.92, 1.36 .686 0.91 

Subgroup analysis .331  

Table 3. Statistical model parameters of the extinction phase. US = Unconditioned stimulus; CS = 

Conditioned stimulus; npat = Sample size participants with anxiety- and stress-related disorders; nHC = 

Sample size healthy participants; g = Hedgesô g; CI = Confidence interval; FPS = Fear-potentiated startle; 

SCR = Skin conductance response; HC = Healthy participants; OCD = Obsessive-compulsive disorder; 

PTSD = Post-traumatic stress disorder. Overall p-values for subgroup analyses are based on Q-tests testing 

the H0 that effect sizes of all subgroups are equal. Significant results (p < .05) are printed in bold. 
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In addition, there were no significant differences between groups regarding ɝCS  

(all ps > .059). Therefore, these results suggest that participants with anxiety- and stress-

related disorders compared to healthy participants, seem to have difficulties in fear 

extinction learning on a cognitive and affective level, reflected in higher affect ratings for 

both, the CS+ and the CS-, as well as higher US expectancy ratings for the CS-. The 

increased responsiveness in affective ratings to the CS+ during acquisition, persisted 

during the extinction phase. In the same way the CS- also continued to be rated as more 

aversive in the affect and US expectancy ratings by participants with anxiety- and stress-

related disorders. For the reported models, heterogeneity was quite mixed (I² = 0ï99%). 

Subgroup analyses of participants with anxiety disorders and OCD as well as 

PTSD suggest a significant difference in FPS responses to CS+ and ȹCS (all ps < .009). 

For both, participants with PTSD compared to healthy participants showed an increased 

FPS response (all ps < .038), which was absent for the anxiety disorders and OCD group. 

However, the limited number of studies refrains us from interpreting these findings, 

especially as this increased response was not statistically significant in the main model. 

The estimated between-study heterogeneity varied strongly in both groups (I² = 0ï98%), 

suggesting large variety between studies. 

Ultimately, the following moderators were analyzed during the extinction phase: 

reinforcement rate for US expectancy and affect ratings, and depressive symptoms for 

affect ratings. For the models with outlier exclusion, no significant moderator effects were 

found (detailed statistics can be found in Appendix A-6). 

3.1.4.3 Extinction Recall Phase 

In contrast to fear acquisition and fear extinction, fear extinction recall has been 

investigated in a comparingly limited number of studies. Table 4 shows the results for the 

statistical values of the observed group differences for CS+, CS-, and ȹCS. Due to the 

limited number of studies, no subgroup or moderator analyses of experimental factors or 

sample characteristics were conducted. Forest plots visualizing the effect sizes of the 

contributing primary studies and the heterogeneity are presented separately by outcome 

measure in Appendix A-7. 

Participants with anxiety- and stress-related disorders seemed to have ongoing 

aberrancies in the recall of fear extinction learning as indicated by increased US 

expectancy and affect ratings to the CS- (p = .030 and p = .007, respectively) as well as 
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increased affect ratings for the CS+ compared to healthy participants (p = .003). For SCR, 

there was an elevated response towards the CS+ in participants with anxiety- and stress-

related disorders compared to healthy participants (p = .044). At the same time, FPS data 

suggested no significant increase in participants with anxiety- and stress-related disorder 

compared to healthy participants. Specifically, for the CS-, the FPS response was even 

decreased (p = .004). However, since only two studies contributed to this finding, the 

interpretative power is limited and this effect will not be discussed further. In sum, 

analyses indicated persistent difficulties in extinction recall. It needs to be noted, 

however, that effect sizes were overall small, with the exception of the response towards 

the CS+ in affective ratings which was of medium effect size (Hedges, 1981). Between-

study heterogeneity was rather low (I² = 0ï47%), indicating high reliability of these 

results (Ryan, 2016). 

Outcome 

measure 

CS n  

Studies 

n 

Participants 

g 95% CI p I² 

U
S

 e
x
p

e
c
ta

n
c
y 

ra
ti
n

g 

CS+ 8 
npat = 153 

nHC = 161 
0.29 -0.03, 0.62 .071 0.17 

CS- 8 
npat = 153 

nHC = 161 
0.37 0.05, 0.69 .030 0.19 

ȹCS 8 
npat = 153 

nHC = 161 
-0.03 -0.11, 0.06 .450 0.00 

A
ff
e
c
t 

ra
ti
n

g 

CS+ 10 
npat = 80  

nHC = 142 
0.46 0.21, 0.72 .003 0.00 

CS- 10 
npat = 80  

nHC = 142 
0.30 0.11, 0.50 .007 0.00 

ȹCS 10 
npat = 80  

nHC = 142 
-0.01 -0.30, 0.28 .940 0.00 

F
P

S 

CS+ 2 
npat = 94  

nHC = 70 
-0.003 -2.23, 2.22 .990 0.10 

CS- 2 
npat = 94  

nHC = 70 
-0.21 -0.23, -0.20 .004 0.00 

ȹCS 2 
npat = 94  

nHC = 70 
0.30 -3.53, 4.13 .504 0.67 

S
C

R
 

CS+ 15 
npat = 348  

nHC = 291 
0.28 0.01, 0.55 .044 0.47 

CS- 11 
npat = 261 

nHC = 231 
-0.04 -0.34, 0.26 .771 0.43 

ȹCS 10 
npat = 241 

nHC = 206 
0.60 -1.14, 2.34 .455 0.92 

Table 4. Statistical model parameters of the extinction recall phase. US = Unconditioned stimulus; CS = 

Conditioned stimulus; npat = Sample size participants with anxiety- and stress-related disorders; nHC = 

Sample size healthy participants; g = Hedgesô g; CI = Confidence interval; FPS = Fear-potentiated startle; 

SCR = Skin conductance response. Overall p-values for subgroup analyses are based on Q-tests testing the 

H0 that effect sizes of all subgroups are equal. Significant results (p < .05) are printed in bold. 
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3.1.4.4 Publication Bias 

Several steps were taken in order to investigate publication bias. First, funnel plots 

of the effect sizes of all outcome measures for all stimuli were visually inspected. 

Additionally, Eggerôs tests to test for asymmetry in the funnel plots were performed. 

Assessment and correction for publication bias by accounting for small-study influences 

and adjusting for missing studies using the Trim and Fill procedure were performed (see 

Table 5; Duval & Tweedie, 2000). Here, only deviating results are reported, i.e., when 

studies were added to the original results. For the acquisition phase, the Eggerôs intercept 

of the funnel plot was significant for ȹCS measured with SCR (B = 4.91, p = .044), and 

US expectancy rating (B = -4.52, p = .005), indicating evidence of publication bias. For 

the extinction phase, publication bias is indicated for the distribution of US expectancy 

effect sizes for the CS+ (B = 9.66, p = .004), and the CS- (B = 0.82, p = .004). In these 

cases, it must be considered that the effect sizes reported here are likely overestimated 

due to publication bias. 

Outcome 

measure 
CS 

n added 

studies 

Original statistic values Corrected statistic values 

g 95% CI p g 95% CI p 

Acquisition phase 

US expectancy 

rating 

CS+ 3 0.01 -0.13, 0.14 .948 0.07 -0.09, 0.27 .351 

ȹCS 11 -0.25 -0.73, 0.24 .308 0.21 -0.34, 0.76 .450 

Affect rating 

CS+ 6 0.69 0.51, 0.88 <.001 0.80 0.61, 0.98 <.001 

CS- 9 0.39 0.22, 0.57 <.001 0.57 0.38, 0.76 <.001 

ȹCS 21 0.30 -0.04, 0.64 .078 -0.27 -0.64, 0.10 .154 

SCR ȹCS 6 0.50 -0.04, 1.04 .066 -0.11 -0.76, 0.54 .734 

Extinction phase 

US expectancy 

rating 

CS+ 7 0.56 -0.36, 1.47 .904 -0.40 -1.05, 0.25 .199 

CS- 4 0.19 0.09, 0.29 .001 0.13 0.02, 0.24 .022 

Affect rating CS+ 7 1.33 0.37, 2.29 .008 1.95 1.07, 2.82 <.001 

FPS CS+ 3 0.01 -0.17, 0.19 .904 -0.40 -1.05, 0.25 .199 

Extinction recall phase 

US expectancy 

rating 

CS+ 3 0.29 -0.03, 0.62 .071 0.13 -0.24, 0.50 .455 

CS- 4 0.37 0.05, 0.69 .030 0.13 -0.23, 0.49 .450 

ȹCS 3 -0.03 -0.11, 0.06 .450 0.03 -0.07, 0.12 .555 

Affect rating 

CS+ 3 0.46 0.21, 0.72 .003 0.34 0.10, 0.57 .009 

CS- 3 0.30 0.11, 0.50 .007 0.39 0.21, 0.57 <.001 

ȹCS 4 -0.01 -0.30, 0.28 .940 -0.17 -0.43, 0.10 .206 

SCR 
CS+ 3 0.28 0.01, 0.55 .044 0.17 -0.16, 0.49 .289 

CS- 1 -0.04 -0.34, 0.26 .771 -0.02 -0.55, 0.52 .947 

Table 5. Effect sizes before and after correcting for small-study effects. US = Unconditioned stimulus; CS 

= Conditioned stimulus; g = Hedgesô g; CI = Confidence interval; FPS = Fear-potentiated startle; SCR = 

Skin conductance response. Trim and Fill method (Duval & Tweedi, 2000) for FPS in extinction recall 

could not be conducted, since a minimum of 3 studies is necessary. Significant results (p < .05) are printed 

in bold. 
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After correction for publication bias, the corrected effect sizes remained 

significant, with few exceptions. Specifically, while some of the pooled effect sizes 

appear to be underestimated (e.g., responses in the affective ratings during acquisition 

and extinction), others may be overestimated (e.g., responses in the US expectancy ratings 

during extinction and extinction recall as well as skin conductance response during 

extinction recall). Nevertheless, the corrected effect sizes fall within the confidence 

interval of the original values. For fear acquisition and fear extinction, no significant 

deviations in the pattern of results were found, highlighting the robustness of these 

analyses. For fear extinction recall, deviations observed were more pronounced, leading 

to a more inconsistent result pattern and, thus, necessitate a more cautious interpretation 

of these findings. Lastly, due to the heterogeneity in the data, p-curve analyses could only 

be conducted for some but not all outcome measures (see Kausche et al., 2025). 

3.1.5 Conclusion 

Considering the significance attributed to fear and safety learning in anxiety-

related psychopathology (e.g., Mineka & Oehlberg, 2008; Pittig et al., 2018), the 

objective of study I was to integrate the outcomes of fear conditioning studies 

investigating fear and safety learning in individuals with anxiety- and stress-related 

disorders (i.e., anxiety disorders, OCD, and PTSD). Building upon the meta-analysis by 

Duits et al. (2015), findings across anxiety- and stress-related disorders and different 

outcomes measures (i.e., US expectancy ratings, affect ratings, FPS, and SCR) were 

investigated. In total, 77 studies were included, comprising n = 5310 individuals  

(n = 2052 participants with anxiety- and stress-related disorders and n = 3258 healthy 

participants). Key findings of study I are: (1) During fear acquisition, participants with 

anxiety- and stress-related disorders, compared to healthy participants, tend to affectively 

rate the threatening stimulus (i.e., CS+) as more aversive, an effect driven by participants 

with anxiety disorders and OCD specifically. Simultaneously, the safety stimulus (i.e., 

CS-) led to elevated FPS as well as increased US expectancy and affective ratings in 

individuals with all combined anxiety- and stress-related disorders compared to healthy 

participants. Further, only participants with anxiety disorders and OCD, but not PTSD, 

showed an elevated SCR response to the ȹCS; (2) During fear extinction, participants 

with anxiety- and stress-related disorders continued to show heightened US expectancy 

towards the CS-, and increased affective ratings to both the CS-, and the CS+ compared 
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to healthy participants. Additionally, in PTSD, but not in anxiety disorders and OCD, 

larger FPS responses to the CS+ and ȹCS were reported; (3) During extinction recall, 

higher ratings of affect and US expectancy for the CS- as well as higher ratings of affect 

for the CS+ were observed in participants with anxiety- and stress-related disorders 

compared to healthy participants; (4) Heterogeneity was considerable, but the limited 

number of studies hindered in-depth moderator analyses. During acquisition phase, both 

the presence of greater differences in anxiety symptoms between groups, as well as higher 

reinforcement rate was associated with larger ȹCS (measured with SCR and FPS, 

respectively); (5) The analyses indicated a risk of publication bias, which could have 

increased distortions and overestimations of the present findings. Using the Trim and Fill 

method (Duval & Tweedie, 2000), the robustness of the results could be confirmed for 

fear acquisition and fear extinction. However, findings for fear extinction recall were 

more variable, suggesting that caution is needed when interpreting the present finding and 

highlighting the necessity for future studies. A summary of the results after correction for 

publication bias across all phases (i.e., acquisition, extinction, and extinction recall), 

separately for the outcome measures and CS+, CS-, and ɝCS can be found in Figure 4. 

 
Figure 4. Visualization of results across all phases for all stimuli and outcome measures after correction 

for publication bias using the Trim and Fill method (Duval & Tweedie, 2000). Four outcome measures (i.e., 

unconditioned stimulus (US) expectancy rating, affect rating, fear-potentiated startle (FPS), and skin 

conductance response (SCR)) have been used to examine responding to the conditioned stimuli (i.e., CS+, 

CS-, and ȹCS). Grey color indicates no group difference, orange color indicates an increased response and 

blue color a decreased response in participants with anxiety- and stress-related disorders (patients) 

compared to healthy participants. A significance level of Ŭ = .05 was defined for all analyses. 
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Increased responses to the CS- during fear acquisition and fear extinction are 

consistent with and strengthen prior studies (e.g., Duits et al., 2015; Lissek et al., 2009). 

The present study further extends these insights to fear extinction recall, during which 

participants with anxiety- and stress-related disorders continued to show higher ratings to 

the CS- compared to healthy participants. Several underlying mechanisms of an increased 

response towards the CS-, regardless of fear conditioning phase, have been discussed, 

including impaired safety learning, deficient fear inhibition to stimuli signaling safety, or 

fear overgeneralization (Beckers et al., 2023; Duits et al., 2015; Jovanovic et al., 2012; 

Lissek et al., 2005).  

Further, the sustained exaggerated response to the CS+ in affective ratings across 

all phases of fear conditioning is consistent with prior research (Duits et al., 2015), 

although the present study observed larger effect sizes. Overall, this indicates that 

individuals with anxiety- and stress-related disorders show a heightened response towards 

threatening stimuli, even in the absence of an actual threat during extinction. This has 

been related to slower extinction processes in anxiety- and stress-related psychopathology 

and may contribute to the maintenance and exacerbation of these disorders (Maren & 

Holmes, 2016; Milad & Quirk, 2012). While extinction models provide valuable insights 

for exposure-based CBT, they have limitations due to differences in stimuli and timing 

compared to clinical practices (Kredlow et al., 2022; Scheveneels et al., 2016).  

Regarding the discrimination between CS+ and CS- (i.e., ȹCS), no differences 

between participants with anxiety- and stress-related disorders and healthy participants 

were observed. This might suggest a broader pattern of heightened reactivity or context 

generalization effects and indicates that relying solely on difference measures in 

conditioning studies may obscure general alterations in response tendencies. Due to 

heterogeneity in reported clinical measures in primary studies, our data did not 

sufficiently allow for more detailed analyses of specific transdiagnostic symptom 

dimension associations. However, the few dimensional analyses in the present study 

underscore the need to move beyond categorical comparisons and consider the complex, 

heterogeneous nature of mental disorders and their co-occurrence using dimensional 

analyses. Overall, the present analyses revealed more effects in the realm of subjective 

ratings, particularly in affective evaluations, while physiological effects were only seen 

for FPS responses to the CS- during acquisition, as well as exaggerated FPS responding 
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to CS+ and ȹCS in PTSD. This underscores the distinction between different anxiety 

systems and the discrepancy between subjective ratings and physiological responses.  

In summary, study I strengthens and expands the central findings of Duits et al. 

(2015) by revealing heightened responses especially to safety cues during initial learning 

as well as its persistence after extinction, together with an increased affect rating of the 

threat cue during acquisition that appears to be resistant to extinction in anxiety- and stress 

related disorders. However, effect sizes were generally small to medium (see Figure 5), 

suggesting that although these alterations in fear and safety learning represent meaningful 

markers of anxiety-related psychopathology, they likely are among a broader 

constellation of factors. Additional differences between studies, e.g., variations in study 

design, stimulus type and number of presentations as well as discrepancies in clinical 

measures pose a significant challenge to synthesizing results. Further, participant 

diversity, variations in symptoms, and dependence on diagnostic categories that show 

significant comorbidity and heterogeneity are likely to enhance the overall heterogeneity 

within fear conditioning in anxiety- and stress-related disorders. This underscores the 

pressing need for greater standardization within fear conditioning research as well as 

more transdiagnostic approaches. 

 
Figure 5. Graphical representation of the effect sizes per stimulus type in participants with anxiety- and 

stress-related disorders vs. healthy participants. Bars reflect the standardized mean difference and error bars 

the standard deviation (SD) of the model after outlier removal in fear responses between participants with 

anxiety- and stress-related disorders minus healthy participants. Hence, positive effect sizes indicate 

stronger responses by patients with anxiety- and stress-related disorders compared to healthy participants. 

Error bars display the 95% confidence interval. US = Unconditioned stimulus; CS+ = Threat cue; CS- = 

Safety cue; ȹCS = Difference between CS+ minus CS; FPS = Fear-potentiated startle; SCR = Skin 

conductance response. 

* = p < .05, ** = p < .01, *** = p < .001. 
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3.2 Study II: Fear and Safety Learning Processes in Obsessive-Compulsive 

Disorder, Social Anxiety Disorder, and Specific Phobia 

This chapter was published in modified form in Psychophysiology: Sobania, K. 

M., Härpfer, K., Carsten, H. P., Lincoln, T. M., Kausche, F. M., & Riesel, A. (2026). Are 

Fear Learning Processes Altered in Obsessive-Compulsive Disorder, Social Anxiety and 

Specific Phobia? Insights from the Late Positive Potential, Fear-Potentiated Startle, and 

Ratings. https://doi.org/10.1111/psyp.70277  

3.2.1 Theoretical Background 

Evidence from the above-described meta-analysis (see study I) as well as previous 

meta-analytic evidence revealed that when compared to healthy controls, participants 

with anxiety- and stress-related disorders seem to exhibit heightened fear responses to 

conditioned safety cues (i.e., CS-) during fear acquisition and fear extinction as well as 

overall increased negative affect towards both stimuli (i.e., CS+ and CS-) regardless of 

phase (Duits et al., 2015; Kausche et al., 2025; Lissek et al., 2005). Additionally, Cooper 

et al. (2022) and Fraunfelter et al. (2022) provide meta-analytic evidence for a small 

positive effect in favor of heightened fear overgeneralization in participants with anxiety- 

and stress-related disorders relative to healthy controls. Yet, comparability is limited due 

to methodological differences, inconsistencies across studies, and few studies examined 

multiple disorders simultaneously (Kausche et al., 2025). Additionally, considerable 

symptomatic heterogeneity, symptom overlap, and comorbidity between different 

anxiety- and stress-related disorders as well as a possible publication bias have to be taken 

into account when interpreting these findings (Cooper et al., 2024; Kausche et al., 2025). 

Specifically, these considerations underline the need to investigate differences in fear and 

safety learning across the diagnostic spectrum of anxiety-related psychopathology. 

Importantly, comparing different anxiety- and stress-related disorders simultaneously, 

using one single paradigm and multiple outcome measures may contribute to a better 

understanding of shared and distinct underlying processes (Cooper et al., 2024; Sep et al., 

2019). This, in turn, may offer insights into the development, maintenance, and treatment 

of anxiety- and stress-related disorders (Foa & Kozak, 1986; Hofmann & Smits, 2008; 

Milad & Quirk, 2012; Rosenberg et al., 2024a). These analyses can be further refined and 

expanded to include dimensional analyses of commonly shared symptom dimensions that 

overlap across disorders or are frequently comorbid such as anxious apprehension and 

https://doi.org/10.1111/psyp.70277
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anxious arousal (Clark & Watson, 1991; Cox et al., 2010; Härpfer et al., 2021; Krueger, 

1999; Sharp et al., 2015): SP is characterized by primarily circumscribed fear with strong 

anxious arousal, OCD by pronounced anxious apprehension, and SAD by a combination 

of both dimensions (Clark & Watson, 1991; Cox et al., 2010; Krueger, 1999; Sharp et al., 

2015). Additionally, depressive disorders are the most common comorbidity of anxiety 

disorders and OCD (Saha et al., 2021). Anxiety symptoms are related as well as distinct 

to symptoms of depression (Craske et al., 2009). Thus, there is a need to examine 

alterations in fear conditioning processes due to comorbid depression in anxiety- and 

stress-related disorders. 

3.2.2 Research Aim and Hypotheses 

In light of these findings and considerations, our preregistered study 

(https://osf.io/cfqm9) aimed to explore fear conditioning processes in a transdiagnostic 

sample of participants with different anxiety- and stress-related disorders, i.e., OCD, 

SAD, SP, and unaffected controls. Specifically, while we recruited the sample according 

to the primary diagnosis of individuals, the aim was to integrate diagnosis-based 

categorical with symptom-specific dimensional analyses. To this end, we used multiple 

outcome measures (i.e., shock expectancy ratings, FPS, and LPP) as well as multiple fear 

conditioning phases including fear acquisition, generalization, and extinction. We 

preregistered hypotheses regarding categorical as well as dimensional analyses which 

relate equally to the main outcome measures. For the categorical analyses, we 

hypothesized that during fear acquisition all groups would show differential fear 

acquisition. We further hypothesized that, whereas participants with SAD and SP 

compared to controls would show increased responding to the CS+ and CS-, participants 

with OCD compared to controls would show increased responding only to the CS+. For 

fear generalization we hypothesized that all groups would show fear generalization and 

that participants with OCD, SAD, and SP would show increased fear generalization 

compared to controls. Lastly, for fear extinction we hypothesized that all participants 

would show fear extinction and that those with OCD, SAD, and SP compared to controls 

would show reduced fear extinction. For the dimensional analyses, we hypothesized that 

during fear acquisition, anxious arousal would be associated with enhanced responding 

towards the CS+ and CS-, and anxious apprehension would be associated with enhanced 

responding towards the CS+. During fear generalization, we hypothesized that anxious 

https://osf.io/cfqm9
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arousal would be associated with enhanced responding to all GS, and anxious 

apprehension primarily with enhanced responding to the most ambiguous GS, i.e., the 

stimulus equally similar to the CS+ as well as CS- (GSU). Lastly, during fear extinction, 

we hypothesized that anxious arousal as well as anxious apprehension would be 

associated with delayed fear extinction. 

3.2.3 Methods 

3.2.3.1 Participants 

Using G*Power version 3.1.9.7 (Faul et al., 2007, 2009), an a priori sample size 

calculation was conducted. Drawing from previous meta-analytic findings (Duits et al., 

2015), medium-sized effects for the main effect of acquisition (f = 0.3) were assumed. 

Calculating a power analysis for mixed-measures ANOVA (numbers of measurements  

n = 2) for four groups, using a power of .80, an Ŭ = .05, and a correlation among repeated 

measures of 0.5 as in Cohen (1988), analysis suggested that such an effect could be 

detected with a sample size of n = 37 per group. 

Exclusion criteria were: history of any neurological disorder, current or lifetime 

substance-related disorders and schizophrenia spectrum disorder, current manic episode 

in the context of a bipolar disorder, use of benzodiazepines during the last week, and 

neuroleptic medication during the last three months. Further exclusion criteria for the 

control group included: current or lifetime diagnosis of OCD, SAD, and/or SP. In order 

to recruit a realistic community control group, participants with any other current 

diagnoses of mental disorders were not excluded. In total, three participants in the control 

group fulfilled criteria for a current mental disorder (i.e., skin-picking disorder, 

premenstrual dysphoric disorder, and primary insomnia). None were diagnosed with a 

current anxiety- or stress-related nor with a current mood disorder. Presence of current 

psychiatric diagnoses was assessed in all participants during an interview using the 

Structured Clinical Interview for DSM-5 Disorders ï Clinical Version (SCID-5-CV; 

Beesdo-Baum et al., 2019; First et al., 2016). Comorbidities within the anxiety- and 

stress-related disorder spectrum were allowed. Participants were assigned to the clinical 

groups based on their primary diagnosis. 

Initially, 163 participants were invited to the laboratory assessment, but five 

participants were excluded due to experiment discontinuation and another two 

participants were mistakenly included in the study despite meeting an exclusion criterion. 
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The final sample included n = 156 participants (n = 38 participants with OCD, n = 39 

participants with SAD, n = 40 participants with SP, and n = 39 unaffected control 

participants). Groups were matched for self-identified gender (n = 118 female, n = 38 

male), age (M = 28.44, SD = 7.98), and years of education (M = 12.17, SD = 0.98), see 

Table 6 for demographic and clinical characteristics. 

3.2.3.2 Procedure 

The study was preregistered and approved by the local ethics committee of the 

University of Hamburg (AZ: 2021_351). Deviations from the preregistration as well as 

reasons are listed in Appendix B-1. Participants were recruited via the outpatient unit of 

the University of Hamburg and external advertisements, gave written informed consent 

and received either course credit or monetary compensation for study participation. 

During the laboratory assessment, participants performed a series of tasks in the following 

order: a resting state measurement, a flanker task, a passive picture viewing task, a No 

Threat/Predictable Threat/Unpredictable Threat task, as well as the differential fear 

conditioning task that is the focus of this study. Additionally, they completed a battery of 

questionnaires including various facets of clinical symptom-specific dimensions (see 

Appendix B-2 for an overview of all questionnaires and diagnostic instruments). Relevant 

to the present research questions were the following dimensions with the corresponding 

questionnaires: Anxious apprehension was measured by the Penn State Worry 

Questionnaire (PSWQ; 16 items, 5-point Likert scale 1ï5; Cronbachôs Ŭ = .94; Glöckner-

Rist & Rist, 2006; Meyer et al., 1990), anxious arousal by the respective subscale of the 

Mood and Anxiety Symptom Questionnaire (MASQ-AA; 17 items, 5-point Likert scale 

1ï5; Cronbachôs Ŭ = .88; Watson et al., 1995; Watson & Clark, 1991), and depression 

symptoms by the Beck Depression Inventory-II (BDI -II; 21 items, 4-point Likert scale  

0ï3; Cronbachôs Ŭ = .95; Beck et al., 1996; Hautzinger et al., 2006).  

The differential fear conditioning task (see Figure 6 for an overview and details 

on stimulus presentation) was displayed using Presentation Software (Neurobehavioral 

Systems, Inc., Albany, California) on a 19-inch monitor with a resolution of 1920 × 1080 

pixels and a refresh rate of 120 Hz. Participants sat in a dimly lit, electrically shielded 

cabin at a viewing distance of approximately 24 inches.  
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OCD a  

(n = 38) 

 SAD b  

(n = 39) 

 SP c 

(n = 40) 

 CON d 

(n = 39) 

 
Group Comparison 

M SD  M SD  M SD  M SD  c2 / F df ʂς p 

                

29/9   29/10   31/9   29/10   0.15 3  .985 

29.13 7.55  28.74 7.67  27.63 9.72  28.28 6.86  0.25 3, 152 .01 .858 

12.11 1.03  12.36 0.87  12.10 1.03  12.13 0.98  0.63 3, 152 .01 .598 
                

29.03bcd 11.39  11.54ad 8.86  9.28a 10.07  5.51ab 4.74  49.54 3, 150 .50 <.001 

46.65bd 29.89  71.46acd 28.76  32.24b 23.91  20.90ab 17.64  28.57 3, 149 .37 <.001 

8.24d 8.65  6.54d 7.39  8.87d 7.79  1.74abc 3.79  7.74 3, 148 .14 <.001 

57.97cd 11.84  57.77cd 9.05  48.68abd 13.73  39.90abc 11.43  21.27 3, 152 .30 <.001 

29.16d 9.55  28.13d 7.93  24.55 8.11  21.95ab 5.96  6.70 3, 152 .12 <.001 

52.14cd 11.60  53.36cd 10.04  39.77ab 12.39  35.10ab 7.63  28.40 3, 150 .36 <.001 

44.78cd 13.51  45.53cd 10.37  34.97ab 9.23  32.53ab 5.91  16.54 3, 148 .25 <.001 

17.11cd 12.12  16.97cd 12.51  8.08ab 9.57  3.67ab 4.53  16.72 3, 150 .25 <.001 
                

3.05cd 1.90  3.13cd 2.08  1.98abd 1.53  0.13abc 0.34  29.32 3, 152 .37 <.001 

8/30  
 

12/27  
 

4/36  
 

0/39  
 

16.01 3  .001 

Antidepressants (yes/no) 9/29   4/35   2/38   0/39   13.80 3  .003 

55.79cd 9.25  58.34cd 11.44  75.40abd 11.41  88.74abc 6.37  95.28 3, 151 .65 <.001 

22.39 5.55  - -  - -  - -  - - - - 

Table 6. OCD = Obsessive-Compulsive Disorder; SAD = Social Anxiety Disorder; SP = Specific Phobia; CON = Control Group; Self-identified gender (f = female, m = male); 

age and education in years; OCI-R = Obsessive-Compulsive Inventory-Revised; LSAS-SR = Liebowitz Social Anxiety Scale ï self report; SMSP = Severity Measure for Specific 

Phobia; PSWQ = Penn State Worry Questionnaire; MASQ-AA = Mood and Anxiety Symptom Questionnaire (Anxious Arousal Subscale); STAI = State-Trait-Anxiety Inventory 

(Trait and State Subscale); BDI-II = Beck Depression Inventory II; Diagnoses include index and comorbid diagnoses (n); GAF = Global Assessment of Functioning; YBOCS = 

Yale-Brown Obsessive Compulsive Scale (was only conducted when individuals had an OCD diagnosis). Degrees of freedom are deviating for some questionnaires due to missing 

data; means with different subscripts within rows indicate significant differences between the groups (the letters indicate to what group a significant difference was found with a = 

OCD, b = SAD, c = PHOB, d = CON) according to Sidak corrected post-hoc t-tests with p < .05. N = 156. Significant differences (p < .05) are printed in bold.
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Figure 6. Schematic representation of the four phases during the differential fear conditioning task of study 

II. During habituation, the startle probe was presented first, five times without the presentation of the 

conditioned stimuli (CS; colored circles), followed by the CS two times each. An unpleasant but not painful 

electrotactile shock to the back of the dominant hand (flash symbol) served as unconditioned stimulus (US). 

During acquisition the CS+ and the CS- were presented 15 times each, with a reinforcement rate of 80%. 

During generalization the five CS were presented 15 times each with a reinforcement rate of 80%. During 

extinction the CS+ and CS- were presented 15 times each and no US was applied. During the whole task, 

the startle probe (speaker symbol) was delivered during 50% of the CS trials and 50% of the inter-trial 

intervals (ITIs). The color of the CS+ was counterbalanced across participants. The duration of the stimuli 

presentation was 2600 ms, the duration of the ITIs was counterbalanced between 1500ï2500 ms. US onset 

was 2450 ms after CS onset and until CS offset. Startle onset was 600 ms prior to CS or ITI offset. 

 

The task consisted of four different phases: habituation, fear acquisition, fear 

generalization, and fear extinction. These phases were conducted consecutively and 

without any breaks. Five colored circles with a resolution of 172 × 172 pixels (visual 

angle Ŭ = 4.5Á) served as conditioning stimuli (CS). The color of the circles varied along 

a blue to green dimension. The bluest and greenest stimulus served as CS+ and CS-, 

counterbalanced across participants. The stimuli in between served as GS. One GS was 

most similar to the blue circle, one most similar to the green circle, and one GS was the 

most ambiguous stimulus, incorporating equally blue and green color (see Appendix B-3 

for an overview of the color coding). An electrotactile shock to the back of the dominant 

hand served as the US. Prior to the experiment, a shock workup procedure was conducted: 

First, the individual perception threshold was determined, followed by a gradual increase 

in intensity to identify a level that was perceived as unpleasant but not painful. The 

approximate total duration of the task was 15ï20 minutes. To measure the FPS, a startle 

sound was delivered consisting of 95 dB bursts of white noise (50 ms, rise/fall time < 1 

ms) delivered binaurally through headphones. Prior to the presentation of the CS and GS 

during the habituation phase, five noise alone trials were delivered for habituation 

purposes towards the startle probe (Blumenthal et al., 2005). After every phase, 

participants rated all presented stimuli according to their shock expectancy (how much 
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did you expect an electric shock when you saw the following circle?), the valence of the 

US (how unpleasant was the electrical stimulus during the experiment?), and the valence 

of the startle probe (how unpleasant was the acoustic stimulus during the experiment?) 

on a visual analog scale from 0 to 100. 

3.2.3.3 Electrophysiological Recording and Preprocessing 

Using 61 Ag/AgCl-electrodes mounted on a cap with equidistant electrode sites 

(Easycap, Herrsching, Germany) and two 32-channel BrainAmp amplifiers (Brain 

Products GmbH, Gilching, Germany), EEG signals were recorded with a band-pass filter 

of 0.01 to 250 Hz and digitized continuously at a sampling rate of 1000 Hz. Recording 

reference was located between AF3 and Fz, the ground electrode between AF4 and Fz. 

An external electrode was placed at the left infraorbital site for vertical eye movements. 

EEG data were processed in Brain Vision Analyzer 2.2.2 (Brain Products GmbH, 

Gilching, Germany). First, a band-pass filter with a low cut-off of 0.1 Hz and a high cut-

off of 30 Hz (24 dB/oct roll-off) as well as a notch filter of 50 Hz were applied to the 

continuous EEG signals. Subsequently, ocular artifacts were corrected by using an 

independent component analysis (ICA; Jung et al., 2000). Relevant components were 

semi-automatically identified and manually checked by visual inspection of the scalp 

topography, the component activation, and the inspection of the corrected EEG signal. 

Continuous data then were re-referenced to the average of all scalp electrodes and 

segmented into response-locked epochs (CS: -200 ms to 2600 ms) and startle probe-

locked epochs (FPS: -50 ms to 500 ms). Segments containing artifacts (i.e., absolute 

voltage range exceeding 200 µV, voltage step exceeding 50 µV between consecutive data 

points, or maximum voltage difference of less than 0.5 µV within 100 ms intervals) were 

automatically removed. Because the study involves a unique clinical sample and the LPP 

is a longer ERP component that may be more susceptible to artifacts, we preregistered 

the exclusion of participants from data analysis if more than 50% of all trials contained 

artifacts (Luck, 2014). Notably, however, the highest percentage of trial rejection was 

14.81%, indicating overall high data quality. EEG data were corrected for the baseline 

interval of -200 ms to 0 ms. Finally, the LPP was quantified as the mean activity at the 

Pz electrode between 300 ms until 1000 ms (e.g., Cuthbert et al., 2000; Foti et al., 2009; 

Hajcak & Olvet, 2008; Weinberg & Hajcak, 2011). 



Study II 

63 
 

For the FPS, two Ag/AgCl electrodes with a sensor diameter of 6 mm were placed 

below the right eyelid to measure the surface electromyography of the eyeblink 

component of the startle reflex. A ground electrode was placed on the right infraorbital 

triangle. Data were recorded with a sampling rate of 1000 Hz. The data were preprocessed 

using filtering (28 to 500 Hz, 24 dB/octave roll-off), rectification, baseline correction 

(baseline = 50 ms prior to startle probe onset), and integration (9 ms moving average). 

For each stimulus cue in each phase, segments from -500 ms to 250 ms relative to the 

startle probe were extracted. This segmentation was followed by detecting segments with 

excessive noise or spontaneous blinks that were scored as ñmissing valueò. This detection 

took place automatically using the EMG Onset Search macro implemented in Brain 

Vision Analyzer 2.2.2. In a time window of -50 ms to 20 ms (relative to startle probe, i.e., 

refractory period), deviations Ó 4 SD from either of two baselines (-500 ms to -300 ms 

and -300 ms to -100 ms relative to startle probe) were scored as ñmissing valueò and 

omitted from analyses and further detection of startle blinks. Two baselines were used to 

avoid spontaneous blinks in either baseline period that could result in the inability of the 

algorithm to pick up blinks in the refractory period. Using the same algorithm, startle 

probe onset 20 ms to 120 ms after startle probe was determined by deviations Ó 4 SD 

from the baseline -50 ms to 0 ms relative to startle probe and the highest peak was scored 

in a 25 ms to 150 ms window relative to the startle probe. Undetectable responses (i.e., 

segments that are neither ñmissing valuesò nor contain Ó 4 SD baseline deviations in the 

response time window) were scored as zero and included into the analyses (i.e., startle 

magnitude, cf. Blumenthal et al., 2005). To ensure the availability of sufficient startle 

reactions, participants were excluded from the startle analyses if they showed zeros or 

ñmissing valuesò to > 66% of the startle probes including the 5 startle trials presented in 

the initial startle habituation phase (cf. Kuhn et al., 2020). This was the case for n = 5 

participants. Using R version 4.4.2 (R Core Team, 2023) and RStudio version 2024.04.2 

(RStudio Team, 2023), data were t-standardized for all analyses except linear mixed-

effects models where raw single trial data were used. 

3.2.3.4 Statistical Analysis 

For statistical analyses, IBM SPSS Statistics version 29.0.2.0 (SPSS, Inc., 

Chicago) and R version 4.4.2 (R Core Team, 2023) using RStudio version 2024.04.2 

(RStudio Team, 2023) were used. A significance level of Ŭ = .05 was used for all analyses. 
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For post-hoc comparisons, p-values were Sidak corrected. Separate univariate analyses 

of variance (ANOVAs) were used to examine differences in demographical and clinical 

variables. 

For hypotheses testing, linear mixed-effects models using the lme4 version 1.1.37 

(Bates et al., 2015) and lmerTest version 3.1.3 (Kuznetsova et al., 2017) package in R 

were fitted. The dependent variable (DV) was modeled as a function of fixed effects and 

subject-level random intercepts. First, a null model was specified, including only a 

random intercept for participant (ID), to estimate the proportion of variance attributable 

to between-subject differences: 

DV ~ 1 + (1 | ID) 

For shock expectancy ratings of the acquisition and generalization phase, the null 

model exhibited singular fit, likely due to limited variance in the random effects. In order 

to preserve model consistency across outcome measures and because of our repeated-

measures design, the full random-effects structure was retained. However, results for 

these two models should be interpreted more cautiously, as parameter estimates may be 

less reliable (Field, 2023, p. 1002). Next, a full model was computed to test the effects of 

stimulus cue (i.e., CS+ and CS- for acquisition and extinction as well as CS+, GS+, GSU, 

GS-, and CS- for generalization), group (i.e., OCD, SAD, SP, and control), and three 

mean-centered continuous predictors (i.e., anxious apprehension measured with the 

PSWQ, anxious arousal measured with the MASQ-AA, and depressive symptoms 

measured with the BDI-II) as well as their full interaction with stimulus cue and group: 

DV ~ stimulus cue × group × PSWQ + stimulus cue × group × MASQ-AA + stimulus 

cue × group × BDI-II + (1 | ID) 

In contrast to the symptom-specific anxiety dimensions which were preregistered, 

dimensional analyses of depressive symptoms were exploratorily included. The model 

for the shock expectancy rating during the generalization phase was computed without 

the BDI-II due to multicollinearity. Thus, influences of the BDI-II were checked 

separately. Results indicated no significant influence of BDI-II levels on shock 

expectancy ratings during generalization and can be found in Appendix B-4. Model 

summaries, degrees of freedom, test statistics, and standard errors were extracted using 

the lmerTest version 3.1.3 (Kuznetsova et al., 2017), parameters version 0.26.0 (Lüdecke 
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et al., 2020), and sjPlot version 2.8.17 (Lüdecke, 2024) packages. Model fit was evaluated 

using marginal and conditional R² values, and standardized effect sizes (partial R²) were 

calculated using the r2glmm version 0.1.3 (Jaeger, 2025) package. To identify the most 

parsimonious model, a backward model selection procedure starting from the full model 

was applied. For these resulting reduced models, significance testing of fixed effects was 

performed using a Type III ANOVA with Satterthwaiteôs method to obtain F-statistics 

and p-values. For post hoc comparisons, estimated marginal means (EMMs) and 

conditional trends were computed using the emmeans version 1.11.1 (Lenth, 2025) 

package. 

Fear generalization was defined as an increase in fear response with increasing 

similarity to the threat-associated CS+. This was analyzed via EMMs between the CS and 

GS. As there are numerous indices to quantify fear generalization (Stegmann et al., 2025), 

a fear generalization index (GI) was additionally generated by normalizing the mean 

response of the GS for responding to the CS+. This was compared between groups using 

an ANOVA:  

GI = Ɇ(GS+, GSU, GS-) 

            CS+ 

Additional non-preregistered analyses were conducted. First, in order to test for 

changes across phases, one linear mixed-effect model for each outcome measure was 

carried out including the factor phase (i.e., habituation, acquisition, generalization, and 

extinction for shock expectancy rating as well as acquisition, generalization, and 

extinction for FPS and LPP data), stimulus cue (i.e., CS+ and CS- only), and group (i.e., 

OCD, SAD, SP, and control): 

DV ~ stimulus cue × phase × group + (1 | ID) 

Again, Sidak corrected EMMs were used for post hoc comparisons. Second, in 

order to investigate group differences regarding startle and shock valence, two mixed-

measures ANOVAs with the between-subject factor group and the within-subject factor 

phase (i.e., acquisition and generalization for shock valence as well as acquisition, 

generalization, and extinction for startle valence) were conducted. Third, Bayesian 

analyses were conducted for the main outcome measures to better parameterize our 

observed null effects using JASP version 0.18.2 (JASP Team, 2023). Lastly, exploratory, 

we split up our sample in different clinical categories. Firstly, in two groups to compare 
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individuals with any current anxiety- or stress-related disorder (i.e., anxiety disorders, 

OCD, and PTSD) to individuals without any of these diagnoses. Secondly, in three 

groups, were we additionally compared individuals with any current anxiety- or stress-

related disorder with a current comorbid depression (i.e., current MDD or dysthymia), to 

individuals with a current anxiety- or stress-related disorder without a current comorbid 

depression, and individuals without any such diagnoses. After dividing the groups, 

models were fitted using linear mixed-effects models with an identical null model as 

described above and the following full model: 

DV ~ stimulus cue × group + (1 | ID) 

Again, for post hoc comparisons, EMMs were computed. 

3.2.4 Results 

Due to missing data and dropouts, the number of participants varies for each 

outcome measure. An overview of missing data as well as the reasons therefore are 

listed in Appendix B-5. 

3.2.4.1 Demographical and Clinical Data 

There were no significant differences regarding gender, age, or years of education 

between the groups (all ps > .598). Overall, there were significant differences in the 

questionnaire and clinical interview scores with higher clinical burden in the clinical 

groups (see Table 6 for an overview and statistics, Appendix B-6 for figures displaying 

the distribution across groups). According to the assessed questionnaires, obsessive-

compulsive symptoms were most prominent in the OCD group and social anxiety 

symptoms were most prominent in the SAD group. While the SP group reported the 

highest SP symptoms, it was not significantly different from the OCD and SAD groups. 

Anxious apprehension and depressive symptoms were most pronounced in the OCD and 

SAD groups and significantly higher compared to the SP and control groups. Anxious 

arousal was also most pronounced in the OCD and SAD groups and significantly higher 

compared to the control group, with the SP group being in between. The global 

assessment of functioning (GAF; American Psychiatric Association, 2000; DSM-IV 

version) revealed the highest level of functionality for the control group, a significantly 

lower level for the SP group and, again, significantly lower levels for the OCD and SAD 

groups. 
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3.2.4.2 Shock and Startle Valence 

For shock valence, there were no significant main effects of phase  

(F(1, 147) < 0.01, p = .965, ʂ < .001), or group (F(3, 147) = 1.47, p = .224, ʂ = .029), 

nor a significant interaction effect (F(3, 147) = 0.95, p = .421, ʂ = .019). Analysis of 

startle valence revealed a significant main effect of group (F(3, 147) = 4.59, p = .004, 

ʂ = .086). Post hoc pairwise comparison further revealed a significant difference 

between the SAD and control group (p = .002), with the control group rating the startle 

valence as significantly more unpleasant compared to the SAD group. There was no 

significant main effect of phase (F(2, 294) = 0.60, p = .519, ʂ = .004), or interaction 

between group and phase (F(3, 294) = 0.38, p = .863, ʂ = .008). 

3.2.4.3 Fear Acquisition 

Model fit indices as well as all effects for the different outcome measures during 

fear acquisition are displayed in Table 7. Backward model selection yielded the following 

models:  

Shock expectancy rating ~ stimulus cue × group + stimulus cue × MASQ-AA + (1 | ID) 

FPS ~ stimulus cue × MASQ-AA + (1 | ID) 

LPP ~ stimulus cue × group × BDI-II + (1 | ID) 

Shock Expectancy Rating. A significant main effect of stimulus cue (p < .001) and 

a significant interaction effect for stimulus cue × group (p = .010) was found. Post hoc 

comparisons indicated a significantly higher shock expectancy rating for the CS+ 

compared to the CS- for all groups (OCD: t(146) =-37.59, p < .001; SAD: t(146) =-33.93, 

p < .001; SP: t(146) =-37.46, p < .001; control: t(146) =-37.61, p < .001) and higher 

shock expectancy ratings for the CS- in the SAD group compared to all other groups 

(SAD versus OCD: t(289) =-2.95, p = .021; SAD versus SP: t(289) =-2.81, p = .031; 

SAD versus control: t(289) =-2.91, p = .023; see Figure 7). Further, a stimulus cue × 

MASQ-AA interaction effect (p = .010) was found. Estimated marginal trends indicated 

that MASQ-AA levels had a significant positive effect for the CS+ (b= 0.31, SE = 0.11, 

95% CI: [0.10, 0.53]) but not for the CS- (b=-0.07, SE = 0.11, 95% CI: [-0.28, 0.15]). 

The contrast comparison confirmed that the slopes differed significantly (t(146) =-2.60, 

p= .010), indicating that increased MASQ-AA scores were associated with higher shock 

expectancy ratings for the CS+ (see Figure 8). 
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 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

.949 / .943 0.102 9.38 10.02      

Stimulus cue     5552.94 1, 146 <.001 .811 .780, .839 

Group     1.72 3, 146 .166 .041 .013, .102 

MASQ-AA     2.24 1, 146 .137 .001 .000, .022 

Stimulus cue × 

Group 

    3.93 3, 146 .001 .034 .010, .093 

Stimulus cue × 

MASQ-AA  

    6.76 1, 146 .010 .020 .001, .063 

FPS1 .685 / .015 0.680 38.11 39.78      

Stimulus cue     43.48 1, 1599 <.001 .020 .008, .035 

MASQ-AA     1.16 1, 144 .283 .001 .000, .008 

Stimulus cue × 

MASQ-AA  

    9.11 1, 1600 .003 .004 .000, .013 

LPP .544 / .087 0.050 0.89 1.12      

Stimulus cue     12.11 1, 141 <.001 .001 .000, .023 

Group     0.78 3, 141 .505 .004 .001, .042 

BDI-II      0.21 1, 141 .648 .004 .000, .032 

Stimulus cue × 

Group 

    0.67 3, 141 .573 .004 .001, .041 

Stimulus cue × 

BDI-II  

    1.67 1, 141 .198 .003 .000, .028 

Group × BDI-II      0.47 3, 141 .706 .014 .003, .061 

Stimulus cue × 

Group × BDI-II  

    2.72 3, 141 .047 .016 .003, .064 

Table 7. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

acquisition phase. Ὑ  = Conditional R2; Ὑ  = Marginal R2; Ὑ  = Partial R2; CI = Confidence interval; FPS 

= Fear-potentiated startle; LPP = Late positive potential; MASQ-AA = Anxious arousal subscale of the 

Mood and Anxiety Symptom Questionnaire; BDI-II = Beck Depression Inventory-II . Degrees of freedom 

are deviating for the outcome measures due to missing data. The full model included stimulus cue (i.e., 

CS+ and CS- for acquisition), group (i.e., four levels: OCD, SAD, SP, control), three mean-centered 

continuous predictors (i.e., PSWQ, MASQ-AA, BDI-II) as well as their full interaction with stimulus cue 

and group. For each outcome measure, an individual reduced model was computed using a backward model 

selection procedure. Significant effects (p < .05) are printed in bold. 
1 single trial data were used for the FPS. 

 

FPS. A significant main effect of stimulus cue (p < .001) was found with an overall 

increased response to the CS+ compared to the CS-. Importantly, the factor group and its 

interactions were not included in the reduced model, indicating no differences in FPS 

during acquisition between the categorical groups. A significant interaction for stimulus 

cue × MASQ-AA (p = .003) was found. Estimated marginal trends revealed that the 

slopes were neither significant for CS- (b = 0.28, SE = 0.59, 95% CI: [-0.89, 1.45]) nor 

for the CS+ (b = 0.97, SE = 0.59, 95% CI: [-0.20, 2.14]). However, the slope for the CS+ 

was descriptively stronger and differed significantly in comparison to the CS-  

(t(1600) = -3.02, p = .003), indicating that higher MASQ-AA scores were more strongly 

related to increased FPS for the CS+ (see Figure 8). 
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Figure 7. Shock expectancy ratings during acquisition across groups. OCD = Obsessive-compulsive 

disorder; SAD = Social anxiety disorder; SP = Specific phobia; CON = Control group. Depicted are the 

mean and the standard error (SE) of the shock expectancy ratings during the acquisition phase. 

 

 
Figure 8. Influence of anxious arousal on shock expectancy ratings and the fear-potentiated startle (FPS) 

during acquisition. Anxious arousal measured with the sum score of the Anxious Arousal subscale of the 

Mood and Anxiety Symptom Questionnaire (MASQ-AA). Increased MASQ-AA scores were associated 

with (A) higher shock expectancy ratings for the CS+, and (B) an elevated FPS response for the CS+ during 

acquisition. 

 

LPP. A significant main effect of stimulus cue (p < .001) was found, revealing an 

overall significantly higher response for the CS+ compared to the CS- (see Figure 9). The 

main effect of group and its interaction with stimulus cue did not reach significance, 

indicating no categorical influence of the factor group. A significant interaction of 
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stimulus cue × group × BDI-II (p = .047) was found, prompting further investigation 

using estimated marginal trends. Thus, for each stimulus cue × group combination, the 

slopes of BDI-II levels on the LPP were estimated. While some descriptive differences in 

slopes emerged (e.g., a positive slope for the control group for the CS-, indicating an 

increase in response for higher BDI-II levels (b = 0.06, SE = 0.06, 95% CI: [-0.05, 0.17]), 

pairwise contrasts of these slopes, however, revealed that none of the differences were 

statistically significant after Sidak correction (all ps > .800). 

 
Figure 9. Late positive potential (LPP) activity across acquisition. Depicted is the mean activity and 

standard error (SE) for the Pz electrode over all participants during acquisition. 

 

Taken together, all groups showed the expected pattern of results in task effects 

across outcome measures. For the SAD group, an increased shock expectancy rating for 

the CS-, however, no significant differences for any of the other outcome measures or 

clinical groups could be found. Therefore, our hypotheses regarding different fear and 

safety learning in OCD, SAD, and SP were only partially confirmed. Additionally, our 

hypotheses regarding anxious arousal and anxious apprehension were only partially 

confirmed. While anxious arousal appeared to be positively associated with shock 

expectancy ratings and FPS responses for the CS+, anxious apprehension was not 

included in the reduced models, indicating it did not influence fear acquisition. 

3.2.4.4 Fear Generalization 

Model fit indices as well as all effects for the different outcome measures during 

fear generalization are displayed in Table 8. Backward model selection yielded the 

following models:  
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Shock expectancy rating ~ stimulus cue × MASQ-AA + (1 | ID) 

FPS ~ stimulus cue + (1 | ID) 

LPP ~ stimulus cue × group × MASQ-AA + (1 | ID) 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

.795 / .733 0.231 16.57 17.78      

Stimulus cue     669.10 4, 596 <.001 .752 .727, .776 

MASQ-AA     3.06 1, 149 .082 .001 .000, .011 

Stimulus cue × 

MASQ-AA 

  

    2.95 4, 596 .020 .013 .004, .039 

FPS1 .646 / .012 0.642 38.76 39.48      

Stimulus cue 

  

    36.05 4, 3981 <.001 .033 .024, .047 

LPP .429 / .147 0.330 1.21 1.34      

Stimulus cue     25.78 4, 564 <.001 .026 .011, .057 

Group     0.05 3, 141 .985 .001 .000, .015 

MASQ-AA     0.01 1, 141 .908 .003 .000, .015 

Stimulus cue × 

Group 

    0.92 12, 564 .526 .012 .011, .050 

Stimulus cue × 

MASQ-AA 

    1.70 4, 564 .150 .006 .002, .029 

Group × 

MASQ-AA 

    2.23 3, 141 .087 .005 .001, .024 

Stimulus cue × 

Group × 

MASQ-AA 

    1.80 12, 564 .046 .023 .017, .065 

Table 8. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

generalization phase. Ὑ  = Conditional R2; Ὑ  = Marginal R2; Ὑ  = Partial R2; CI = Confidence interval; 

FPS = Fear-potentiated startle; LPP = Late positive potential; MASQ-AA = Anxious Arousal subscale of 

the Mood and Anxiety Symptom Questionnaire. Degrees of freedom are deviating for the outcome 

measures due to missing data. The full model included stimulus cue (i.e., CS+, GS+, GSU, GS- and CS- 

for generalization), group (i.e., four levels: OCD, SAD, SP, control), three mean-centered continuous 

predictors (i.e., PSWQ, MASQ-AA, BDI-II) as well as their full interaction with stimulus cue and group. 

For each outcome measure, an individual reduced model was computed using a backward model selection 

procedure. Significant effects (p < .05) are printed in bold. 
1 single trial data were used for the FPS.  

 

Shock Expectancy Rating. A significant main effect of stimulus cue (p < .001) was 

found. Post hoc comparisons using EMMs (see table B-7-1 in Appendix B-7 for stimulus 

cue comparisons and statistics) indicated not only an elevated response for the CS+ 

compared to all other stimuli but also for the GS+ (all ps < .001). The factor group and 

its interactions were not included in the reduced model, indicating no differences in shock 

expectancy ratings during generalization between the categorical groups. A significant 

interaction for stimulus cue × MASQ-AA (p = .020) was found. Further, estimated 

marginal trends revealed a significant positive association between MASQ-AA levels and 

shock expectancy ratings for the GS+ (b = 0.73, SE = 0.20, 95% CI: [0.34, 1.11]), whereas 
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all other stimuli showed nonsignificant trends. Sidak corrected pairwise contrasts 

indicated that the slope for the GS+ was significantly steeper compared to the GS-  

(t(596) = -2.86, p = .043) and GSU (t(596) = -3.00, p = .028), indicating that higher 

MASQ-AA scores were associated with higher shock expectancy ratings of the stimulus 

cue most similar to the CS+ (i.e., the GS+; see Figure 10). None of the other comparisons 

reached significance (all ps > .225). 

 
Figure 10. Influence of anxious arousal on shock expectancy ratings during generalization. Anxious arousal 

measured with the sum score of the Anxious Arousal subscale of the Mood and Anxiety Symptom 

Questionnaire (MASQ-AA). Increased MASQ-AA scores were associated with higher shock expectancy 

ratings for the GS+ during generalization. 

 

FPS. A significant main effect of stimulus cue (p < .001) was found. Sidak 

corrected post hoc comparisons using EMMs (see table B-7-2 in Appendix B-7 for 

stimulus cue comparisons and statistics) revealed that FPS responses to the CS+ were 

significantly elevated compared to all other stimuli (all ps < .001). Additionally, the GS+ 

also elicited significantly higher FPS responses compared to the GSU (p < .001), the GS- 

(p = .005), and the CS- (p < .001). Note that the factor group and its possible interactions 

were not included in the reduced model, indicating no influence of this factor. Symptom 
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dimensions and their possible interactions were not included in the reduced model either, 

indicating no influence of these variables on the FPS response during generalization. 

LPP. A significant main effect of stimulus cue (p < .001) was found. Therefore, 

Sidak corrected post hoc comparisons of the main effect of stimulus cue using EMMs 

were further investigated (see table B-7-3 in Appendix B-7 for stimulus cue comparisons 

and statistics). The results revealed a higher LPP response for the CS+ compared to all 

other stimuli (all ps < .001) as well as the GS+ compared to the GS- (p = .029) and CS- 

(p = .007; see Figure 11 and Appendix B-8 for GS topoplots). Again, the main effect of 

group and its interaction with stimulus cue did not reach significance, indicating no 

significant influence of the factor group. A significant interaction of stimulus cue × group 

× MASQ-AA (p = .046) was found. Using estimated marginal trends, for each stimulus 

cue × group combination, the slope of MASQ-AA levels on the LPP was estimated. There 

was a significantly negative association between the GS- in the SP group (b = -0.08,  

SE = 0.03, 95% CI: [-0.14, -0.01]), between the CS+ in the SAD group (b = -0.08,  

SE = 0.04, 95% CI: [-0.15, -0.01]) as well as a significantly positive association between 

the GS+ (b = 0.06, SE = 0.03, 95% CI: [0.00, 0.12]) and CS+ (b = 0.07, SE = 0.03,  

95% CI: [0.01, 0.13]) in the OCD group and MASQ-AA levels. However, for pairwise 

contrasts of these slopes, none of the differences were significant after Sidak correction 

(all ps > .304). 

 
Figure 11. Late positive potential (LPP) activity across generalization. Depicted is the mean activity and 

standard error (SE) for the Pz electrode over all participants during generalization. 

 

Generalization Index (GI). Mirroring the absence of group differences in the linear 

mixed-effects models (i.e., either by the not included factor of group in the reduced 

models or by nonsignificant group effects), comparison of the GI between all groups 
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revealed no significant differences (shock expectancy rating: F(3, 147) = 0.25, p = .859, 

ʂ = .005; FPS: F(3, 143) = 0.66; p = .581, ʂ = .014 ; LPP: F(3, 145) = 0.35; p = .790, 

ʂ = .007). 

Taken together, confirming our hypothesis, results suggest fear generalization for 

all groups in all outcome measures (i.e., shock expectancy rating, FPS, and LPP). We 

obtained a significant main effect of stimulus cue qualified by not only an elevated 

response for the CS+ compared to all other stimuli but also an elevated response for the 

GS+ compared to the GS- and CS- across all outcome measures (see Figure 12; Appendix 

B-7 for statistics of the post hoc stimulus cue comparisons). The factor group was either 

not included in the reduced models or effects including the factor group were 

nonsignificant. Furthermore, the GI between all groups revealed no significant group 

differences. Thus, we did not confirm our hypothesis that participants with OCD, SAD, 

and SP would show increased fear generalization compared to controls. Regarding the 

dimensional hypotheses, we found a positive association between shock expectancy 

ratings for the GS+ and anxious arousal (i.e., higher MASQ-AA levels were associated 

with higher shock expectancy ratings for the GS+) and no influence of anxious 

apprehension, which was partially in line with our hypotheses. 

 
Figure 12. Fear generalization across the (A) shock expectancy rating, (B) fear-potentiated startle (FPS), 

and (C) late positive potential (LPP). 

 

3.2.4.5 Fear Extinction 

Model fit indices as well as all effects for the different outcome measures during 

fear extinction are displayed in Table 9. Backward model selection yielded the following 

models:  
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Shock expectancy rating ~ stimulus cue + BDI-II + (1 | ID) 

FPS ~ stimulus cue + (1 | ID) 

LPP ~ stimulus cue + (1 | ID) 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

.581 / .274 0.422 18.69 22.38      

Stimulus cue     154.37 1, 150 <.001 .248 .172, .330 

BDI-II  

  

    17.18 1, 149 <.001 .083 .034, .150 

FPS1 .636 / .008 0.633 39.99 40.68      

Stimulus cue 

  

    39.06 1, 1591 <.001 .018 .008, .034 

LPP .308 / .013 0.299 1.09 1.25      

Stimulus cue     5.41 1, 148 .021 .013 .000, .051 

Table 9. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

extinction phase. Ὑ  = Conditional R²; Ὑ  = Marginal R²; Ὑ  = Partial R²; CI = Confidence interval; FPS 

= Fear-potentiated startle; LPP = Late positive potential; BDI-II = Beck Depression Inventory-II . Degrees 

of freedom are deviating for the outcome measures due to missing data. The full model included stimulus 

cue (i.e., CS+, and CS- for extinction), group (i.e., four levels: OCD, SAD, SP, control), three mean-

centered continuous predictors (i.e., PSWQ, MASQ-AA, BDI-II) as well as their full interaction with 

stimulus cue and group. For each outcome measure, an individual reduced model was computed using a 

backward model selection procedure. Significant effects (p < .05) are printed in bold. 
1 single trial data were used for the FPS. 

 

Shock Expectancy Rating. Results showed a remaining significant stimulus cue 

effect with significantly increased values for CS+ compared to the CS-, suggesting no 

complete fear extinction learning (p < .001). There was a significant main effect of  

BDI-II levels (p < .001). Estimated marginal trends revealed a significant positive 

association between BDI-II levels and shock expectancy ratings (b = 0.73, SE = 0.18, 

95% CI: [0.38, 1.08]) regardless of stimulus cue. For both the CS+ and CS-, higher 

depressive symptoms led to increased shock expectancy during extinction (see Figure 

13). Additionally, the factor group was not included in the reduced models, indicating no 

influence of this factor on shock expectancy ratings during extinction. 

FPS. There was a remaining significant stimulus cue effect. More precisely, there 

was a significantly higher response towards the CS+ compared to the CS-, indicating no 

complete fear extinction learning in the FPS response (p < .001). The factor group and its 

possible interactions were not included in the reduced model, indicating no influence of 

this factor. Symptom dimensions and their possible interactions were not included in the 

reduced model either, indicating no influence of these variables on the FPS response 

during extinction. 
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Figure 13. Influence of depressive symptoms on shock expectancy ratings. Depressive symptoms measured 

with the sum score of the Beck Depression Inventory-II  (BDI-II). Increased BDI-II levels were associated 

with higher shock expectancy ratings for the CS+ as well as the CS- during extinction. 

 

LPP. A significant stimulus cue effect remained (p = .021), with a higher LPP 

response for the CS+ compared to the CS-, indicating no complete fear extinction learning 

in the LPP either (see Figure 14). Mirroring the FPS, the factor group, symptom 

dimensions and their possible interactions were not included in the reduced model, 

indicating no influence of these variables on the LPP response during extinction. 

Taken together, extinction learning seems to not have been fully completed as the 

stimulus cue main effect remained significant throughout all outcome measures in the 

linear mixed-effect models. Further, the factor group was not included in any of the 

models. Therefore, we could not confirm our hypotheses that extinction learning would 

be impaired in the OCD, SAD, and SP groups compared to the control group. Anxious 

arousal and apprehension were not included in the reduced model, indicating that those 

symptom dimensions did not influence extinction learning, thus, we did not confirm our 

dimensional hypotheses. 
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Figure 14. Late positive potential (LPP) activity across extinction. Depicted is the mean activity and 

standard error (SE) for the Pz electrode over all participants during extinction. 

 

3.2.4.6 Exploratory Analyses  

3.2.4.6.1 Phase Effect 

As our findings indicate that extinction learning seems to not have been fully 

completed, one linear mixed-effects model for each outcome measure was carried out 

including the factor phase (i.e., habituation, acquisition, generalization, and extinction for 

shock expectancy rating as well as acquisition, generalization, and extinction for FPS and 

LPP data), stimulus cue (i.e., CS+ and CS- only), and group (i.e., OCD, SAD, SP, and 

control) to test for changes over the course of phases. For an overview of model fit indices 

as well as all effects for the different outcome measures and post hoc comparisons, see 

Appendix B-9. 

Shock Expectancy Rating. The interaction between stimulus cue and phase was 

significant (F(3, 735) = 336.19, p < .001, Ὑ  = .177, 95% CI: [.142, .218]). In all phases, 

except for the habituation (p = .409), the CS+ was rated significantly higher compared to 

the CS- (all ps < .001). Phase comparison revealed that for the CS+ the habituation rating 

was significantly lower compared to the ratings in all other phases (all ps < .001). The 

acquisition rating was not significantly different compared to the generalization rating (p 

> .999) but both were significantly higher compared to the extinction rating (all ps < 

.001). The CS- rating followed a different pattern. The habituation rating was 

significantly lower compared to the acquisition (p = .001) and generalization ratings (p < 

.001) but not the extinction rating (p > .999). The acquisition and generalization ratings 

did not differ significantly (p > .999) and both were significantly lower compared to the 

extinction rating (all ps < .002). Additionally, the model revealed a significant main effect 
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of group (F(3, 147) = 3.39, p = .020, Ὑ  = .009, 95% CI: [.003, .026]. Descriptively, the 

SAD and OCD group showed the highest ratings, regardless of stimulus cue and phase, 

however, Sidak corrected post hoc comparisons using EMMs revealed no significant 

differences (all ps > .125).  

FPS. There was a significant interaction between stimulus cue and phase  

(F(2, 4998) = 4.31, p = .014, Ὑ  < .001, 95% CI: [.000, .003]). The CS+ was significantly 

higher compared to the CS- in all phases (all  ps < .001). Phase comparison for the CS+ 

revealed that during acquisition the startle response was significantly higher compared to 

generalization (p = .035) and extinction (p < .001), and the generalization response was 

significantly higher compared to extinction (p < .001). For the CS-, the FPS response 

during acquisition was significantly higher compared to the generalization and extinction 

(all ps < .001), while generalization and extinction did not differ significantly (p = .995). 

LPP. Again, there was a significant interaction effect of stimulus cue and phase 

(F(2, 725) = 14.95, p < .001, Ὑ  = .013, 95% CI: [.003, .033]). The LPP response for the 

CS+ was constantly higher compared to the CS- (all ps > .026). Phase comparison 

revealed that for the CS+, the LPP response during acquisition was significantly lower 

compared to the generalization phase (p < .001) and both were significantly higher 

compared to extinction (all ps < .001). There were no significant differences between the 

phases for the CS- (all ps > .276). 

In summary, the pattern of analyses suggests that there was, in fact, a decrease in 

responding towards the CS+ during the extinction phase compared to the acquisition and 

generalization phases in all outcome measures. This indicates that extinction learning 

took place but seems to not have been fully completed as the stimulus cue main effect 

remained significant throughout all outcome measures (for an overview, see Figure 15). 

 

Figure 15. Fear and safety learning across all phases for the (A) shock expectancy rating, (B) fear-

potentiated startle (FPS), and (C) late positive potential (LPP). Hab = Habituation; Acq = Acquisition; Gen 

= Generalization; Ext = Extinction. 
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3.2.4.6.2 Bayesian Analyses 

Bayesian analyses quantifying evidence in favor of the null hypothesis did not 

reveal any group differences for the primary outcome measures (all P(M|data) < 0.037, 

all BF10 < 0.067). This strengthens our reported null effects for most of the group 

comparisons. Notably, the significant stimulus cue × group interaction observed for shock 

expectancy ratings during acquisition should be interpreted carefully as the model 

including the stimulus cue × group interaction (P(M|data) = 0.419, BF10 = 0.915) does 

not improve model fit compared to the model only including stimulus cue  

(P(M|data) = 0.458, BF10 = 1.000). 

3.2.4.6.3 Anxiety-Related Psychopathology and Comorbid Depression 

To assess the effect of clinical status regardless of disorder category, we compared 

individuals with any current anxiety- or stress-related disorder (i.e., anxiety disorders, 

OCD, PTSD; n = 117) to those without such a diagnosis (n = 39). This comparison did 

not reveal any significant group differences for any of the phases or outcome measures 

(all ps > .113; see Appendix B-10 for model fit indices as well as all effects for the 

different outcome measures across all phases). Additionally, based on the findings related 

to dimensional BDI-II level effects, we compared individuals with a current anxiety- or 

stress-related disorder with a current comorbid depression (i.e., current MDD or 

dysthymia; n = 24), individuals with a current anxiety- or stress-related disorder without 

a current comorbid depression (n = 93), and individuals without any anxiety- or stress-

related disorder (n = 39). The results (see Appendix B-11 for model fit indices as well as 

all effects for the different outcome measures across all phases) revealed a significant 

stimulus cue × group interaction for the FPS during the acquisition phase  

(F(1, 1598) = 3.07, p = .047, Ὑ  = .003, 95% CI: [.000, .011]). Post hoc comparisons 

using EMMs indicated a consistent difference between the CS+ and the CS- with a 

significantly higher response towards the CS+ (acquisition: t(1599) = -2.16, p = .031; 

generalization: t(1598) = -4.70, p < .001; extinction: t(1599) = -4.77, p < .001), and group 

differences were nonsignificant after Sidak correction (all ps > .764). However, for 

individuals without any disorder, the estimated difference was -7.84 (SE = 3.97, p = .049), 

for individuals with an anxiety- and stress-related disorder without comorbid depression 

it was -11.72 (SE = 2.52, p < .001), and for individuals with an anxiety- and stress-related 

disorders and comorbid depression -24.39 (SE = 5.02, p < .001). This points to a larger 
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effect in individuals with mental disorders and especially comorbid depression (see 

Figure 16). Further group differences were found for the extinction phase: There was a 

significant effect of the factor group for shock expectancy ratings (F(2, 148) = 5.82,  

p = .004, Ὑ = .030, 95% CI: [.006, .083]). Sidak corrected post hoc comparisons using 

EMMs revealed that individuals with a comorbid depression compared to individuals 

with an anxiety- or stress-related disorder without comorbid depression rated the shock 

expectancy significantly higher regardless of stimulus cue (t(148) = -3.32, p = .003) as 

well as individuals without any such diagnoses (t(148) = -2.89, p = .013; see Figure 16). 

Lastly, there was a significant stimulus cue × group interaction for the LPP during 

extinction (F(2, 146) = 3.79, p = .025, Ὑ = .018, 95% CI: [.002, .064]). Post hoc pairwise 

comparisons revealed that the differentiation between the CS+ and CS- in LPP activity 

was significant for individuals with a comorbid depression (t(146) = -3.29, p = .001), but 

not for individuals with an anxiety- or stress-related disorder without a comorbid 

depression (t(146) = -1.53, p = .128) or those without any disorder (t(146) = 0.20,  

p = .842, see Figure 16). Taken together, these results align with the pattern identified in 

the dimensional analyses. Furthermore, the findings strengthen the role of depressive 

symptomatology, suggesting that depressive symptoms were associated with impaired 

safety learning as reflected in self-report measures during extinction as well as stronger 

CS+/CS- differentiation for FPS responses during fear acquisition and LPP activity 

during extinction. 

 
Figure 16. Differences of individuals with a current anxiety- or stress-related disorder with and without a 

current comorbid depression compared to participants without any such diagnoses. A-/D- = No current 

anxiety- or stress related disorder, no current depression; A+/D- = current anxiety- or stress-related 

disorder, no current comorbid depression; A+/D+ = current anxiety- or stress-related disorder, current 

comorbid depression; FPS = Fear-potentiated startle; LPP = Late positive potential. Anxiety- or stress-

related disorders included a current diagnosis of any anxiety disorder, OCD, or PTSD. Depression included 

a current depressive episode or dysthymia. Significant effects of depression were found for (A) FPS 

responses during acquisition, (B) shock expectancy ratings during extinction, and (C) LPP activity during 

extinction. 
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3.2.5 Conclusion 

The aim of study II was to examine fear and safety learning processes in a large 

transdiagnostic sample of participants with the primary diagnosis of OCD, SAD, SP as 

well as unaffected control participants using multiple outcome measures, i.e., shock 

expectancy rating, FPS, and LPP data in a differential fear conditioning paradigm. The 

present results indicate that: (1) All participants acquired fear for the CS+ compared to 

the CS-; (2) All participants generalized fear to the GS+; (3) During extinction learning, 

there was a significant decrease in fear responses for the CS+ compared to acquisition 

and generalization. However, significantly higher reactions towards the CS+ compared 

to the CS- remained, indicating only partial extinction learning; (4) Contrary to our 

expectations, participants with OCD, SAD and SP did not show altered fear and safety 

learning processes compared to controls, with one exception: During acquisition, 

participants with SAD rated the shock expectancy for the CS- significantly higher 

compared to all other groups; (5) Increased anxious arousal was associated with higher 

CS+ shock expectancy ratings and FPS response during acquisition and higher GS+ shock 

expectancy ratings during generalization; (6) Higher depressive symptoms were 

associated with higher CS+ and CS- shock expectancy during extinction; (7) Exploratory 

analyses revealed that participants with an anxiety- or stress-related disorder (i.e., anxiety 

disorder, OCD, PTSD) and a comorbid depression (i.e., current MDD or dysthymia) 

compared to participants without a comorbid depression and participants without a 

current anxiety- or stress-related disorder showed greater differentiation between CS+ 

and CS- in their FPS response during acquisition as well as higher shock expectancy 

ratings and a significant CS+/CS- differentiation in LPP activity during extinction. Table 

10 displays a summary of the main findings. 

Across all outcome measures, for fear acquisition and generalization, we report 

expected task effects, i.e., increased responding to the CS+ as well as GS+ in comparison 

to the CS-. In contrast, extinction learning was only partially successful. Thus, the 

findings are in line with previous studies, although complete extinction is commonly 

reported (e.g., Lissek et al., 2008; Lonsdorf et al., 2017). As research on LPP activity in 

fear conditioning paradigms remains scarce, the present findings extend our knowledge 

on neural correlates in this context. During fear acquisition, the LPP was reliably 

enhanced for the CS+ compared to the CS-, consistent with previous findings (e.g., 

Bacigalupo & Luck, 2017; Dou et al., 2023; Sperl et al., 2021). Furthermore, the finding 
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that fear generalization was reflected in increased LPP amplitudes not only to the CS+ 

but also to the GS+, compared to the GS- and CS-, aligns with the only other study that 

examined generalization using LPP in a differential fear conditioning paradigm (Klein et 

al., 2024). Compared to shock expectancy and FPS, the LPP showed the smallest effect 

size during extinction, indicating less differentiation between CS+ and CS- on the neural 

level. This pattern highlights that attentional and neural processes reflected in the LPP 

may follow different dynamics than behavioral or self-reported measures in safety 

learning. Furthermore, this aligns with the dual-process account of fear and safety 

learning (Hamm & Vaitl, 1996; Hamm & Weike, 2005; LeDoux & Pine, 2016; Sevenster 

et al., 2012a). The inconsistencies observed across outcome measures, particularly the 

increased CS- response of SAD patients in shock expectancy ratings, but not in other 

outcome measures, suggest that cognitive biases may drive differences between 

participants with and without anxiety- and stress-related disorders. This might be 

detectably in the slower, consciously controlled system responsible for evaluating threat 

and safety. 

 Group Dimensional Exploratory 

 Exp FPS LPP Exp FPS LPP Exp FPS LPP 

Acquisition          

CS+    MASQ MASQ     

CS- SAD         

Generalization          

CS+          

GS+    MASQ      

GSU          

GS-          

CS-          

Extinction          

CS+    BDI   A+/D+  A+/D+ 

CS-    BDI   A+/D+  A+/D+ 

Table 10. Summary of the group and symptom-specific dimensional effects. Exp = Shock expectancy 

rating; FPS = Fear-potentiated startle; LPP = Late positive potential; SAD = Social anxiety disorder; MASQ 

= Anxious Arousal subscale of the Mood and Anxiety Symptom Questionnaire; BDI = Beck Depression 

Inventory-II; A+/D+ = Participants with a current anxiety- or stress-related disorder (anxiety disorder, 

OCD, or PTSD) and a current comorbid depression (i.e., current depressive episode or dysthymia). Gray 

cells indicate nonsignificant group differences or nonsignificant dimensional influences. Orange cells 

indicate significantly higher responses in the group/dimension listed in the corresponding cell, whereas 

blue cells indicate significantly lower responses in that group. A significance level of Ŭ = .05 was defined 

for all analyses. 

 

While many studies examine fear conditioning in anxiety-related 

psychopathology, few included multiple disorder groups. Aside from a significant effect 

in the rating data (i.e., higher CS- shock expectancy ratings for individuals with SAD 
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during acquisition), none of the outcomes related to the participantsô primary diagnosis 

and no group differences or interactions with group were observed. Notably, the group 

effect of higher CS- ratings in participants with SAD during fear acquisition is in line 

with the meta-analytic evidence described in study I, while the other reported null 

findings are not. Thus, these findings suggest that changes in fear conditioning in anxiety- 

and stress-related disorders may be smaller than often assumed (e.g., Adolph et al., 2023; 

Cooper et al., 2023). To address concerns about statistical power, post hoc sensitivity 

analyses using the R package simr (Green & MacLeod, 2016) were conducted. For each 

outcome measure and phase in the reduced models, the smallest detectable significant 

interaction effect was determined and analyses based on 1000 simulations with the 

Kenward-Roger method were conducted (see Appendix B-12 for details). Results showed 

that most reached the commonly accepted 80% threshold or fell just below it (Lakens, 

2022). However, some smaller interactions fell considerably below it, particularly for 

LPP activity during acquisition (power of 65.5%). Effects with a power below 80% 

should be interpreted with this consideration in mind. Of note, for shock expectancy 

ratings, the significant stimulus cue × group interaction during fear acquisition reached a 

power of 82.70%. Nonetheless, it remains possible that limited statistical power prevented 

the detection of small effects.  

Due to the substantial symptom overlap among different anxiety- and stress-

related disorders as well as comorbidities (e.g., Cooper et al., 2024; Craske et al., 2009; 

Goldstein-Piekarski et al., 2016; Krueger, 1999; Saha et al., 2021), we analyzed the data 

with a focus on the dimensional effects of transdiagnostic symptoms, specifically 

targeting core symptom dimensions relevant to anxiety- and stress-related disorders: 

anxious apprehension, anxious arousal, as well as depressive symptoms as most relevant 

comorbidity condition. Anxious arousal ï examined dimensionally and independent of 

diagnostic group ï was linked to heightened shock expectancy and FPS responses during 

acquisition and generalization, aligning with evidence of altered fear and safety learning 

in PTSD, which is also characterized by heightened anxious arousal (e.g., Cooper et al., 

2022; Duits et al., 2015). At the same time, comorbid depression was associated with 

disrupted extinction learning, reflected in higher shock expectancy ratings and increased 

differentiation between the CS+ and CS- in LPP activity. These findings highlight the 

importance of comorbid depressive symptoms when evaluating fear and safety learning 

processes. 
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In summary, except for an increased CS- shock expectancy during fear acquisition 

in SAD, no group differences emerged between individuals with OCD, SAD, SP, and 

controls in the fear conditioning paradigm of study II, although categorical, diagnosis-

based comparisons were partially limited by statistical power below the recommended 

80% threshold (Lakens, 2022). At the dimensional level, anxious arousal and depressive 

symptoms, both elevated in the clinical groups compared to the unaffected control group, 

were associated with impaired fear and safety learning across all participants. 

Specifically, anxious arousal was linked to altered fear acquisition and fear 

overgeneralization in shock expectancy ratings and FPS responses, whereas depressive 

symptoms as well as comorbid depression were associated with impaired extinction 

learning in shock expectancy ratings and LPP activity. Together, these findings 

underscore the importance of symptom dimensions and comorbid depression when 

evaluating fear and safety learning processes in anxiety- and stress-related disorders and 

should be considered in the treatment of these disorders to potentially enhance therapeutic 

outcomes.
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3.3 Study III : Fear and Safety Learning Processes in Obsessive-Compulsive 

Disorder and Participants at Risk 

This chapter is currently in preparation for publication in modified form: Sobania, 

K. M., Böcking, A., Lonsdorf, T., Lincoln, T., & Riesel, A. Fear Conditioning in 

Obsessive-Compulsive Disorder, Participants at Risk and Controls. https://osf.io/n87rx 

3.3.1 Theoretical Background 

Maladaptive alterations in fear conditioning processes as well as their underlying 

mechanisms and their interplay have been suggested to contribute to greater vulnerability 

for anxiety-related psychopathology (Beckers et al., 2023). As outlined in the theoretical 

background, there is a necessity of investigating fear conditioning in anxiety- and stress-

related disorders in order to advance our theoretical understanding of and provide insight 

for optimizing therapeutic interventions. To date, most research on altered fear and safety 

learning processes has been conducted within PTSD, while anxiety disorders and 

specifically OCD have been investigated less frequently (see study I). 

Some research suggests impaired fear and safety learning in OCD during fear 

acquisition, extinction, and extinction recall (e.g., Apergis-Schoute et al., 2017; Fyer et 

al., 2020; Nanbu et al., 2010). However, other studies did not report group differences 

(e.g., Cano et al., 2021; Milad et al., 2013) and to the best of our knowledge, no study has 

investigated fear generalization in individuals with OCD. Additionally, most evidence 

stems from self-report ratings and SCR measures, highlighting the need to incorporate 

additional indices, such as the LPP, to obtain a more comprehensive and mechanistically 

precise understanding of fear and safety learning within OCD. Moreover, empirical 

research has started to shift towards a more dimensional as well as transdiagnostic 

research approach to confront the challenges of heterogeneity, artificial dichotomization, 

and comorbidity within the categorical system of mental disorders (Cooper et al., 2024; 

Forbes et al., 2024). Further, depression is a common comorbidity of OCD (Rosenberg et 

al., 2024b; Saha et al., 2021). Thus, alterations in fear conditioning processes of 

participants with OCD associated with comorbid depression should be considered. 

Building on this, using a similar approach as in study II, study III focuses on combining 

categorical diagnosis-based and dimensional symptom-specific analyses as well as 

considering possible alterations of comorbid depression, specifically for OCD. 

https://osf.io/n87rx
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Furthermore, although fear and safety learning processes play a central role in the 

development, maintenance, and treatment of anxiety- and stress-related disorders, studies 

investigating their specific role in etiology and pathophysiology are still rare. To date, it 

remains unknown whether these alterations are a consequence of anxiety- and stress-

related symptomatology, a risk factor, or both. Most studies conducted are cross-

sectional, which limits conclusions about causality and predictability. To better 

understand these mechanisms, it is essential to investigate individuals with an increased 

risk for developing anxiety- and stress-related disorders but who do not yet exhibit any 

symptoms. Within a transdiagnostic context of anxiety-related psychopathology, both 

genetic and environmental factors should be considered. For example, the heritability of 

OCD is estimated to be around 50% and the disorder occurs more frequently among first-

degree relatives (Blanco-Vieira et al., 2023; Mataix-Cols et al., 2013). So far, unaffected 

first-degree relatives of individuals with OCD have not been examined in the field of fear 

conditioning, but could possibly be a promising approach to demonstrate whether 

alterations are present before the onset of symptoms. Likewise, exposure to ACEs is 

reported by around 60% of the general population (Madigan et al., 2023) and has been 

identified as a potent environmental risk factor associated with the development of 

various health conditions, including anxiety- and stress-related disorders (e.g., Hughes et 

al., 2017, 2021). Studies examining the association between ACEs and fear conditioning 

processes are often inconsistent. However, a recent review by Ruge et al. (2024) suggests 

that there is a pattern of deviant fear and safety learning in people who have experienced 

ACEs, showing a reduced discrimination between the CS+ and CS-, which may derive 

from a blunted response to the CS+. 

3.3.2 Research Aim and Hypotheses 

Against this background, it is essential to examine clinical populations using 

multiple phases of fear conditioning, a variety of outcome measures, and dimensional 

approaches. Additionally, to better understand whether altered fear and safety learning 

may function as a risk marker that precedes the development of symptoms, it is needed 

to incorporate data from at-risk participants (Gottesman & Gould, 2003). For this reason, 

the present preregistered study (https://osf.io/n87rx) aims at investigating the role of fear 

and safety learning in individuals with OCD, individuals at risk for anxiety-related 

psychopathology, and unaffected control participants. Specifically, those individuals at 

https://osf.io/n87rx
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risk are characterized by having a genetic risk for OCD, i.e., first-degree relatives of 

individuals with OCD, or participants with an environmental risk, i.e., participants with 

a history of ACEs. All hypotheses relate equally to the main outcome variables which 

include subjective ratings (shock expectancy and fear) and LPP activity. We hypothesize 

that during fear acquisition all groups will show differential fear acquisition. Further, we 

expect participants with OCD to show higher responses to the CS- compared to controls, 

and at-risk participants to show a response pattern towards the CS- that is similar to the 

response pattern of participants with OCD and therefore show higher responses compared 

to controls. For fear generalization, we hypothesize that all groups show gradual fear 

generalization. For fear extinction, we hypothesize that all groups show fear extinction. 

However, we expect participants with OCD to show higher responses to the CS+ 

compared to controls, and again, expect a similar pattern in the at-risk participants with 

higher responses to the CS+ compared to controls. For the generalization and RoF phase, 

we did not formulate any hypotheses regarding the categorical comparison as there is not 

enough literature on OCD for these phases. Given the broader paradigm shift in clinical 

psychology, as exemplified by the HiTOP framework to use more dimensional models 

(Cooper et al., 2024; Forbes et al., 2024), symptom-specific dimensional variables for 

obsessive-compulsive symptoms and depressive symptoms were additionally included in 

exploratory analyses. 

3.3.3 Methods 

3.3.3.1 Participants 

Using G*Power version 3.1.9.7 (Faul et al., 2007, 2009), an a priori sample size 

calculation was conducted. Drawing from previous meta-analytic findings (Duits et al., 

2015), small- to medium-sized effects for acquisition (d = 0.3) and extinction (d = 0.35) 

were assumed. Calculating a power analysis for mixed-measured ANOVA (number of 

measurements n = 2) for within-between interactions as in Cohen (1988), using a medium 

effect size (f(V) = 0.3), and an Ŭ = .05 for four groups, led to an estimated total sample 

size of 164 participants to reach a power of .90. 

Inclusion criteria for participants were to be aged between 18 and 65 years, 

speaking German fluently, having normal or corrected-to-normal vision, and being able 

to provide written informed consent. Exclusion criteria for all subjects were a history of 

any neurological disorder, current or lifetime substance-related or schizophrenia spectrum 
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disorder, or a current manic phase of a bipolar disorder, neurodermatitis or psoriasis, 

further with the study interfering disorders or disabilities (i.e., color blindness, hearing 

impairment, motor impairments of the hands), use of benzodiazepines during the last 

week, and neuroleptic medication during the last three months prior to the laboratory 

assessment. In the OCD group, OCD was the primary diagnosis but comorbidities within 

the anxiety- and stress-related disorder spectrum were permitted. An additional exclusion 

criterion for the control and at-risk participants was a current or lifetime OCD diagnosis. 

Furthermore, for both the control group and participants with ACEs, being a first-degree 

relative of someone with OCD was an exclusion criterion. Additionally, a history of 

ACEs was an exclusion criterion for the control group. In order to recruit a realistic 

community sample, participants with any other than the above-mentioned diagnoses of 

mental disorders were not excluded. Final diagnoses were based on the SCID-5-CV. 

A total of 214 individuals participated in study III. 13 participants had to be 

excluded from data analysis for the following reasons: technical issues during the 

paradigm (n = 5), not being novel to the paradigm (n = 3), early termination (n = 2), lack 

of motivation (n = 1), missing data needed for group assignment (n = 1), and recent intake 

of neuroleptic medication (n = 1). Thus, the final sample consisted of n = 201 participants, 

including n = 54 participants with OCD, n = 46 OCD first-degree relatives (in the 

following referred to as relatives), n = 43 participants with ACEs, and n = 58 control 

participants. The groups were matched for years of age (M = 33.62, SD = 13.10), sex 

assigned at birth (66.2 % female), and years of education (M = 12.14, SD = 1.11). An 

overview of sample characteristics is displayed in Table 11. 

3.3.3.2 Procedure 

The study was preregistered and approved by the local ethics committee of the 

University of Hamburg (KA_2023_012). Deviations from the preregistration as well as 

reasons are listed in Appendix C-1. Participants were recruited via the outpatient unit of 

the University of Hamburg, local advertisements, and self-help groups. Participants 

received course credit or monetary compensation for their participation. Prior to the 

laboratory assessment, participants were screened for eligibility in two steps. First, an 

online screening was conducted that assessed, among others, the following 

questionnaires: the Childhood Trauma Questionnaire ï Short Form (CTQ-SF; 28 items, 

5-point Likert scale 1ï5; Bernstein et al., 2003; Klinitzke et al., 2012) and the Obsessive-
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Compulsive Inventory-Revised (OCI-R; 20 items, 5-point Likert scale 0ï4; Foa et al., 

1989; Gönner et al., 2007). Second, a screening was conducted by trained personnel 

during which the following interviews and questionnaires were administered: a screening 

based version of the SCID-5-CV (Beesdo-Baum et al., 2019; First et al., 2016), the Family 

History Screen (FHS; semi-structured interview, 25 items; based on Weissman, 2000), 

and ï in the presence of obsessive-compulsive symptoms ï the Yale-Brown Obsessive 

Compulsive Scale (Y-BOCS; semi-structured interview, 19 items, 5-point Likert scale  

0ï4; Goodman, 1989; Hand & Büttner-Westphal, 1991).  

On the day of the laboratory assessment, the following questionnaires relevant to 

the present research questions were administered: Obsessive-compulsive symptoms were 

measured using the OCI-R (Cronbachôs Ŭ = .91), ACEs were measured using the  

CTQ-SF (Cronbachôs Ŭ = .91), depressive symptoms were measured by the BDI-II (21 

items, 4-point Likert scale 0ï3; Beck et al., 1996; Hautzinger et al., 2006; Cronbachôs  

Ŭ = .92). Final assignment to either the control or ACEs group took place based on  

CTQ-SF scores assessed during the laboratory assessment. Of note, an overview of the 

full battery of questionnaires conducted prior and during the laboratory assessment is 

displayed in Appendix C-2. 

Additionally, participants performed five tasks during the laboratory assessment 

in the following order: a resting state measurement, a differential fear conditioning 

paradigm using geometrical stimuli, a passive picture viewing task, a flanker task as well 

as a differential fear conditioning task using faces as stimuli. The differential fear 

conditioning task using geometrical stimuli (see Figure 17) is the focus of the present 

study. All tasks were displayed using Presentation Software (Neurobehavioral Systems, 

Inc., Albany, California). Participants were seated in a dimly lit, electrically shielded 

room at a viewing distance of approximately 24 inches in front of a 19-inch monitor with 

a resolution of 1920 × 1080 pixels and a refresh rate of 120 Hz (visual angle Ŭ = 4.5Á). 

The same CS and three GS as in study II were used for the fear conditioning task of study 

III (see Appendix B-3 for an overview of the color coding). Again, the bluest and greenest 

stimulus served as CS+ and CS-, counterbalanced across participants. An unpleasant but 

not painful electrical shock to the back of the dominant hand served as US. Prior to the 

experiment, a shock workup procedure was conducted: First, the individual perception 

threshold was determined, followed by a gradual increase in intensity to identify a level 

that was perceived as unpleasant but not painful.  
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OCD a  

(n = 54) 

 REL b  

(n = 46) 

 ACEs c 

(n = 43) 

 CON d 

(n = 58) 

 
Group Comparison 

M SD  M SD  M SD  M SD  c2 / F df ʂς 

Demographics                 

Gender (f/m/d) 32/21/1   34/12/0   27/16/0   34/24/0   5.73 6  

Sex (f/m) 35/19   34/12   29/14   35/23   2.19 3  

31.98 11.01  38.02 14.94  32.07 12.77  32.81 13.14  2.33 3, 197 .03 

Education 12.07 0.99  12.02 1.47  12.12 1.20  12.31 0.80  0.69 3, 197 .01 

Questionnaires                 

25.74bcd 11.37  9.24a 8.64  11.58ad 10.30  6.50ac 5.68  47.44 3, 197 .42 <.001 

50.42bd 11.08  43.09a 11.73  48.77d 13.79  40.05ac 10.54  9.05 3, 196 .12 <.001

MASQ-AA 27.26bd 7.16  23.57a 6.01  24.23d 6.60  20.88ac 3.57  10.93 3, 197 .14 <.001 

15.72bcd 8.76  7.63a 7.94  10.70ad 9.05  3.98ac 3.68  24.09 3, 197 .27 <.001 

48.45bd 6.97  39.07ad 10.57  43.51d 11.96  33.83abc 8.18  23.97 3, 196 .27 <.001 

42.96bd 6.03  37.91ad 8.73  39.21d 9.69  32.76abc 6.56  16.35 3, 195 .20 <.001 

CTQ-SF  41.00cd 11.65  39.76cd 12.67  54.23abd 10.87  31.09abc 4.51  42.47 3, 197 .39 <.001 

Clinical (*yes/no)                 

Number of Diagnoses 2.26bcd 1.20  0.70a 1.05  1.02ad 1.41  0.24ac 0.63  34.77 3, 197 .35 <.001

Current anxiety-related 

Disorder * 
54/0  

 
10/36  

 
9/34  

 
3/55  

 
125.36 3  <.001 

Current Depression * 17/37   8/38   16/27   3/55   18.83 3  <.001 

Anxiety-related 

Disorder with comorbid 

Depression * 

17/37  

 

3/43  

 

6/37  

 

1/57  

 

117.63 6  <.001 

Antidepressants * 9/45   3/43   8/35   3/55   6.98 3  

53.56bcd 7.26  81.46acd 10.36  74.56abd 13.48  87.84abc 8.76  121.20 3, 197 .65 <.001

22.78 6.56  - -  - -  - -  - - - 

Table 11. OCD = Obsessive-compulsive disorder; REL = First-degree relatives; ACEs = Participants with adverse childhood experiences; CON = Control group; Self-identified 

gender/Sex assigned at birth (f = female, m = male, d = diverse); age and education in years; OCI-R = Obsessive-Compulsive Inventory-Revised; PSWQ = Penn State Worry 

Questionnaire; MASQ-AA = Mood and Anxiety Symptom Questionnaire (Anxious Arousal Subscale); BDI-II = Beck Depression Inventory II; STAI = State-Trait-Anxiety 

Inventory (Trait and State Subscale); CTQ-SF = Childhood Trauma Questionnaire ï Short Form; Number of diagnoses include index and comorbid diagnoses (n); Anxiety-

related disorders include anxiety disorders, OCD, and post-traumatic stress disorder; current depression includes current major depressive disorder and dysthymia; GAF = 

Global Assessment of Functioning; YBOCS = Yale-Brown Obsessive Compulsive Scale (was only conducted when individuals had an OCD diagnosis). Degrees of freedom 

are deviating for some questionnaires due to missing data; means with different subscripts within rows indicate significant differences between the groups (the letters indicate 

to what group a significant difference ( p < .05, printed in bold) was found with a = OCD, b = REL, c = ACEs, d = CON) according to Sidak corrected post-hoc t-tests with p 

< .05. N = 201.  
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Figure 17. Schematic representation of the five phases during the differential fear conditioning task. During 

habituation, the startle probe was presented first, ten times without the presentation of the conditioning 

stimuli (CS; colored circles) for habituation purposes (Blumenthal et al., 2005), followed by the CS two 

times each. An unpleasant but not painful electrotactile shock to the back of the dominant hand (flash 

symbol) served as unconditioned stimulus (US). During acquisition the CS+ and the CS- were presented 

20 times each, with a reinforcement rate of 80%. During generalization the two CS and the three 

generalization stimuli (GS) were presented 12 times each with a reinforcement rate of 80%. During 

extinction the CS+ and CS- were presented 31 times each and no US was applied. Two single electrical 

shocks 5000 ms apart from each other while looking at a black screen prior to the return of fear (RoF) phase 

served as fear reinstatement. During RoF, the CS+ and CS- were presented 12 times each. During the whole 

task, the startle probe (speaker symbol) was delivered during 30% of the CS trials and 30% of the inter-

trial intervals (ITIs). The color of the CS+ was counterbalanced across participants. The duration of the 

stimuli presentation was 2600ms, the duration of the ITIs was counterbalanced between 2000ï3500 ms. US 

onset was 2450 ms after CS onset and startle onset 600 ms prior to CS or ITI offset. 

 

In contrast to study II, the differential fear conditioning paradigm of study III was 

extended and consisted of five phases: a habituation phase, a fear acquisition phase, a fear 

generalization phase, a fear extinction phase, and a RoF phase following a fear 

reinstatement. The approximate total duration of the task was 35ï40 minutes. For the 

FPS, startle probes consisted of 95 dB bursts of white noise (50 ms, rise/fall time < 1ms) 

delivered binaurally through headphones. Note that FPS data are not presented in study 

III due to technical issues and equipment wear which prevented the application of the 

preregistered analysis pipeline without resulting in substantial data loss; therefore, FPS 

results for the main models are presented in Appendix C-3 but will not be further 

discussed. 

Between the phases, participants were instructed to press an arrow button to 

continue the task, allowing them to rest however long they needed. After each phase, 

participants were asked to rate the CS and GS that were presented during the respective 

phase in regards to their subjective shock expectancy (how much did you expect an 

electric shock when you saw the following circle?), valence (how unpleasant was it for 

you when you saw the following circle?), arousal (how aroused were you when you saw 

the following circle?), and fear (how much fear did you feel when you saw the following 

circle?) as well as the unpleasantness of the US (how unpleasant was the electrical 
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stimulus during the experiment?) and the valence of the startle probe (how unpleasant 

was the acoustic stimulus during the experiment?) on a visual analog scale from 0 to 100. 

After the RoF phase, participants were asked to rate the first time (in the following 

referred to as RoF 1) as well as the last time (in the following referred to as RoF 2) being 

exposed to the CS after the reinstatement. In the present study, only results of shock 

expectancy and fear ratings will be reported, while findings for valence and arousal 

ratings are provided in Appendix C-4. This approach was chosen to enhance clarity, as 

the overall pattern of results was highly similar across all rating measures. 

3.3.3.3 Electrophysical Recording and Preprocessing 

Using 61 Ag/AgCl active electrodes, a cap with equidistant electrode sites 

(Easycap, Herrsching, Germany), and an actiCHamp Plus amplifier (Brain Products 

GmbH, Gilching, Germany), EEG signals were recorded with a band-pass filter of DC to 

280 Hz and digitized continuously at a sampling rate of 1000 Hz. The recording reference 

was located between AF3 and Fz, the ground electrode between AF4 and Fz. An external 

electrode was placed at the left infraorbital site for vertical eye movements. EEG data 

were processed in Brain Vision Analyzer 2.3 (Brain Products GmbH, Gilching, 

Germany). First, a band-pass filter with a low cut-off of 0.01 Hz and a high cut-off of 30 

Hz (24 dB/oct roll-off) as well as a notch filter of 50 Hz were applied to the continuous 

EEG signals. Subsequently, ocular artifacts were corrected by using an ICA (Jung et al., 

2000). Relevant components were semi-automatically identified and manually checked 

by visual inspection of the scalp topography, the component activation, and the inspection 

of the corrected EEG signal. Continuous data then were re-referenced to the average of 

all scalp electrodes and segmented into response-locked epochs (-200 ms to 2600 ms). 

Segments containing artifacts (i.e., absolute voltage range exceeding 200 µV, voltage step 

exceeding 50 µV between consecutive data points, or maximum voltage difference of less 

than 0.5 µV within 100 ms intervals) were removed. Additionally, channels exhibiting 

excessive artifacts or poor signal quality were interpolated, with no more than 10% of all 

channels being interpolated per participant Because the study involves a unique clinical 

sample and the LPP is a longer ERP component that may be more susceptible to artifacts, 

we preregistered the exclusion of participants from data analysis if more than 50% of all 

trials contained artifacts (Luck, 2014), which was the case for eleven participants. EEG 

data were corrected for the baseline interval of -200 ms to 0 ms. Finally, the LPP was 
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quantified as the mean activity at the Pz electrode between 300 ms until 1000 ms (e.g., 

Cuthbert et al., 2000; Foti et al., 2009; Hajcak & Olvet, 2008; Weinberg & Hajcak, 2011). 

Of note, for the extinction phase, the first trial of CS+ and CS- presentation respectively, 

was excluded from data analyses since we used a partial reinforcement rate during 

acquisition and participants were not instructed of the omission of the US. Thus, it is 

assumed that the first trial is rather a fear recall instead of extinction learning (Lonsdorf 

et al., 2017). Lastly, outliers (> ± 3 standard deviations from mean) were removed from 

data analyses, which affected seven participants. 

3.3.3.4 Statistical Analysis 

All statistical analyses were performed in IBM SPSS Statistics version 29.0.2.0 

(SPSS, Inc., Chicago) and R version 4.5.0 (R Core Team, 2023) using R Studio version 

2025.05.1 (RStudio Team, 2023). A significance level of Ŭ = .05 was used for all analyses. 

For post hoc comparisons, p-values were Sidak corrected. 

Separate univariate ANOVAs were used to examine differences in demographical 

and clinical variables. 

A series of linear mixed-effects models using the lme4 version 1.1.37 (Bates et 

al., 2015) and lmerTest version 3.1.3 (Kuznetsova et al., 2017) package in R were fitted 

for analyzing shock expectancy ratings, fear ratings, and LPP activity, separately for each 

phase. Following the approach of study II, the DV was modeled as a function of fixed 

effects and subject-level random intercepts. First, a null model was specified, including 

only a random intercept for participant (ID), to estimate the proportion of variance 

attributable to between-subject differences:  

DV ~ 1 + (1 | ID) 

For both ratings during fear acquisition, shock expectancy ratings during the 

generalization, as well as LPP activity during the RoF phase, the null model exhibited 

singular fit, likely due to limited variance in the random effects. It was decided to still 

carry out the random-effects structure to, on the one hand, preserve model consistency 

across outcome measures and, on the other hand, because of the repeated-measures 

design. However, this needs to be taken into account when interpreting the findings as 

parameter estimates may be less reliable. 
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For all models (i.e., null models and full models), model summaries, degrees of 

freedom, test statistics, and standard errors were extracted using the lmerTest version 

3.1.3 (Kuznetsova et al., 2017), parameters version 0.26.0 (Lüdecke et al., 2020), and 

sjPlot version 2.8.17 (Lüdecke, 2024) packages. Model fit was evaluated using marginal 

and conditional R² values. Standardized effect sizes (partial R²) were calculated using the 

r2glmm version 0.1.3 (Jaeger, 2025) package. Next, for hypothesis testing, a full model 

was computed to test the effects of stimulus cue (i.e., CS+ and CS- for acquisition, 

extinction, and RoF as well as CS+, GS+, GSU, GS-, and CS- for generalization), and 

group (i.e., OCD, relatives, ACEs, and control) as well as their interaction:  

DV ~ stimulus cue × group + (1 | ID) 

Significance testing of fixed effects was performed using a Type III ANOVA with 

Satterthwaiteôs method to obtain F-statistics and p-values. For post hoc comparisons, 

EMMs were computed using the emmeans version 1.11.1 (Lenth, 2025) package. 

Following this, in order to test for symptom-specific dimensional predictors 

exploratively, a full model was computed that included stimulus cue (i.e., CS+ and CS- 

for acquisition, extinction, and RoF as well as CS+, GS+, GSU, GS-, and CS- for 

generalization), group (i.e., OCD, relatives, ACEs, and control), and two mean-centered 

continuous predictors (i.e., obsessive-compulsive symptoms measured with the OCI-R, 

and depressive symptoms measured with the BDI-II) as well as their full interaction with 

stimulus cue and group:  

DV ~ stimulus cue × group × OCI-R + stimulus cue × group × BDI-II + (1 | ID) 

To identify the most parsimonious model, a backward model selection procedure, 

starting from the full model was applied. For these resulting reduced models, significance 

testing of fixed effects was performed using a Type III ANOVA with Satterthwaiteôs 

method to obtain F-statistics and p-values. For post hoc comparisons, EMMs and 

conditional trends were computed. 

Further, the following additional non-preregistered analyses were conducted. 

First, in order to investigate group and phase differences regarding shock valence, a 

mixed-measures ANOVA was calculated with the between-subject factor group and the 

within-subject factor phase (i.e., acquisition, generalization, RoF). Second, one linear 

mixed-effects model for each outcome measure was carried out to test the change over 
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the course of the phases, including the factor phase (i.e., habituation, acquisition, 

generalization, extinction, RoF 1, and RoF 2 for the ratings as well as acquisition, 

generalization, extinction, and RoF for LPP activity), stimulus cue (i.e., CS+ and CS- 

only), and group (i.e., OCD, relatives, ACEs, and control): 

DV ~ stimulus cue × phase × group + (1 | ID) 

Sidak corrected EMMs were used for post hoc comparisons. Lastly, we split up 

the sample in different clinical categories exploratively, in which we compared 

individuals with any current anxiety- or stress-related disorder (i.e., OCD, GAD, SAD, 

agoraphobia, PD, SP, hypochondria, separation anxiety, and PTSD) with a current 

comorbid depression (i.e., current MDD or dysthymia), to individuals with a current 

anxiety- or stress-related disorder without a current comorbid depression, and to 

individuals without any such diagnoses. After dividing the groups, models were fitted 

using linear mixed-models with an identical null model as described above and the 

following full model:  

DV ~ stimulus cue × group + (1 | ID) 

Again, Sidak corrected EMMs were used for post hoc comparisons. 

3.3.4 Results 

Due to missing data, technical issues, and dropouts, the number of included 

participants varies for each outcome measure. An overview and reasons are listed in 

Appendix C-5. 

3.3.4.1 Demographical and Clinical Data 

There were no significant differences regarding self-identified gender, sex 

assigned at birth, age, or years of education between the four groups (see Table 11 for an 

overview and statistics, Appendix C-6 for figures displaying the questionnaire 

distribution across groups). However, due to difficulties in recruiting first-degree 

relatives, the relatives group was descriptively older compared to the other groups  

(p = .075). Regarding clinical data, multiple significant differences indicate a higher 

clinical burden in the OCD group compared to the other groups. Specifically, according 

to assessed questionnaires, obsessive-compulsive as well as depressive symptoms were 

most prominent in the OCD group and significantly different from all other groups. 

Additionally, the ACEs group reported significantly more obsessive-compulsive and 
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depressive symptoms compared to the control group. Anxiety symptoms (i.e., anxious 

apprehension, anxious arousal, as well as trait and state anxiety) were most pronounced 

in the OCD and ACEs group, whereby the OCD group reported significantly higher 

symptoms compared to the relatives and the control group, and the ACEs group differed 

significantly only from the control group. The ACEs group reported the most prominent 

ACEs, followed by the OCD and relatives group that did not differ significantly from 

each other but reported significantly more ACEs compared to the control group. The GAF 

indicated that the OCD group showed a significantly lower level of functioning compared 

to all other groups, followed by the ACEs group that also differed significantly from the 

relatives and the control group. 

3.3.4.2 Shock Valence 

There was a significant decrease in reported shock (i.e., US) valence over the 

phases (F(2, 394) = 27.07, p < .001, ʂ = .121). The US was rated significantly more 

unpleasant after the acquisition phase compared to generalization and the reinstatement 

as well as significantly more unpleasant after the generalization phase compared to the 

reinstatement, suggesting that participants might have habituated to the shock over time. 

No significant group differences were observed, indicating that the shock was perceived 

as equally unpleasant across groups. 

3.3.4.3 Fear Acquisition 

3.3.4.3.1 Categorical Group Comparison 

Model fit indices as well as statistical values for all outcome measures during fear 

acquisition are displayed in Table 12. 

Shock Expectancy Rating. There was a significant main effect of stimulus cue  

(p <.001) with the shock expectancy rating for the CS+ being significantly higher 

compared to the CS-. No significant main effect of group or interactions with group 

emerged.  

Fear Rating. A significant main effect of stimulus cue was found (p <.001). The 

CS+ was rated as significantly more fearful compared to the CS-. Additionally, there was 

a significant main effect of group (p <.001). The OCD group reported overall higher fear 

ratings compared to the relatives (t(197) = 3.38, p = .005) and the control group  

(t(197) = 4.04, p < .001), but not compared to the ACEs group (t(197) = 1.27, p = .751). 

There were no significant differences between the at-risk groups (t(197) = -1.98, p = .261) 
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or between the at-risk groups and the control group (relatives versus control:  

t(197) = 0.43, p = .999; ACEs versus control: t(197) = 2.51, p = .076). However, the ACEs 

group showed descriptively higher fear ratings compared to the controls (see Figure 18). 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

- / .811 - 18.08 18.27      

Stimulus cue     1681.75 1, 394 <.001 .505 .445, .564 

Group     2.21 3, 394 .086 .008 .001, .041 

Stimulus cue × 

Group 

    0.99 3, 394 .397 .007 .001, .040 

Fear rating .501 / .392 0.179 20.51 22.49      

Stimulus cue     283.94 1, 197 <.001 .122 .069, .185 

Group     6.84 3, 197 <.001 .028 .008, .074 

Stimulus cue × 

Group  

    0.50 3, 197 .685 .003 .001, .031 

LPP .247 / .086 0.176 1.80 1.97      

Stimulus cue     33.52 1, 176 <.001 .032 .006, .076 

Group     0.93 3, 176 .429 .004 .001, .036 

Stimulus cue × 

Group 

    0.42 3, 176 .740 .003 .001, .034 

Table 12. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

acquisition phase for the categorical group comparison. Ὑ  = Conditional R²; Ὑ  = Marginal R²; Ὑ  = 

Partial R²; CI = Confidence interval; LPP = Late positive potential. Degrees of freedom are deviating for 

the outcome measures due to missing data. The full model included stimulus cue (i.e., CS+ and CS- for 

acquisition) and group (i.e., four levels: OCD, relatives, ACEs, and controls) as well as their interaction. 

Significant effects (p < .05) are printed in bold. 

 

 
Figure 18. Fear ratings during acquisition across groups. OCD = Obsessive-compulsive disorder; REL = 

Relatives; ACEs = Adverse childhood experiences; CON = Control group. Depicted are the mean and the 

standard error of the fear ratings during the acquisition phase. 
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LPP. There was a significant main effect of stimulus cue (p < .001), the CS+ 

elicited a significantly more positive LPP compared to the CS-. No significant main effect 

of group or interaction involving group was found (see Figure 19). 

 
Figure 19. Late Positive Potential (LPP) activity across acquisition. Depicted is the mean activity and 

standard error (SE) for the Pz electrode over all participants during acquisition. 

 

Taken together, during fear acquisition, there was a consistently higher response 

towards the CS+ compared to the CS- in rating as well as LPP data, indicating robust 

discrimination between the two stimuli and successful fear learning across all groups and 

outcome measures, confirming our hypothesis. Further, participants with OCD showed 

higher fear ratings to both the CS+ and CS-. Despite not being robust across outcome 

measures and not being stimulus-specific to the CS-, this partially confirmed our 

hypothesis that the OCD group would show higher responses compared to the control 

group. However, the at-risk groups did not show a pattern that was significantly different 

from the control group, which led us to reject the hypothesis regarding group differences 

between the at-risk and control groups. 

3.3.4.3.2 Dimensional Symptom-Specific Comparison 

Model fit indices as well as all effects for all outcome measures during fear 

acquisition are displayed in Table 13. Overall, none of the stimulus cue effects differed 

in their pattern of significance compared to the models including stimulus cue and group 

only. Therefore, in the following, only effects including the influence of the symptom-

specific dimensional variables will be presented in detail. Backward model selection 

yielded the following models: 
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Shock expectancy rating ~ stimulus cue × OCI-R + (1 | ID) 

Fear rating ~ stimulus cue + OCI-R + (1 | ID) 

LPP ~ stimulus cue + (1 | ID) 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

- / .812 - 18.08 18.17      

Stimulus cue     1724.46 1, 398 <.001 .812 .786, .837 

OCI-R     3.57 1, 398 .060 <.001 .001, .015 

Stimulus cue × 

OCI-R 

    6.08 1, 398 .014 .015 .001, .047 

Fear rating .501 / .399 0.170 20.65 22.41      

Stimulus cue     285.84 1, 200 <.001 .377 .310, .445 

OCI-R     24.45 1, 199 <.001 .068 .028, .121 

LPP .243 / .076 0.180 1.80 1.96      

Stimulus cue     36.03 1, 179 <.001 .078 .033, .137 

Table 13. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

acquisition phase for the reduced models including the dimensional symptom-specific comparison. Ὑ  = 

Conditional R²; Ὑ  = Marginal R²; Ὑ  = Partial R²; CI = Confidence Interval; OCI-R = Obsessive-

Compulsive Inventory Revised; LPP = Late positive potential. Degrees of freedom are deviating for the 

outcome measures due to missing data. The full model included stimulus cue (i.e., CS+ and CS- for 

acquisition), group (i.e., four levels: OCD, relatives, ACEs, and controls), two mean-centered continuous 

predictors (i.e., OCI-R and BDI-II) as well as their full interaction with stimulus cue and group. For each 

outcome measure, an individual reduced model was computed using a backward model selection procedure. 

Significant effects (p < .05) are printed in bold. 

 

Shock Expectancy Rating. There was a significant interaction of stimulus cue and 

OCI-R levels (p = .014). OCI-R levels were positively associated with shock expectancy 

ratings for the CS- (b = 0.33, SE = 0.11, 95% CI [0.12, 0.54]) but showed no significant 

association for the CS+ (b = -0.04, SE = 0.11, 95% CI [-0.26, 0.17]), the slopes differed 

significantly between stimuli (t(398) = 2.47, p = .015). This suggests that higher 

obsessive-compulsive symptoms were associated with higher shock expectancy, 

specifically for the safety stimulus cue (i.e., CS-; see Figure 20). 

Fear Rating. Analyses revealed a significant main effect of OCI-R levels  

(p < .001), with higher OCI-R levels being positively associated with higher fear ratings 

(b = 0.55, SE = 0.11, 95% CI: [0.33, 0.77]). Regardless of stimulus cue, this indicates that 

higher obsessive-compulsive symptoms were associated with overall higher fear ratings 

(see Figure 20). 

LPP. The model included only the stimulus cue effect, indicating no symptom-

specific dimensional or group influences on the LPP during fear acquisition. 
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Figure 20. Influence of obsessive-compulsive symptoms on shock expectancy and fear ratings during 

acquisition. Obsessive-compulsive symptoms measured with the sum score of the Obsessive-Compulsive 

Inventory Revised (OCI-R). Increased OCI-R levels were associated with (A) higher shock expectancy 

ratings for the CS- but not the CS+ and (B) higher fear ratings for the CS- and CS+ during fear acquisition. 

 

Taken together, the rating outcomes during acquisition were modulated by 

individual differences, suggesting that more pronounced obsessive-compulsive 

symptoms were associated with higher shock expectancy ratings for the CS-, and higher 

fear ratings for both stimuli. Additionally, the factor group was no longer included in the 

reduced models, indicating that the significant group effect observed in the simple model 

may have been driven by OCI-R levels, which are most pronounced in the OCD group. 

3.3.4.4 Fear Generalization 

3.3.4.4.1 Categorical Group Comparison 

Model fit indices as well as effects for all outcome measures during fear 

generalization are displayed in Table 14. 

Shock Expectancy Rating. We found a significant main effect of stimulus cue  

(p < .001). Post hoc comparison using EMMs (see table C-7-1 in Appendix C-7 for 

stimulus cue comparisons and statistics) indicated that the CS+ was rated significantly 

higher compared to all other stimuli, followed by the GS+ being rated significantly higher 

compared to the GSU, GS-, and CS- (all ps < .001). The GSU differed significantly 

compared to the CS- (p = .002), whereas the other comparisons were not significant (all 

ps > .112). There was also a significant main effect of group (p = .009). The OCD group 

showed the highest shock expectancy ratings over all stimuli and differed significantly 

compared to the relatives group (t(197) = 3.30, p = .007) but not to the ACEs  

(t(197) = 1.38, p = .669) or the control group (t(197) = 2.37, p = .107). All other group 
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comparisons were not significant (relatives versus ACEs: t(197) = -1.78, p = .378; 

relatives versus control: t(197) = -1.08, p = .863; ACEs versus control: t(197) = 0.82,  

p = .959; see Figure 21). 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

.721 / .659 0.182 18.83 20.11      

Stimulus cue     578.11 4, 788 <.001 .308 .266, .354 

Group     3.93 3, 197 .009 .002 .000, .015 

Stimulus cue × 

Group 

    1.15 12, 788 .316 .012 .010, .042 

Fear rating .639 / .340 0.453 15.10 16.65      

Stimulus cue     213.81 4, 788 <.001 .159 .122, .202 

Group     4.92 3, 197 .003 .012 .004, .032 

Stimulus cue × 

Group  

    0.56 12, 788 .872 .005 .006, .032 

LPP .200 / .072 0.138 2.13 2.25      

Stimulus cue     14.34 4, 704 <.001 .013 .005, .035 

Group     1.92 3, 176 .128 .004 .001, .019 

Stimulus cue × 

Group 

    0.96 12, 704 .482 .012 .010, .044 

Table 14. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

generalization phase for the categorical group comparison. Ὑ  = Conditional R²; Ὑ  = Marginal R²; Ὑ  = 

Partial R²; CI = Confidence Interval; LPP = Late Positive Potential. Degrees of freedom are deviating for 

the outcome measures due to missing data. The full model included stimulus cue (i.e., CS+, GS+. GSU, 

GS-, and CS- for generalization) and group (i.e., four levels: OCD, relatives, ACEs, and controls) as well 

as their interaction. Significant effects (p < .05) are printed in bold. 

 

Fear Rating. There was a significant main effect of stimulus cue (p < .001). Post 

hoc comparison using EMMs (see table C-7-2 in Appendix C-7 for stimulus cue 

comparisons and statistics) revealed that the CS+ was rated as significantly more fearful 

compared to the GS+, and, again, both stimuli were rated significantly higher compared 

to the other three stimuli (all ps < .001). The GSU, GS-, and CS- did not differ 

significantly from each other (all ps > .342). The main effect of group was also significant 

(p = .003). The OCD group rated all stimuli, not modulated by stimulus cue, significantly 

higher compared to the relatives (t(197) = 3.04, p = .016) and the control group  

(t(197) = 3.31, p = .007), but not compared to the ACEs group (t(197) = 1.11, p = .846).  

All other group comparisons were not significant (relatives versus ACEs: t(197) = -1.81, 

p = .361; relatives versus control: t(197) = 0.08, p > .999; ACEs versus control:  

t(197) = 1.99, p = .257; see Figure 21). 
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Figure 21. Fear generalization across the shock expectancy and fear rating. OCD = Obsessive-compulsive 

disorder; REL = Relatives; ACEs = Adverse childhood experiences; CON = Control group. Depicted are 

the mean and the standard error (SE) of the (A) shock expectancy and (B) fear ratings during the 

generalization phase. 

 

LPP. There was a significant main effect of stimulus cue (p < .001). Post hoc 

comparison using EMMs (see table C-7-3 in Appendix C-7 for stimulus cue comparisons 

and statistics) indicate that the CS+ and the GS+ did not differ significantly from each 

other (p = .087). The CS+ elicited a significantly more positive LPP response compared 

to the GS+, GSU, and GS- (all ps < .001). The GS+ elicited a significantly more positive 

LPP response compared to the GSU (p = .003) and CS- (p = .008) as well as a 

descriptively higher response in the comparison towards the GS- (p = .054). The GSU, 

GS-, and CS- were not significantly different from each other (all ps > .995; see Figure 

22) and Appendix C-8 for GS topoplots). No main effect of group or interaction with 

group emerged. 

 
Figure 22. Late Positive Potential (LPP) activity across generalization. Depicted is the mean activity and 

standard error (SE) for the Pz electrode over all participants during generalization. 
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In sum, across all outcome measures, there were robust main effects of stimulus 

cue, with the CS+ generally eliciting the strongest response, followed by the GS+, and 

both being significantly different from the other stimuli (see Appendix C-7). The pattern 

of results supports our hypothesis that all groups show gradual fear generalization. Given 

the absence of prior research in this area, we did not have any hypotheses regarding group 

differences during fear generalization. We report significant group differences for both 

ratings with the OCD group reporting the highest ratings overall. On a neural level, we 

did not find any significant group differences. 

3.3.4.4.2 Dimensional Symptom-Specific Comparison 

Model fit indices as well as all effects for all outcome measures during fear 

generalization are displayed in Table 15. Overall, the pattern of stimulus cue effects 

remained unchanged compared to the models including only stimulus cue and group. 

Accordingly, only effects involving the symptom-specific dimensional variables are 

reported in detail below. Backward model selection yielded the following models:  

Shock expectancy rating ~ stimulus cue + OCI-R + (1 | ID) 

Fear rating ~ stimulus cue × group × BDI-II + stimulus cue × OCI-R + (1 | ID) 

LPP ~ stimulus cue + (1 | ID) 

Shock Expectancy Rating. There was a significant main effect of OCI-R levels  

(p < .001), higher OCI-R levels were positively associated with higher shock expectancy 

ratings regardless of stimulus cue (b = 0.32, SE = 0.08, 95% CI: [0.17, 0.47]), suggesting 

that the higher obsessive-compulsive symptoms the higher the overall shock expectancy 

(see Figure 23). 

Fear Rating. There was a significant main effect of OCI-R levels (p = .006). However, 

the interaction between stimulus cue and OCI-R levels was also significant  

(p = .006). Post-hoc comparisons revealed that higher OCI-R levels were significantly 

associated with higher fear ratings for the CS+ (b = 0.83, SE = 0.19, 95% CI: [0.45, 1.20]), 

and the GS+ (b = 0.49, SE = 0.19, 95% CI: [0.11, 0.86]) but not for the other stimuli (see 

Figure 23). Further, the slope of the CS+ was significantly different compared to the slope 

of the GSU (t(768) = -3.07, p = .022) and GS- (t(768) = -3.27, p = .011). In addition, there 

was a significant interaction between stimulus cue, group, and BDI-II levels (p < .001). 

Thus, for each stimulus cue × group combination, the slopes of BDI-II levels on fear 

ratings were estimated. In the relatives group, the CS+ elicited a significantly steeper 
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slope for BDI-II levels compared to the GSU (t(768) = -2.84, p = .045), the GS-  

(t(768) = -2.89, p = .040) as well as the CS- (t(768) = -3.73, p = .002), indicating that 

higher BDI-II levels were associated with higher CS+ fear ratings. For the ACEs group, 

the opposite pattern was the case. Here, higher BDI-II levels were significantly associated 

with lower fear ratings for the CS+ and this slope was significantly different compared to 

the slope of the GSU (t(768) = 3.21, p = .014), the GS- (t(768) = 3.40, p = .007), and the 

CS- (t(768) = 3.56, p = .004). Between group comparisons revealed significant 

differences for the CS+ between the relatives and the ACEs group (t(768) = 4.33,  

p < .001; see Appendix C-9 for a display of the slopes). 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

.720 / .661 0.172 19.03 20.14      

Stimulus cue     583.03 4, 800 <.001 .672 .645, .699 

OCI-R     17.30 1, 199 <.001 .030 .013, .054 

Fear rating .659 / .375 0.454 14.60 16.31      

Stimulus cue     138.16 4, 768 <.001 .067 .043, .102 

Group     0.95 3, 192 .415 .006 .001, .023 

BDI-II      0.01 1, 192 .946 <.001 .000, .007 

OCI-R     7.72 1, 192 .006 .024 .009, .047 

Stimulus cue × 

Group 

    1.12 12, 768 .339 .010 .009, .039 

Stimulus cue × 

BDI-II  

    0.26 4, 768 .901 .002 .001, .016 

Stimulus cue × 

OCI-R 

    3.62 4, 768 .006 .010 .004, .030 

Stimulus cue × 

Group × BDI-II  

    3.33 12, 768 <.001 .028 .020, .064 

LPP .188 / .053 0.142 2.14 2.25      

Stimulus cue     14.77 4, 716 <.001 .056 .033, .092 

Table 15. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

generalization phase for the reduced models including dimensional symptom-specific comparison. Ὑ  = 

Conditional R²; Ὑ  = Marginal R²; Ὑ  = Partial R²; CI = Confidence Interval; BDI-II = Beck Depression 

Inventory-II; OCI-R = Obsessive-Compulsive Inventory-Revised; LPP = Late positive potential. Degrees 

of freedom are deviating for the outcome measures due to missing data. The full model included stimulus 

cue (i.e., CS+, GS+, GSU, GS-, and CS- for generalization), group (i.e., four levels: OCD, relatives, ACEs, 

and controls), two mean-centered continuous predictors (i.e., OCI-R and BDI-II) as well as their full 

interaction with stimulus cue and group. For each outcome measure, an individual reduced model was 

computed using a backward model selection procedure. Significant effects (p < .05) are printed in bold. 

 

LPP. The model included only the stimulus cue effect, indicating that there were 

no symptom-specific dimensional or group influences on the LPP activity during fear 

generalization. 
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Figure 23. Influence of obsessive-compulsive symptoms on shock expectancy and fear ratings during 

generalization. Obsessive-compulsive symptoms were measured with the sum score of the Obsessive-

Compulsive Inventory-Revised (OCI-R). Increased OCI-R levels were associated with (A) higher shock 

expectancy ratings overall and (B) higher fear ratings for the CS+ and GS+ during fear generalization. 

 

In sum, dimensional analyses revealed that higher OCI-R levels were linked to 

greater shock expectancy regardless of stimuli and higher fear ratings for the CS+ and 

GS+. Additionally, there were indications for some differences in responding between 

the relatives and the ACEs group, with higher depressive symptoms leading to higher fear 

ratings in relatives, whereas the opposite pattern was found in the ACEs group. The factor 

group was not included or significant in the reduced models. Thus, significant group 

effects in the simple models may have been driven by differences in symptom-specific 

dimensional variables, which are most pronounced in the OCD group. 

3.3.4.5 Fear Extinction 

3.3.4.5.1 Categorical Group Comparison  

Model fit indices and effects for all outcome measures during fear extinction are 

displayed in Table 16. 

Shock Expectancy Rating. The main effect of stimulus cue remained significant 

after extinction learning (p < .001) with the CS+ being rated significantly higher 

compared to the CS-, indicating no complete extinction learning. Further, there was a 

significant main effect of group (p = .018). The OCD group showed the overall highest 

shock expectancy ratings and differed significantly compared to the control group  

(t(197) = 3.05, p = .015), but not to the relatives (t(197) = 2.19, p = .167) or the ACEs 

group (t(197) = 1.18, p = .804). The other group comparisons were nonsignificant 

(relatives versus ACEs: t(197) = -0.93, p = .929; relatives versus control: t(197) = 0.70,  

p = .981; ACEs versus control: t(197) = 1.67, p = .459; see Figure 24). 
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 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

.457 / .216 0.307 19.01 21.95      

Stimulus cue     136.86 1, 197 <.001 .070 .030, .123 

Group     3.43 3, 197 .018 .019 .004, .060 

Stimulus cue × 

Group 

    0.05 3, 197 .986 <.001 .001, .024 

Fear rating .554 / .147 0.477 13.21 16.22      

Stimulus cue     69.98 1, 197 <.001 .039 .011, .084 

Group     7.01 3, 197 <.001 .060 .027, .117 

Stimulus cue × 

Group  

    0.90 3, 197 .444 .004 .001, .033 

LPP .263 / .013 0.252 1.17 1.33      

Stimulus cue     0.06 1, 176 .811 <.001 .000, .016 

Group     0.76 3, 176 .518 .004 .001, .036 

Stimulus cue × 

Group 

    0.90 3, 176 .441 .006 .001, .040 

Table 16. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

extinction phase for the categorical group comparison. Ὑ  = Conditional R²; Ὑ  = Marginal R²; Ὑ  = Partial 

R²; CI = Confidence Interval; LPP = Late positive potential. Degrees of freedom are deviating for the 

outcome measures due to missing data. The full model included stimulus cue (i.e., CS+ and CS- for 

extinction) and group (i.e., four levels: OCD, relatives, ACEs, and controls) as well as their interaction. 

Significant effects (p < .05) are printed in bold. 

 

Fear Rating. There was a significant main effect of stimulus cue (p < .001). The 

CS+ was rated significantly higher compared to the CS-, suggesting no complete 

extinction learning in fear ratings. Additionally, the main effect of group was significant 

(p < .001). The OCD group rated the both stimuli as significantly more fearful compared 

to the relatives (t(197) = 3.84, p = .001) and the control group (t(197) = 3.90, p < .001), 

whereas the comparison with the ACEs group was nonsignificant. Yet, descriptively the 

ACEs group showed intermediate ratings (t(197) = 1.61, p = .503). All other group 

comparisons were nonsignificant (relatives versus ACEs: t(197) = -2.08, p = .210; 

relatives versus control: t(197) = -0.17, p > .999; ACEs versus control: t(197) = 2.03,  

p = .235; see Figure 24). 

LPP. None of the main effects or the interaction effect were significant  

(all ps > .441), indicating no detectable influence of stimulus cue or group on LPP activity 

during fear extinction. Accordingly, there was no significant differentiation between the 

CS+ and the CS- any longer during extinction, suggesting successful extinction learning 

on a neural level across groups (see Figure 25). 
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Figure 24. Shock expectancy and fear ratings during extinction across groups. OCD = Obsessive-

compulsive disorder; REL = Relatives; ACEs = Adverse childhood experiences; CON = Control group. 

Depicted are the mean and the standard error (SE) of the (A) shock expectancy and (B) fear ratings during 

extinction. 

 

Taken together, during extinction learning both ratings remained higher for the 

CS+ compared to the CS-, reflecting incomplete extinction learning. While we had to 

reject the hypothesis that all groups show fear extinction for both ratings, we did not find 

a significant difference between the CS+ and CS- in the LPP activity and therefore 

confirmed fear extinction across groups on a neural level. Additionally, we found a main 

group effect for both ratings with participants with OCD reporting the highest shock 

expectancy and fear ratings to both CS+ and CS-. This group difference was not found in 

LPP data and was not stimulus-specific for the CS+, which led us to partially confirm the 

hypothesis that the OCD group would show a higher response towards the CS+ during 

extinction learning compared to the control group. We did not find any group differences 

for the at-risk groups. Therefore, the hypothesis that at-risk groups would show a higher 

response compared to the control group was rejected. 

 
Figure 25. Late Positive Potential (LPP) activity across extinction. Depicted is the mean activity and 

standard error (SE) for the Pz electrode over all participants during extinction.  
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3.3.4.5.2 Dimensional Symptom-Specific Comparison 

Model fit indices as well as all effects for all shock expectancy and fear ratings 

during fear extinction are displayed in Table 17. Overall, none of the stimulus cue effects 

differed in their pattern of significance compared to the models including stimulus cue 

and group only. Therefore, only effects involving the dimensional symptom variables are 

described in detail. Backward model selection yielded the following models:  

Shock expectancy rating ~ stimulus cue + OCI-R + (1 | ID) 

Fear rating ~ stimulus cue + group + (1 | ID) 

LPP ~ (1 | ID) 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

rating 

.459 / .228 0.300 19.05 21.79      

Stimulus cue     141.66 1, 200 <.001 .207 .143, .277 

OCI-R     14.66 1, 199 <.001 .048 .015, .096 

Fear rating .553 / .145 0.478 13.27 16.20      

Stimulus cue     70.20 1, 200 <.001 .095 .048, .154 

Group     7.01 3, 197 <.001 .082 .042, .143 

Table 17. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

extinction phase for the dimensional symptom-specific comparison. Ὑ  = Conditional R²; Ὑ  = Marginal 

R²; Ὑ  = Partial R²; CI = Confidence Interval; OCI-R = Obsessive-Compulsive Inventory-Revised; LPP = 

Late positive potential. Degrees of freedom are deviating for the outcome measures due to missing data. 

The full model included stimulus cue (i.e., CS+ and CS- for extinction), group (i.e., four levels: OCD, 

relatives, ACEs, and controls), two mean-centered continuous predictors (i.e., OCI-R and BDI-II) as well 

as their full interaction with stimulus cue and group. For each outcome measure, an individual reduced 

model was computed using a backward model selection procedure. Significant effects (p < .05) are printed 

in bold. 

 

Shock Expectancy Rating. The model yielded a significant main effect of OCI-R 

levels (p < .001). Higher OCI-R levels were significantly associated with higher shock 

expectancy ratings (b = 0.48, SE = 0.13, 95% CI: [0.23, 0.72]), indicating that higher 

obsessive-compulsive symptoms led to higher shock expectancy ratings to both CS+ and 

CS- (see Figure 26). 

Fear Rating. No dimensional variables were included in the reduced model, 

indicating no symptom-specific dimensional influences. 

LPP. For LPP data, only the random intercept for participant was included in the 

reduced model, indicating no differences in or influences of stimulus cue, group or 

dimensional variables. 
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Figure 26. Influence of obsessive-compulsive symptoms on shock expectancy ratings during extinction. 

Obsessive-compulsive symptoms were measured with the sum score of the Obsessive-Compulsive 

Inventory-Revised (OCI-R). Increased OCI-R levels were associated with higher shock expectancy ratings 

for both stimuli during extinction. 

Taken together, there was a dimensional influence of higher obsessive-

compulsive symptoms being associated with higher shock expectancy ratings for CS+ 

and CS- during extinction. As the group factor was not included in the reduced model for 

shock expectancy, again, obsessive-compulsive disorders might have driven the 

previously described group effect as obsessive-compulsive symptoms are most prominent 

in the OCD group. At the same time, symptom-specific dimensional variables did not 

seem to influence fear ratings and LPP activity significantly. 

3.3.4.6 Return of Fear 

3.3.4.6.1 Categorical Group Comparison 

Model fit indices as well as effects for all outcome measures during RoF are 

displayed in Table 18. After the RoF phase, participants rated their response at the first 

(RoF 1) and last (RoF 2) CS exposure after reinstatement. Therefore, the ratings include 

two timepoints and two linear-mixed effects models, whereas only one exists for the LPP 

(i.e., mean activity over the whole RoF phase). 
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 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

RoF 1 shock 

expectancy rating 

.517 / .245 0.360 18.88 22.24      

Stimulus cue     187.08 1, 197 <.001 .082 .038, .138 

Group     0.24 3, 197 .867 .004 .001, .034 

Stimulus cue × 

Group 

    1.74 3, 197 .161 .009 .002, .043 

RoF 2 shock 

expectancy rating 

.374 / .128 0.282 16.43 18.79      

Stimulus cue     64.07 1, 197 <.001 .023 .003, .061 

Group     2.93 3, 197 .035 .023 .006, .066 

Stimulus cue × 

Group 

    1.03 3, 197 .382 .006 .001, .037 

RoF 1 fear rating .699 / .088 0.669 13.11 17.11      

Stimulus cue     90.23 1, 197 <.001 .032 .007, .073 

Group     1.53 3, 197 .209 .015 .003, .053 

Stimulus cue × 

Group  

    0.36 3, 197 .779 .001 .001, .027 

RoF 2 fear rating .492 / .098 0.437 12.35 14.95      

Stimulus cue     48.09 1, 197 <.001 .019 .002, .055 

Group     4.03 3, 197 .008 .029 .009, .075 

Stimulus cue × 

Group 

 

    0.32 3, 197 .813 .001 .001, .027 

LPP .247 / .086 0.176 1.80 1.97      

Stimulus cue     33.52 1, 176 <.001 .032 .004, .071 

Group     0.93 3, 176 .429 .004 .002, .046 

Stimulus cue × 

Group 

    0.42 3, 176 .740 .003 .002, .044 

Table 18. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the return 

of fear (RoF) phase for the categorical group comparison. Ὑ  = Conditional R²; Ὑ  = Marginal R²; Ὑ  = 

Partial R²; CI = Confidence Interval; RoF 1 = first CS exposure after reinstatement; RoF 2 = last CS 

exposure after reinstatement; LPP = Late positive potential. Degrees of freedom are deviating for the 

outcome measures due to missing data. The full model included stimulus cue (i.e., CS+ and CS- for RoF) 

and group (i.e., four levels: OCD, relatives, ACEs, and controls) as well as their interaction. Significant 

effects (p < .05) are printed in bold. 

 

Shock Expectancy Rating. RoF 1: There was a significant main effect of stimulus 

cue (p < .001), the CS+ was rated significantly higher compared to the CS-. 

RoF 2: The significant main effect of stimulus cue remained (p < .001), with the 

CS+ being rated with a significantly higher shock expectancy compared to the CS-. 

Additionally, the results also showed a significant main group effect (p = .035). 

Descriptively, the ACEs group showed the overall highest ratings (see Figure 27), 

followed by the OCD group. However, no group differences were significant after Sidak 

correction (all ps > .103). 

Fear Rating. RoF 1: Analyses revealed a significant main effect of stimulus cue 

(p < .001), the CS+ was rated significantly higher compared to the CS-.  
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RoF 2: The significant main effect of stimulus cue remained (p < .001), with the 

CS+ still being rated as significantly more fearful compared to the CS-. Additionally, the 

main effect of group was significant (p = .008). The OCD group rated the stimuli 

significantly higher compared to the control group (t(197) = 2.74, p = .040). Moreover, 

descriptively, the OCD group had higher ratings compared to the relatives group  

(t(197) = 2.53, p = .071), with ACEs showing intermediate values and nonsignificant 

comparisons (OCD versus ACEs: t(197) = 0.27, p > .999; relatives versus ACEs: t(197) 

= -2.14, p = .187; relatives versus control: t(197) = 0.05, p > .999; ACEs versus control: 

t(197) = 2.30, p = .128; see Figure 27). 

 
Figure 27. Shock expectancy and fear ratings during return of fear 2 (RoF 2; i.e., the last CS exposure after 

reinstatement) across groups. OCD = Obsessive-compulsive disorder; REL = Relatives; ACEs = Adverse 

childhood experiences; CON = Control group. Depicted are the mean and the standard error (SE) of (A) 

shock expectancy and (B) fear ratings for the RoF 2 rating. 

 

LPP. There was a reoccurring significant main effect of stimulus cue (p < .001), 

the CS+ elicited a significantly higher LPP response compared to the CS- (see Figure 28).  

 
Figure 28. Late positive potential (LPP) activity across return of fear (RoF). Depicted is the mean activity 

and standard error (SE) for the Pz electrode over all groups during RoF.  
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Due to the limited prior evidence on RoF processes, no specific hypotheses were 

formulated for this phase. We reported a higher response towards the CS+ compared to 

the CS- for both ratings at both time points. Whereas for the RoF 1 ratings no group 

differences emerged, a main effect of group for both RoF 2 ratings was found, with the 

OCD and ACEs groups showing the highest ratings, overall. For the LPP, a reoccurring 

differentiation between the CS+ and CS- was reported, indicating returned fear on a 

neural level across all groups. Descriptively, this differentiation was driven by the OCD 

group (see Figure 29). Despite the absence of a significant interaction, post hoc 

comparison using EMMS are provided to illustrate descriptive group patterns. These are 

provided for descriptive and exploratory purposes only and should not be viewed as 

confirmatory evidence. For the OCD group, there was a significant differentiation 

between the CS+ and CS- (t(176) = 3.21, p = .002), whereas this was not the case for the 

other groups (relatives: t(176) = 0.86, p = .390; ACEs: t(176) = 1.03, p = .303; controls: 

t(176) = 1.59, p = .114). However, as the interaction effect was not significant, these 

results should be viewed cautiously and cannot be interpreted further. 

 
Figure 29. Late positive potential (LPP) activity during return of fear (RoF) across groups. OCD = 

Obsessive-compulsive disorder; REL = Relatives; ACEs = Adverse childhood experiences; CON = Control 

group. Depicted is the mean activity and standard error (SE) for the Pz electrode between 300 ms and 1000 

ms after stimulus cue onset. There was a returned fear on a neural level across all groups which was, 

descriptively, driven by the OCD group. 
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3.3.4.6.2 Dimensional Symptom-Specific Comparison 

Model fit indices as well as all effects for all outcome measures during RoF are 

displayed in Table 19. Since the pattern and significance of stimulus cue effects did not 

differ from those observed in the models containing only stimulus cue and group, 

subsequent results focus on effects involving the dimensional symptom measures. 

Backward model selection yielded the following models: 

RoF 1 shock expectancy rating ~ stimulus cue + OCI-R + (1 | ID) 

RoF 2 shock expectancy rating ~ stimulus cue × group × OCI-R + (1 | ID)  

RoF 1 fear rating ~ stimulus cue + OCI-R + (1 | ID) 

RoF 2 fear rating ~ stimulus cue × group × BDI-II + (1 | ID) 

LPP ~ stimulus cue + (1 | ID) 

Shock Expectancy Rating. RoF 1: There was a significant main effect of OCI-R 

levels (p < .001). Higher OCI-R levels were significantly associated with overall higher 

shock expectancy ratings (b = 0.31, SE = 0.13, 95% CI: [0.04, 0.57]; see Figure 30).  

RoF 2: There was a significant main effect of OCI-R levels (p = .019). Higher 

OCI-R levels were significantly associated with higher shock expectancy ratings, again 

irrespective of stimulus cue (b = 0.36, SE = 0.15, 95% CI: [0.06, 0.66]). However, there 

was also a significant interaction between stimulus cue, group, and OCI-R levels  

(p = .019). Thus, for each stimulus cue × group combination, the slopes of OCI-R levels 

on shock expectancy ratings were estimated. The ACEs and the control group differed 

significantly in their shock expectancy rating for the CS+ (t(358) = -3.14, p = .011). The 

ACEs group showed a shock expectancy slope with a stronger decline compared to the 

control group, indicating that, in the ACEs group, higher obsessive-compulsive 

symptoms were associated with lower shock expectancy ratings, whereas the opposite 

pattern emerged for the control group (see Appendix C-10 for a display of the slopes). 

Fear Rating. RoF 1: We found a significant main effect of OCI-R levels  

(p < .001), with higher OCI-R levels being significantly associated with higher fear 

ratings for both stimuli (b = 0.59, SE = 0.16, 95% CI: [0.28, 0.90]; see Figure 30).  

RoF 2: There was a significant main effect of BDI-II levels (p = .038), with higher 

BDI-II levels being significantly associated with higher fear ratings (b = 0.41, SE = 0.20, 

95% CI: [0.02, 0.80]). However, there was also a significant interaction between stimulus 

cue, group, and BDI-II levels (p = .032). Therefore, for each stimulus cue × group 
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combination, the slopes of BDI-II levels on fear ratings were estimated. In the control 

group, BDI-II levels were differentially associated with fear ratings for the CS+ compared 

to the CS-. Higher BDI-II levels were associated with increased fear ratings for the CS+ 

but not for the CS- (t(193) = 2.58, p = .011). Additionally, the CS+ slope of the control 

group differed significantly from that of the relatives (t(197) = -2.76, p = .036) and the 

ACEs group (t(197) = -3.04, p = .015), but not from the OCD group (t(197) = -2.53, 

p = .070). This indicates that higher depressive symptoms were associated with higher 

fear ratings for the CS+ only in the control group (see Appendix C-11). 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

RoF 1 shock 

expectancy rating 

.507 / .252 0.341 19.25 22.37      

Stimulus cue     194.63 1, 200 <.001 .255 .188, .326 

OCI-R     5.25 1, 199 .023 .018 .002, .053 

RoF 2 shock 

expectancy rating 

.406 / .176 0.279 15.97 18.44      

Stimulus cue     56.77 1, 193 <.001 .020 .002, .056 

Group     1.40 3, 193 .243 .014 .003, .052 

OCI-R     5.62 1, 193 .019 .007 .000, .033 

Stimulus cue × 

Group 

    0.78 3, 193 .508 .004 .001, .034 

Stimulus cue × 

OCI-R 

    <0.01 1, 193 .963 .002 .000, .021 

Group × OCI-R     1.99 3, 193 .116 .028 .008, .073 

Stimulus cue × 

Group × OCI-R 

    3.39 3, 193 .019 .019 .004, .060 

RoF 1 fear rating .698 / .121 0.657 13.19 17.03      

Stimulus cue     93.72 1, 200 <.001 .097 .049, .156 

OCI-R     13.89 1, 199 <.001 .071 .031, .126 

RoF 2 fear rating .514 / .125 0.444 12.04 14.76      

Stimulus cue     48.77 1, 193 <.001 .014 .001, .046 

Group     1.79 3, 193 .150 .016 .003, .055 

BDI-II      4.35 1, 193 .038 .002 .000, .020 

Stimulus cue × 

Group 

    0.68 3, 193 .568 .003 .001, .031 

Stimulus cue × 

BDI-II  

    1.92 1, 193 .167 .000 .000, .013 

Group × BDI-II      1.26 3, 193 .291 .026 .008, .071 

Stimulus cue × 

Group × BDI-II  

    3.01 3, 193 .032 .014 .003, .052 

LPP - / .032 - 2.31 2.32      

Stimulus cue      11.80 1, 358 <.001 .032 .006, .077 

Table 19. Model fit indices and results of the Type III ANOVA with Satterthwaiteôs method for the return 

of fear (RoF) phase for the dimensional symptom-specific comparison. Ὑ  = Conditional R²; Ὑ  = Marginal 

R²; Ὑ  = Partial R²; CI = Confidence Interval; RoF 1 = first CS exposure after reinstatement; RoF 2 = last 

CS exposure after reinstatement; BDI-II = Beck Depression Inventory-II; OCI-R = Obsessive-Compulsive 

Inventory-Revised; LPP = Late positive potential. Degrees of freedom are deviating for the outcome 

measures due to missing data. The full model included stimulus cue (i.e., CS+ and CS- for RoF), group 

(i.e., four levels: OCD, relatives, ACEs, and controls), two mean-centered continuous predictors (i.e., OCI-

R and BDI-II) as well as their full interaction with stimulus cue and group. For each outcome measure, an 

individual reduced model was computed using a backward model selection procedure. Significant effects 

(p < .05) are printed in bold. 
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Figure 30. Influence of obsessive-compulsive symptoms on shock expectancy and fear ratings during 

return of fear 1 (RoF 1; i.e., first CS exposure after reinstatement). Obsessive-compulsive symptoms were 

measured with the sum score of the Obsessive-Compulsive Inventory-Revised (OCI-R). Increased OCI-R 

levels were associated with (A) higher shock expectancy ratings and (B) higher fear ratings for both stimuli 

during RoF 1. 

 

LPP. As during acquisition and generalization, only the stimulus cue effect was 

included in the reduced model, indicating no significant influences of dimensional 

variables. 

Taken together, for the RoF 1 ratings, higher obsessive-compulsive symptoms 

were positively associated with higher shock expectancy and fear ratings for both stimuli. 

For the RoF 2 ratings, significant three-way interactions between dimensional variables, 

stimulus, and group were observed. Specifically, shock expectancy ratings were 

associated with obsessive-compulsive symptoms: in the ACEs group, higher obsessive-

compulsive symptoms were linked to reduced shock expectancy for the CS+ relative to 

the CS-, whereas in the control group, obsessive-compulsive symptoms were associated 

with increased shock expectancy for the CS+ relative to the CS-. In parallel, fear ratings 

were associated with depressive symptoms. These group-specific effects were most 

pronounced in the control group, where higher depressive symptoms predicted higher fear 

ratings for the CS+ only. 

3.3.4.7 Exploratory Analyses 

3.3.4.7.1 Phase Effect 

As extinction learning did not seem to not have been fully completed, one linear 

mixed-effects model for each outcome measure was carried out including the factor phase 

(i.e., habituation, acquisition, generalization, extinction, RoF 1, and RoF 2 for shock 

expectancy and fear ratings, as well as acquisition, generalization, extinction, and RoF 
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for LPP activity), stimulus cue (i.e., CS+ and CS- only), and group (i.e., OCD, relatives, 

ACEs, and control) to test for changes over the course of phases. For an overview of 

model fit indices as well as all effects for the different outcome measures and post hoc 

comparisons, see Appendix C-12. 

Shock Expectancy Rating. The main effect of group (F(3, 197) = 4.12, p = .007, 

Ὑ  = .004, 95% CI: [.001, .012]) was significant. Following a similar pattern as in the 

models used for hypotheses testing, the OCD group showed significantly higher ratings 

compared to the control group (p = .034). Additionally, the OCD group showed 

descriptively higher, yet nonsignificant, ratings compared to the relatives group  

(p = .055), whereas the comparison between the OCD and ACEs group was not 

significantly different (p > .999). None of the other group comparisons reached 

significance (all ps >  .144). Further, the interaction between stimulus cue and phase was 

significant (F(5, 2167) = 227.78, p < .001, Ὑ  = .096, 95% CI: [.076, .121]). Following 

the same pattern as in the main models, which were used for hypotheses testing, the CS+ 

was rated significantly higher compared to the CS- in all phases (all ps < .001) except for 

the habituation phase (p = .508). Phase comparison revealed that for the CS+ the 

habituation rating was significantly lower compared to all other phase ratings  

(all ps < .003) except for the RoF 2 rating (p = .106). The acquisition rating was not 

significantly different compared to the generalization rating (p = .991) but both were 

significantly higher compared to all other ratings (all ps < .001). The extinction rating 

was significantly lower compared to RoF 1 but significantly higher compared to the RoF 

2 rating (all ps < .001). Lastly, the RoF 1 and RoF 2 ratings also differed significantly  

(p < .001), with the RoF 1 rating being significantly higher. In contrast, the CS- rating 

followed a different pattern. The habituation rating was significantly higher compared to 

all other phase ratings (all ps < .001) except the RoF 1 rating (p = .065). The acquisition, 

generalization, extinction, and RoF 2 ratings did not differ significantly from each other 

(all ps > .809). However, the RoF 1 rating was significantly higher compared to all other 

ratings (all ps < .001). For an overview of the shock expectancy ratings across all phases 

and groups, see Figure 31. 
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Figure 31. Shock expectancy rating across all phases and groups. Hab = Habituation; Acq = Acquisition; 

Gen = Generalization; Ext = Extinction; RoF 1 = First CS exposure after reinstatement; RoF 2 = Last CS 

exposure after reinstatement; OCD = Obsessive-compulsive disorder; REL = Relatives; ACEs = Adverse 

childhood experiences; CON = Control group. 

 

Fear Rating. There was a significant main effect of group (F(3, 197) = 5.92,  

p < .001, Ὑ  = .006, 95% CI: [.002, .014]). The OCD group reported the highest fear 

ratings and differed significantly compared to the control group (p < .001) as well as the 

relatives group (p = .015). In contrast, the OCD group did not differ significantly 

compared to the ACEs group that showed intermediate ratings (p = .643). None of the 

other group comparisons reached significance (all ps > .155). Additionally, the interaction 

between stimulus cue and phase was significant (F(5, 2167) = 69.70, p < .001, Ὑ  = .032, 

95% CI: [.021, .049]). As in the main models used for hypotheses testing, the CS+ was 

rated significantly higher compared to the CS- in all phases (all ps < .001) except for the 

habituation phase (p = .861). Phase comparison revealed that, for the CS+, the habituation 

rating was significantly lower compared to all other ratings (all ps < .001) except for the 

extinction (p = .213) and RoF 2 rating (p > .999). The acquisition rating was not 

significantly different compared to the generalization (p < .999), but both ratings were 

significantly higher compared to all other ratings (all ps < .001). The extinction rating 

was significantly lower compared to the RoF 1 (p = .001) but significantly higher 

compared to the RoF 2 rating (p = .024). The RoF 1 and RoF 2 ratings also differed 
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significantly (p < .001), with higher fear ratings for RoF 1. The CS- rating followed a 

different pattern. The habituation rating was significantly higher compared to all phases 

(all ps < .003) except for the RoF 1 rating (p = .096). The acquisition, generalization, 

extinction, and RoF 2 ratings did not differ significantly from each other (all ps > .385). 

However, the RoF 1 rating was significantly higher compared to acquisition, 

generalization, extinction, and RoF 2 ratings (all ps < .001). For an overview of the fear 

ratings across all phases and groups, see Figure 32. 

 
Figure 32. Fear rating across all phases and groups. Hab = Habituation; Acq = Acquisition; Gen = 

Generalization; Ext = Extinction; RoF 1 = First CS exposure after reinstatement; RoF 2 = Last CS exposure 

after reinstatement; OCD = Obsessive-compulsive disorder; REL = Relatives; ACEs = Adverse childhood 

experiences; CON = Control group. 

 

LPP. No significant main effect of group or interaction with group emerged. 

Analyses revealed a significant interaction between stimulus cue and phase  

(F(3, 1232) = 8.69, p < .001, Ὑ  = .005, 95% CI: [.001, .017]). For the LPP, following 

the same pattern as in the models used for hypotheses testing, the CS+ elicited a 

significantly higher LPP activity in all phases (all ps < .001) except for the extinction 

phase (p = .875). For the CS+, LPP activity was significantly lower during the acquisition 

phase compared to the generalization phase (p < .001) but did not differ significantly 

compared to extinction and RoF (all ps >.772). Further, LPP activity during 

generalization was significantly higher compared to extinction and RoF (all ps <.001), 
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whereas extinction and RoF did not differ significantly (p = .866). For the CS-, the LPP 

activity during acquisition was significantly lower compared to all other three phases (all 

ps < .010). While the generalization phase was not significantly different compared to 

extinction and RoF (all ps > .679), LPP activity during extinction was descriptively higher 

compared to RoF (p = .069). For an overview of the LPP activity across all phases and 

groups, see Figure 33. 

 
Figure 33. Late positive potential (LPP) activity across all phases and groups. Hab = Habituation; Acq = 

Acquisition; Gen = Generalization; Ext = Extinction; RoF = Return of fear; OCD = Obsessive-compulsive 

disorder; REL = Relatives; ACEs = Adverse childhood experiences; CON = Control group. Depicted is the 

mean activity and standard error (SE) for the Pz electrode between 300 ms and 1000 ms after stimulus cue 

onset. 

 

In summary, for both the shock expectancy as well as the fear rating, phase effects 

suggest successful fear learning processes in all groups. While there is a decrease in the 

ratings for the CS+ after the extinction phase, the differentiation between CS+ and CS- 

remains significant. After the reinstatement it increases at the first CS exposure for both 

stimuli (i.e., RoF 1 rating) and decreases at the last CS exposure (i.e., RoF 2 rating). While 

the differentiation remains significant during the RoF phase as well, after the last CS 

exposure, the CS+ is rated similarly compared to the habituation phase, while the CS- is 

even being rated significantly lower compared to the habituation. This suggests that fear 

extinction learning took place. However, as participants continued to differentiate 
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between the CS+ and CS- in terms of reported shock expectancy and fear, this indicates 

only partial extinction learning. For the LPP, a differentiation between the CS+ and CS- 

was observed across all phases (i.e., acquisition, generalization, and RoF) except during 

extinction, indicating successful fear acquisition and extinction learning at the neural 

level. Although the LPP response to the CS+ significantly declined during fear extinction, 

it remained comparable to the level observed during fear acquisition. In contrast, the LPP 

response to the CS- continued to increase during fear generalization and extinction. This 

pattern suggests that successful neural extinction may have been primarily driven by an 

enhanced positivity towards the CS- rather than a reduced positivity towards the CS+. 

3.3.4.7.2 Anxiety-Related Psychopathology and Comorbid Depression 

For the analysis of the potential influence of a diagnosed comorbid depression, 

the sample was split up in different clinical categories: Individuals with any current 

anxiety- or stress-related disorder with a current comorbid depression (n = 27), 

individuals with a current anxiety- or stress-related disorder without a current comorbid 

depression (n = 49), and individuals without any such diagnoses (n = 108). For an 

overview of model fit indices as well as all effects for the different outcome measures, 

see Appendix C-13. 

Shock Expectancy Rating. None of the main or interaction effects including the 

factor group reached significance in any of the phases for the shock expectancy ratings, 

indicating that this group categorization did not influence shock expectancy ratings.  

Fear Rating. For fear ratings, there were significant main effects of group for the 

acquisition, generalization, and extinction phase. For the main effect of the acquisition 

rating (F(2, 181) = 7.11, p = .001, Ὑ  = .028, 95% CI: [.006, .074]), the group with 

anxiety- and stress-related disorders without comorbid depression showed significantly 

higher fear ratings compared to the control group (t(181) = -3.45, p = .002). In contrast, 

the group with anxiety- and stress-related disorders and comorbid depression showed a 

similar pattern descriptively, but the difference from the control group was not 

statistically significant (t(181) = -2.33, p = .061). The two clinical groups did not differ 

significantly (t(181) = 0.39, p = .972). Post hoc comparisons of the main effects of the 

generalization rating (F(2, 181) = 5.30, p = .006, Ὑ  = .013, 95% CI: [.003, .033]) revealed 

that the two clinical groups rated the stimuli significantly higher compared to the control 

group, while not differing significantly from each other (anxiety- and stress-related 
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disorder with comorbid depression versus control: t(181) = -2.51, p = .038; anxiety- and 

stress-related disorder without comorbid depression versus control: t(181) = -2.63,  

p = .027; anxiety- and stress-related disorder with depression versus without depression: 

t(181) = -0.56, p = .925). The main effect of group during the extinction rating  

(F(2, 181) = 7.63, p < .001, Ὑ  = .051, 95% CI: [.018, .105]) followed the same pattern 

(anxiety- and stress-related disorder with comorbid depression versus control:  

t(181) = -3.18, p = .005; anxiety- and stress-related disorder without comorbid depression 

versus control: t(181) = -3.00, p = .009; anxiety- and stress-related disorder with 

depression versus without depression: t(181) = -0.41, p = .969). 

LPP. There were no main or interaction effects with group, indicating that splitting 

up the sample in anxiety- and stress-related disorders with and without comorbid 

depression did not influence LPP activity significantly. 

Overall, no significant group effects emerged for shock expectancy ratings and 

LPP activity. In contrast, for fear ratings, significant main effects of group were found 

during fear acquisition, generalization, and extinction, with the two clinical groups 

consistently reporting higher fear ratings than the control group. 

3.3.5 Conclusion 

Study III investigated fear and safety learning processes across participants with 

OCD, participants at genetic and environmental risk for anxiety-related psychopathology, 

and unaffected control participants. The aim was to gain a deeper understanding of the 

mechanisms underlying fear and safety learning processes in OCD and identifying the 

potential role of alterations in these processes as risk markers for the development of 

psychopathology. Multiple fear conditioning phases (i.e., fear acquisition, fear 

generalization, fear extinction, and RoF following a reinstatement) were employed, and 

several outcome measures (i.e., shock expectancy rating, fear rating, and LPP activity) 

were collected simultaneously.  

The key findings of study III can be summarized as follows: (1) Across all groups, 

robust discrimination between the CS+ and CS- was observed for all outcome measures 

during fear acquisition, indicating successful fear learning; (2) During generalization, the 

CS+ elicited the strongest response, followed by the GS+, suggesting that fear was 

generalized to the stimulus most similar to the CS+ across all groups and outcome 

measures; (3) Extinction learning was characterized by a reduction in shock expectancy 
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and fear ratings, yet the CS+ remained significantly higher than the CS-, suggesting 

incomplete extinction. On a neural level, LPP amplitudes during extinction indicated 

successful fear extinction, however, primarily driven by increased responses toward the 

CS- rather than decreased CS+ responses; (4) During RoF, ratings of the CS+ increased 

again during RoF 1 and decreased further during RoF 2. For the LPP activity a re-

emerging differentiation between the CS+ and CS- was observed, indicating returned fear 

responses; (5) Group comparisons revealed that participants with OCD consistently 

reported higher shock expectancy and fear ratings compared to the control group. 

However, these differences were not always stimulus-specific and not reflected in LPP 

activity. Further, first degree-relatives showed a similar pattern to the control group, 

whereas the ACEs group showed intermediate ratings that were not statistically 

significant compared to any of the other groups; (6) In symptom-specific dimensional 

analyses, higher obsessive-compulsive symptoms were associated with elevated shock 

expectancy and fear ratings. Moreover, they most likely accounted for the significant 

group differences observed in the simple models. At the same time, depressive symptoms 

influenced fear ratings in a group-specific manner. In the relatives group, higher 

depressive symptoms were associated with higher overall fear ratings during fear 

generalization, whereas in the control group, they were associated with higher CS+ fear 

ratings during RoF 2; (7) Exploratory analyses revealed that the comparison of anxiety- 

and stress-related disorders with and without comorbid depression indicated no group 

differences for shock expectancy ratings and LPP activity. In contrast, both groups with 

anxiety- and stress-related disorders ï independent of comorbid depression ï consistently 

reported higher fear ratings than the control group during fear acquisition, generalization, 

and extinction. See Table 20 for an overview of the main findings of study III. 

As in study II, the stimulus cue and phase effects suggest successful fear learning 

during fear acquisition and generalization as well as RoF indicated by higher responses 

for the CS+ and GS+ compared to the CS- across outcome measures. However, extinction 

ratings remained higher for the CS+ compared to the CS-. Additionally, successful 

extinction in LPP responses seems to have been primarily driven by an enhanced 

positivity towards the CS- rather than a reduced positivity towards the CS+. Thus, the 

pattern of results across all outcome measures is in line with previous research, although, 

complete extinction learning is commonly reported (e.g., Cano et al., 2021; Dou et al., 

2023; McLaughlin et al., 2015). Additionally, findings for the LPP were strengthened and 
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extended for generalization and RoF (Klein et al., 2024). Previous work has examined 

LPP activity during delayed extinction and extinction recall without RoF manipulations. 

Here, healthy adults showed no CS+/CS- differentiation in LPP activity (Panitz et al., 

2015; Sperl et al., 2021), while anxious youth have shown an enhanced LPP to the CS+ 

(Klein et al., 2024). However, these phases are not fully comparable to the RoF examined 

in the present study. Research directly assessing LPP responses following a RoF 

manipulation is still limited and study III offers initial evidence that RoF can be captured 

in LPP activity. Notably, this effect appeared to have been descriptively driven by 

individuals with OCD, underscoring the need to further examine potential differences 

between clinical and non-clinical groups. 

 Group Obsessive-compulsive 

symptoms 

Depressive symptoms 

 Exp Fear LPP Exp Fear LPP Exp Fear LPP 

Acquisition          

CS+  OCD   OCI     

CS-  OCD  OCI OCI     

Generalization          

CS+ OCD OCD  OCI OCI   BDI  

GS+ OCD OCD  OCI OCI     

GSU OCD OCD  OCI      

GS- OCD OCD  OCI      

CS- OCD OCD  OCI      

Extinction          

CS+ OCD OCD  OCI      

CS- OCD OCD  OCI      

Return of fear 1          

CS+    OCI OCI     

CS-    OCI OCI     

Return of fear 2          

CS+  OCD - OCI  -  BDI - 

CS-  OCD -   -   - 

Table 20. Summary of the group and symptom-specific dimensional effects. Exp = Shock expectancy 

rating; Fear = Fear rating; LPP = Late positive potential; OCD = Obsessive-compulsive disorder; OCI = 

Obsessive-Compulsive Inventory-Revised; BDI = Beck Depression Inventory-II. Gray cells indicate 

nonsignificant group differences or nonsignificant dimensional influences. Orange cells indicate 

significantly higher responses in the group/dimension listed in the corresponding cell, whereas purple 

indicates a three-way interaction, where some participants reported increased responses, whereas others 

reported decreased or nonsignificant responses. Dashes denote phases that were not assessed in the 

respective outcome measure. A significance level of Ŭ = .05 was defined for all analyses. 

 

Furthermore, regarding the categorical group comparisons, our data are in line 

with the meta-analytic findings of study I. Participants with OCD reported higher shock 

expectancy and fear ratings across multiple phases and stimuli. These findings further 

strengthen the existing literature on fear conditioning in OCD (e.g., Apergis-Schoute et 

al., 2017; Fyer et al., 2020) and contradict studies that reported no group differences 
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between individuals with OCD and unaffected controls (e.g., Cano et al., 2021; 

McLaughlin et al., 2015; Milad et al., 2013; Nanbu et al., 2010). However, most of the 

group differences were better explained by overall obsessive-compulsive symptomology 

than categorical group comparisons, indicating that dimensional approaches may offer a 

more nuanced understanding of the underlying mechanisms. Our findings are consistent 

with the symptom profile of obsessive-compulsive symptoms, involving heightened 

threat appraisal and strong emotional reactions to perceived danger (American Psychiatric 

Association, 2013). Individuals showed elevated shock expectancy for safety cues and 

generally increased fear responses, particularly toward threat-related stimuli. For the LPP, 

there were no categorical or dimensional effects associated with OCD or obsessive-

compulsive symptoms. Overall, categorical group and symptom-specific effects were 

stronger in subjective ratings of shock expectancy and fear compared to LPP activity, 

supporting the dual-process account of fear and safety learning (e.g., Hamm & Vaitl, 

1996; Hamm & Weike, 2005; LeDoux & Pine, 2016; Sevenster et al., 2012a). If different 

outcome measures truly indexed the same underlying processes of fear and safety 

learning, we would expect to find similar group differences across all outcome measures. 

However, our findings suggest that cognitive biases may underlie impaired learning in 

OCD. These biases may be more evident in measures tapping slower, consciously 

controlled evaluations of threat and safety (i.e., subjective ratings). 

Further, on the categorical group level, we did not find any significant differences 

for the at-risk groups, although descriptively, the ACEs group often showed intermediate 

levels between the OCD and control group, whereas the pattern of the relatives group was 

more similar to the control group, especially concerning the ratings. It is possible that the 

intermediate levels observed in the ACEs group obscured potential effects. The ACEs 

group did not differ significantly from either the OCD, relatives or the control group, 

whereas the OCD group showed multiple significant differences compared to the relatives 

and control group. Moreover, we did not find a blunted response towards the CS+ in the 

ACEs group which has previously been reported (Ruge et al., 2024). We conclude that 

there might be deficits in fear and safety learning in individuals with ACEs, yet, there are 

various reasons for why our study did not detect these differences statistically. For 

instance, it might be possible that other outcome measures (i.e., psychophysiological 

outcome measures) might reveal alterations not captured in the present study or that study 

III might have had not enough power to detect differences statistically. In fact, the 
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distinction between groups was likely diminished, as participants in both the OCD and 

relatives groups were allowed to have experienced ACEs. 

To address concerns about statistical power, post hoc sensitivity analyses using 

the R package simr (Green & MacLeod, 2016) were conducted. For each outcome 

measure and phase in the reduced models including diagnosis-based and symptom-

specific dimensional comparisons, the smallest detectable significant interaction effect 

was determined and analyses based on 1000 simulations with the Kenward-Roger method 

were conducted (see Appendix C-14 for details). Results showed that most fell just below 

the 80% threshold (Lakens, 2022). Effects with a power below 80% should be interpreted 

with this consideration in mind and it remains possible that limited statistical power 

prevented the detection of smaller effects. 

In terms of potential influences of comorbid depression, we did not find 

differences between participants with anxiety- or stress-related disorders with and without 

a comorbid depressive disorder. For both groups increased fear ratings compared to 

unaffected control participants were found. Dimensionally, there were some, but rather 

inconsistent interaction effects, for fear ratings. Overall, while there appeared to be no 

additional influence of comorbid depression on a diagnosis-based level, dimensional 

analyses indicated some potential influences of depressive symptoms, especially in terms 

of spontaneous recovery. More specifically, depressive symptomology may be related to 

difficulties not only in achieving fear reduction but also in maintaining it over time. 

In summary, individuals with OCD showed elevated stimulus-unspecific 

subjective ratings of shock expectancy and fear throughout most phases examined. In 

contrast, while the ACEs group showed intermediate ratings, none of the comparisons 

reached significance, and the relatives group showed a response pattern similar to the 

control group. These findings do not offer evidence for altered fear and safety learning 

functioning as a vulnerability marker or endophenotype for OCD (Gottesman & Gould, 

2003; Miller & Rockstroh, 2013), although more research is needed to draw final 

conclusions. At the dimensional level, obsessive-compulsive symptoms were associated 

with elevated shock expectancy and fear ratings. In fact, most of the group differences 

were better explained by obsessive-compulsive symptomology which were most 

pronounced in the OCD group. At the same time, there were some influences of 

depressive symptomology on fear ratings, especially during RoF. These results might 

indicate that obsessive-compulsive and depressive symptoms influence different aspects 
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of fear and safety learning, with obsessive-compulsive symptoms potentially playing a 

bigger part in cognitive evaluation and depressive symptoms with the affective 

component of returned fear. The findings of study III underline the importance of 

symptom-specific dimensions when evaluating fear and safety learning processes in 

OCD. These dimensions should be investigated further to better understand how they 

relate to the development, maintenance, and treatment of OCD and, more generally, 

anxiety-related psychopathology. 
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4 General Discussion 

Fear and safety learning processes are fundamental for survival, enabling 

individuals to respond to threats accordingly and adaptively (Lonsdorf et al., 2017). 

However, when these processes become dysfunctional, they can contribute to 

maladaptive responses, commonly observed in anxiety- and stress-related disorders 

(Craske et al., 2009; Lissek et al., 2008). Against this background, the present dissertation 

had the overall objective to investigate fear and safety learning across and within anxiety- 

and stress-related disorders to add to the understanding of the underlying mechanisms 

that potentially play a part in their development, maintenance, and treatment. To this end, 

differential fear conditioning was examined across multiple phases (i.e., acquisition, 

generalization, extinction, extinction recall, and RoF) and outcome measures (i.e., US 

expectancy ratings, affect ratings, FPS, SCR, and LPP), using both meta-analytic 

approaches and cross-sectional designs. This work additionally incorporated populations 

at elevated risk for anxiety-related psychopathology to enhance the predictive value of 

findings, while taking into account categorical group comparisons, symptom-specific 

dimensional influences, and the role of comorbid depression. 

4.1 Integrating Diagnosis-Based Evidence across Anxiety- and Stress-Related 

Psychopathology 

Throughout the past decades, fear and safety learning processes in anxiety-related 

psychopathology have been extensively studied, not only in research but also as 

foundational concepts of psychology more broadly, integrated into theoretical models and 

educational curricula. It has been widely assumed that fear and safety learning processes 

are altered in individuals with anxiety-related psychopathology, and that these alterations 

can, at least partially, explain underlying mechanisms of the development and 

maintenance of anxiety- and stress-related disorders as well as form the foundation of 

their treatment approaches (e.g., Cooper et al., 2022; Duits et al., 2015; Fraunfelter et al., 

2022; Lissek et al., 2005). However, when having a closer look at studies investigating 

these processes, findings are often rather of small to medium effect sizes and inconsistent. 

Methodological heterogeneity across studies and across symptoms within anxiety- and 

stress-related disorders additionally complicate getting a clear overview. Thus, one 

overall aim of the present dissertation was to integrate and expand empirical evidence 
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based on categorical diagnosis in this area. For an overview of the general pattern of 

results for these diagnosis-based comparisons across all studies, see Table 21. 

 Study I Study II Study III 

 Exp Affect FPS SCR Exp FPS LPP Exp Fear LPP 

Acquisition           

CS+  ANX       OCD  

CS- ANX ANX ANX  SAD    OCD  

Generalization           

CS+ - - - -    OCD OCD  

GS+ - - - -    OCD OCD  

GSU - - - -    OCD OCD  

GS- - - - -    OCD OCD  

CS- - - - -    OCD OCD  

Extinction           

CS+  ANX      OCD OCD  

CS- ANX ANX      OCD OCD  

Extinction 

Recall 

          

CS+  ANX   - - - - - - 

CS-  ANX ANX 1  - - - - - - 

Return of Fear           

CS+ - - - - - - -  OCD  

CS- - - - - - - -  OCD  

Table 21. Overview of the diagnosis-based effects. Exp = US expectancy rating; Affect = Affect rating; 

FPS = Fear-potentiated startle; SCR = Skin conductance response; LPP = Late positive potential; Fear = 

Fear rating; ANX = Participants with anxiety- and stress-related disorders; SAD = Social anxiety disorder; 

OCD = Obsessive-compulsive disorder. Gray cells indicate nonsignificant group differences. Orange cells 

indicate significantly higher responses in the group listed in the corresponding cell, whereas blue cells 

indicate significantly lower responses in that group. Dashes denote phases that were not assessed in the 

respective study. In study I, participants with anxiety- or stress-related disorders included the diagnoses of 

anxiety disorders, OCD, and post-traumatic stress disorder. For study I, significant effects after correction 

for publication bias are displayed. A significance level of Ŭ = .05 was defined for all analyses. 
1 two studies contributed to this finding, consequently, the interpretative power is limited and this effect 

will not be discussed further. 

 

Study I focused on data integration of the present empirical evidence on fear 

acquisition, extinction, and extinction recall across diagnosed anxiety- and stress-related 

disorders. Building upon and extending the meta-analysis of Duits et al. (2015), a total of 

77 studies were included, comprising n = 2052 participants with anxiety- and stress-

related disorders (i.e., anxiety disorders, OCD, and PTSD) and n = 3258 healthy 

participants. While there are quite a few studies that examine fear conditioning in anxiety- 

and stress-related disorders, only a limited number include multiple disorder groups at 

once, which complicates the identification of distinct and shared effects across disorders. 

Thus, study II had the aim to investigate the specificity of fear and safety learning 

processes across multiple anxiety- and stress-related disorders. In a large transdiagnostic 

sample (n = 156), participants with OCD, SAD, SP, and unaffected controls were 
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included. Study III aimed at gaining a deeper understanding of fear and safety learning 

mechanisms underlying specifically OCD and identifying the potential role of altered fear 

and safety learning as risk markers for the development of psychopathology (the latter 

will be discussed in subchapter 4.4, Altered Fear and Safety Learning Processes as Risk 

Markers for Anxiety-Related Psychopathology). Therefore, a sample of n = 201 

participants was examined, including individuals with OCD, first-degree relatives of 

individuals with OCD, individuals with a history of ACEs, and unaffected controls. 

4.1.1 Impaired Safety Learning during Fear Acquisition 

For fear acquisition, study I aligns with previously conducted meta-analyses, 

reporting a similar stimulus effect as well as effect size, in terms of an increased fear 

response towards safety cues (Duits et al., 2015; Lissek et al., 2005). Additionally, it 

provides important insights into outcome-specific findings in anxiety-related 

psychopathology. While higher responses towards the CS- were found for US expectancy 

ratings, affect ratings, and the FPS, no effect was visible in SCR data, and an additional 

higher response in affect ratings towards the CS+ was found. The subsequent cross-

sectional studies II and III partly align with those findings. Study II reports higher shock 

expectancy ratings for the CS- in participants with SAD, which aligns with previous 

findings (Hermann et al., 2002; Rabinak et al., 2017). However, neither the OCD nor the 

SP group showed alterations in fear acquisition, which contradicts the findings of study 

I. There were no differences in FPS or LPP data either. In contrast, in study III, 

participants with OCD showed significantly higher fear ratings, regardless of stimulus, 

which aligns with study I and partially with previous studies that reported higher 

responses for the CS- only (Apergis-Schoute et al., 2017; Fyer et al., 2020). There were 

no group differences regarding shock expectancy ratings and LPP activity, which 

contradicts study I.  

Together, group comparisons regarding fear acquisition across the three studies 

consistently point to impairments in safety learning (i.e., CS- responding), mostly in self-

report data and an overall increased negative affect to both CS+ and CS-. Results were 

particularly robust for affect ratings, which have not been assessed in study II. The data 

showed no group differences in LPP activity, suggesting that attentional processes and 

allocations of attentional resources are similar across clinical groups and unaffected 

control participants. There are numerous possible explanations for why individuals with 
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anxiety- and stress-related disorders might show elevated responding towards the safety 

cue. For example, reduced contingency (i.e., CS-US pairing) awareness, fear 

overgeneralization, and deficient fear inhibition might all possibly lead to impaired safety 

learning (e.g., Beckers et al., 2023; Craske et al., 2009; Davis et al., 2000; Duits et al., 

2015; Jovanovic et al., 2012). Individuals with anxiety- and stress-related disorders might 

therefore show an information processing heuristic, a ñbetter safe than sorryò processing 

strategy (Brosschot et al., 2018; Van Den Bergh et al., 2021). More specifically, this 

heuristic is marked by diminished sensory-perceptual specificity, which enables rapid 

detection of potential threat at the cost of reduced precision (Van Den Bergh et al., 2021). 

This framework further aligns with the generalized unsafety theory of stress (Brosschot 

et al., 2018). Within this theory it is assumed that stress responses are the default system 

and safety behavior is something that needs to be actively learned, as from an evolutionary 

perspective, it is better to be safe than sorry (i.e., fleeing too often compared to one time 

too few). The absence of perceived safety leads to stress responses found in anxiety- and 

stress-related disorders (Brosschot et al., 2018). In terms of fear conditioning the ñbetter 

safe than sorryò heuristic and generalized unsafety theory of stress would show by higher 

responses towards stimuli that are objectively safe, which was observed across all three 

studies. Moreover, increased affect and fear ratings were stimulus-unspecific, which may 

reflect a core symptom of anxiety- and stress-related disorders, i.e., generally elevated 

fear and anxiety as well as anticipation of threat or absence of perceived safety (Brosschot 

et al., 2018; Clark & Watson, 1991). The impaired safety learning found in these disorders 

might further increase negative affect, including increased uncertainty, stress, and fear 

(Brosschot et al., 2018; Staples-Bradley et al., 2018) which could explain the overall 

higher affect and fear ratings observed. 

4.1.2 Impaired Extinction Learning  

Similar to previous meta-analyses, study I reports impaired extinction learning in 

individuals with anxiety- and stress-related disorders (Duits et al., 2015; Lissek et al., 

2005). Following the same pattern as found in the acquisition phase, US expectancy 

ratings were increased for the CS-. Affect ratings were increased for both stimuli, which 

was also found during extinction recall, a phase that has not been examined meta-

analytically before. No robust significant alterations were found for psychophysiological 

outcome measures (i.e., SCR and FPS). In study II, no significant group differences in 
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any of the outcome measures (i.e., shock expectancy, FPS, and LPP) were reported, which 

is contradictory to study I. However, some previous findings reported no significant group 

differences for OCD, SAD, and SP either (e.g., Ahrens et al., 2016; Cano et al., 2021; 

Lange et al., 2019). Of note, in all groups, the differentiation between the CS+ and CS- 

remained significant across all outcome measures, which was also reported in other 

studies for anxiety- and stress-related disorders (Fyer et al., 2020; Nanbu et al., 2010). 

However, as this was also the case for the control group, it is more likely to be traced 

back to methodological design choices (i.e., a short extinction phase) rather than to 

mechanisms underlying anxiety-related psychopathology. In study III, higher shock 

expectancy and fear ratings in participants with OCD compared to unaffected control 

participants were observed. Shock expectancy ratings were, in contrast to study I, not 

specific for the CS- but regardless of stimulus seen in both the CS+ and CS-, while the 

pattern of the fear ratings was in accordance with study I. Previous studies report a 

remaining differentiation between CS+ and CS- in participants with OCD (Fyer et al., 

2020; Nanbu et al., 2010), which were also found in study III. However, mirroring study 

II, this was not specific for the OCD group but rather visible across all participants. 

While finding no group differences in study II, findings from studies I and III 

suggest impaired extinction learning in participants with anxiety- and stress-related 

disorders compared to control participants in shock expectancy and fear ratings. The 

heightened response towards the CS+ in anxiety and OCD indicates persistent threat-

responses even in the absence of threat. According to the inhibitory retrieval model, a 

new inhibitory memory trace is formed that competes with the existing fear memory 

(Bouton, 2004; Craske et al., 2014). If the newly formed extinction memory trace is not 

strong enough to compete or override the existing fear memory trace, impaired extinction 

learning might be the consequence (Bouton et al., 2021). Thus, the findings of studies I 

and III might suggest, in accordance with the inhibitory retrieval model, that in 

individuals with anxiety- and stress-related disorders, the newly formed inhibitory 

memory trace is not yet strong enough to sufficiently compete with the fear memory trace. 

In order to form a stronger inhibitory memory trace, exposure duration and repetition may 

be crucial. This is supported by studies II and III, in which extinction procedures were 

likely not sufficiently long or intensive, as none of the groups demonstrated complete 

extinction learning (i.e., no differentiation between the CS+ and CS-) in shock expectancy 

and fear ratings (An et al., 2017). Longer or more repeated exposure trials might be 
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necessary, and individuals with anxiety- and stress-related disorders may require even 

more extensive extinction training to establish robust inhibitory learning. Here, future 

studies, including adapted paradigms allowing trial-by-trial analyses, could provide 

valuable insight into individual extinction trajectories, potentially revealing group 

differences that are not captured by aggregated measures. Furthermore, for extinction 

learning to be successful, it also needs to generalize across stimuli and contexts (Pittig et 

al., 2018; Treanor et al., 2017). As the response towards the CS-, particularly in affect 

ratings, was also increased in participants with anxiety-related disorders compared to 

controls, deficits in inhibitory learning might not only be associated with extinction 

learning but with safety learning more generally. Individuals with anxiety- or stress-

related disorders might have an overall cognitive bias towards threat-related situations, 

leading to stronger responses regardless of stimulus (Chaaya et al., 2018). In fact, 

informational processing biases (i.e., cognitive processes of attention, memory, and 

appraisal), such as an attentional or memory bias towards threat-related stimuli, have been 

reported across a range of anxiety- and stress-related disorders (e.g., Craske et al., 2009; 

Large et al., 2016; Leung et al., 2022; Nugent & Mineka, 1994). This would also align 

with the findings that impaired extinction learning was only found in ratings and not in 

FPS and LPP data. 

At the same time, in study II, no group differences during extinction were 

observed. This may be potentially due to the very short extinction phase implemented as 

well as missing affect ratings (e.g., fear ratings) that showed the most robust effect sizes 

in study I. Such brief procedures might induce a high level of uncertainty in all 

participants, reducing the likelihood of detecting between-group variation (Klingelhöfer-

Jens et al., 2022). Moreover, the immediate extinction in combination with a short 

extinction phase might have further influenced the results. These considerations are 

especially relevant in the context of study I, as immediate and delayed extinction were 

not separated in the meta-analysis. This may have influenced the magnitude of the 

observed impairment, since delayed extinction is often associated with stronger extinction 

deficits than immediate extinction (Cooper et al., 2022; Klein et al., 2024). This suggests 

that individuals with anxiety- and stress-related disorders may show not only impaired or 

delayed extinction learning (Duits et al., 2015; Klein et al., 2024) but also an impaired 

memory consolidation, and potentially retrieval, of inhibitory extinction memories. Such 

deficits may reflect a more general difficulty inhibiting negative affect or threat responses 
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in the absence of objective threat in individuals with anxiety- or stress-related disorders, 

which could contribute to the maintenance of clinical symptoms over time. It is important 

to note that affect ratings, which were the most robust outcome measure in study I (see 

subchapter 4.5, Different Outcome Measures, Different Insights?, for the discussion of 

the convergence and divergence across outcome measures), were not included in study 

II, underlining that the absence of group differences could be explained by 

methodological design choices. 

4.1.3 Overgeneralization of Fear 

Additionally, in studies II and III, fear generalization was examined. First of all, 

fear generalization across all participants in the paradigms used was observed. Fear was 

generalized to the stimulus most similar to the CS+ (i.e., GS+). The GS+ elicited a 

significantly higher response compared to the GSU, GS-, and CS- across all outcome 

measures. While there were no significant group differences in fear generalization in 

study II, participants with OCD reported overall higher shock expectancy and fear ratings 

relative to control participants in study III. Meta-analytic evidence reports a small but 

robust effect for fear overgeneralization in individuals with anxiety- and stress-related 

psychopathology (Cooper et al., 2022; Fraunfelter et al., 2022). Of note, most studies 

included in these meta-analyses were on PTSD and GAD. Few studies have examined 

fear generalization in SAD, SP, and OCD. For SAD, fear overgeneralization has been 

reported for SCR, heart rate, and arousal ratings but not for US expectancy ratings 

(Ahrens et al., 2016). Thus, study II challenges reported fear overgeneralization across 

outcome measures, as no significant group differences were found for shock expectancy 

ratings, FPS, or LPP data in SAD. For SP, fear overgeneralization could only be found 

for phobia-related stimuli (Kopp et al., 2005) but not for emotionally neutral, non-phobia 

related stimuli (Lange et al., 2019). Therefore, the findings of study II align with previous 

reported evidence. However, as discussed above, the absence of group differences in 

study II for SAD and SP could be due to methodological design choices (i.e., missing 

affect ratings) or due to limited statistical power for detecting small effects. Further, it is 

possible that neutral geometrical forms might not evoke disorder-specific threat responses 

strongly enough in SAD and SP to elicit fear overgeneralization. Studies II and III 

contribute meaningfully to the literature on OCD and fear generalization, a topic not 

previously investigated, yet the findings are inconsistent across studies. In study III, there 
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was a main effect of group for both the shock expectancy and fear rating, with the OCD 

group reporting higher ratings compared to the control group, regardless of stimulus. 

Descriptively, however, for shock expectancy, participants reported higher ratings for all 

GS as well as the CS-, while the CS+ did not seem to differ from the other groups. This 

overall higher rating, but especially towards the GS and CS-, indicates fear 

overgeneralization towards safe stimuli in OCD. At the same time, the fear ratings were 

descriptively higher for all stimuli, indicating overall higher negative affect, which was 

also reported for the acquisition and extinction phase. However, there were no group 

differences in LPP activity and the nonsignificant group differences in study II need to be 

taken into account. It is argued that paradigms including fear generalization are 

advantageous over differential fear acquisition and extinction paradigms (Cooper et al., 

2022), holding promise for innovative translational research. Especially as oneôs external 

and internal environments are constantly changing, no learning experience is ever truly 

identical to another. Thus, learning cannot be fully understood without also understanding 

its generalization (Zaman et al., 2021). In a similar manner as during fear acquisition, fear 

overgeneralization in individuals with anxiety- and stress-related disorders could be 

explained by cognitive biases, the ñbetter safe than sorryò processing strategy, and the 

generalized unsafety theory of stress (Brosschot et al., 2018; Van Den Bergh et al., 2021). 

More specifically, Lissek et al. (2014) argue that ñwhat ifò speculations cause 

overgeneralization in individuals with anxiety- and stress-related disorders, leading to an 

overestimation of perceived threat. Again, this stimulus-unspecific heightened 

responding aligns well with the core symptoms of anxiety- and stress-related disorders, 

including generally elevated fear and anxiety as well as anticipation of threat (Clark & 

Watson, 1991). In the context of fear overgeneralization specifically, this further indicates 

that individuals with anxiety- and stress-related disorders perceive everything as 

potentially dangerous, which might lead to generalized avoidance and safety behavior 

and symptom maintenance. 

Of note, there are numerous indices to quantify fear generalization that have been 

investigated in past research (Stegmann et al., 2025). In the present dissertation, fear 

generalization was quantified as the mean response levels and the GI. However, the 

chosen method to quantify generalization processes might influence the outcome and 

should be considered carefully (Stegmann et al., 2025). Further, more research is needed 

to understand the underlying mechanisms of fear overgeneralization, meaning that it is 
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unclear whether it is driven by reduced perceptual discriminability or an actual threat 

generalization, the latter possibly indicating impaired safety learning (Fraunfelter et al., 

2022). As the findings of study III indicate a general pattern of increased responses, even 

to stimuli closer to the CS-, reduced perceptual discriminability as an explanation is 

unlikely. Additionally, as overgeneralization in some disorders is evident only for 

disorder-relevant stimulus cues, future studies should focus on different forms of stimuli 

to better understand their role in anxiety-related psychopathology (Fraunfelter et al., 

2022). The inconsistencies across studies II and III highlight the need for future research 

examining fear generalization processes in SAD, SP, and OCD. 

4.1.4 Return of Fear 

Lastly, study III also investigated RoF following a reinstatement in participants 

with OCD. Across all groups and outcome measures, a RoF response was visible, 

indicated by overall higher ratings compared to extinction and a recurring differentiation 

between the CS+ and CS- in the LPP activity. Of note, descriptively, this differentiation 

in the LPP activity was driven by the OCD group that was the only group that should a 

significant differentiation between the CS+ and CS- in post hoc comparisons. However, 

as the interaction effect was not significant, this cannot be interpreted. Yet, it might 

complement the observation discussed above that the inhibitory memory traces are not as 

strong in OCD, leading to greater impairments in the retrieval of the extinction memory. 

Whereas for the rating of the first CS exposure after the reinstatement (i.e., ROF 1) no 

group differences emerged, a main effect of group for both ratings of the last CS exposure 

after the reinstatement (i.e., RoF 2) was found. Descriptively, the OCD and ACEs groups 

showed the highest shock expectancy and fear ratings. However, statistical significance 

was observed only for the OCD group compared to the control group in the fear ratings. 

This might indicate that although initial responses following reinstatement do not appear 

to differ, individuals with OCD may require more time to regulate their fear or to return 

to a sense of safety.  As outlined above, some studies have investigated extinction recall, 

whereas RoF has not yet been investigated in OCD. However, RoF manipulations and the 

underlying learning and memory principles have been considered an important model of 

clinical relapse (Briscione et al., 2014; Klingelhöfer-Jens et al., 2022; Scharfenort et al., 

2016; Vervliet et al., 2013) and can help to understand potentially relevant processes of 

memory consolidation in anxiety-related psychopathology. In fact, memory strength is 
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shaped not only by the robustness of initial learning but also by the subsequent 

consolidation of that memory (Lonsdorf et al., 2019), which can be tested using RoF 

manipulations. Thus, future research is needed, investigating these processes to try to 

understand why individuals with anxiety- and stress-related disorders have a hard time 

learning that the environment is not as dangerous as expected and why relapse after 

exposure-based CBT is common (Hofmann & Smits, 2008; Loerinc et al., 2015; 

McGregor et al., 2025).  

4.1.5 Summary of Diagnosis-Based Evidence 

One aim of the present dissertation was to investigate and extend diagnosis-based 

empirical evidence on fear and safety learning processes across anxiety- and stress-related 

disorders. Overall, the presented findings indicate altered fear and safety learning 

processes in anxiety- and stress-related disorders compared to unaffected controls (see 

Table 21). However, there are also inconsistencies across studies, disorders, phases, and 

outcome measures, highlighting the complexity of the underlying mechanisms as well as 

the heterogeneity within fear conditioning research. The conducted meta-analyses in 

study I confirm previous meta-analytic evidence and provide novel insights regarding 

outcome-specific findings as well as findings on extinction recall. Several methodological 

explanations may account for the absence of overall group differences in study II. First, 

the applied fear conditioning task may not have induced enough uncertainty, resulting in 

limited variability and, thus, reduced sensitivity to detect between-group effects. 

Relatedly, the stimuli used (i.e., colored circles) might not have been sufficiently relevant 

or salient to elicit differential responses across groups. It is also possible that group effects 

would have emerged more strongly in affective ratings, during extinction recall or 

delayed extinction phases that were not assessed in study II . However, as group 

differences for OCD are reported in study III, in which a similar paradigm was used, these 

methodological explanations are challenged. Yet, the paradigm in study III was slightly 

adapted. For example, more stimuli presentations during fear acquisition and extinction, 

as well as affect ratings were added. Due to the publication bias in psychological research, 

the true magnitude of the effects found in study I might be smaller than reported and given 

the inclusion of three clinical groups in study II, the available sample size may have 

provided insufficient statistical power to detect such subtle differences (see Appendix B-

12 and Appendix C-14 for post hoc sensitivity analyses). This interpretation is further 



General Discussion 

137 
 

supported by the fact that study I examined anxiety- and stress-related disorders as a 

broader, transdiagnostic construct. Much of the existing literature on fear conditioning in 

anxiety- and stress-related disorders has focused on PTSD and PD, disorders that were 

not assessed in studies II and III. Consequently, the effects observed in study I may have 

been driven by these specific disorders, highlighting the need for more targeted research 

on GAD, SAD, SP, and OCD. Moreover, although OCD was included in both studies II 

and III, altered fear and safety learning on OCD may be specific to certain OCD subtypes 

or symptom dimensions, which could have differed between the two samples (Cano et 

al., 2021). Disorder-specific differences may further contribute to inconsistencies across 

studies. For example, subgroup analyses in study I indicated stronger alterations during 

acquisition in anxiety disorders and OCD, whereas PTSD tends to show more pronounced 

deficits during extinction. This pattern suggests the presence of both shared and distinct 

mechanisms across anxiety- and stress-related disorders (Acheson et al., 2015; Radua et 

al., 2010). Altogether, these findings underscore the need for more research to establish 

the robustness and specificity of altered fear and safety learning mechanisms. 

Importantly, future work should prioritize integrative synthesis across studies, as 

heterogeneity in methodological approaches, participant characteristics, and symptom 

presentations poses a major challenge to drawing definitive conclusions, especially when 

aiming to characterize the nuanced and potentially dimensional profiles of anxiety- and 

stress-related disorders. 

4.2 Symptom-Specific Dimensional Perspective in Anxiety- and Stress-Related 

Disorders  

Following dimensional frameworks like HiTOP (Kotov et al., 2017) and RDoC 

(Insel et al., 2010), another aim of this dissertation was to investigate the influences of 

symptom-specific dimensions, including anxious arousal, anxious apprehension, and 

obsessive-compulsive symptoms on fear and safety learning processes. This dimensional 

approach complemented ï and was compared to ï the categorical diagnosis-based 

comparison that is outlined above to address the challenges of heterogeneity, artificial 

dichotomization, comorbidity, and reliability that the categorical system is facing (Cooper 

et al., 2024; Forbes et al., 2024; Kessler et al., 2005). Importantly, this subchapter focuses 

specifically on anxiety- and stress-related symptom dimensions, whereas comorbid 

depressive symptoms are discussed in subchapter 4.3, The Role of Comorbid Depression. 
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Despite not being the main focus of study I, trait and state anxiety were included 

as moderators if k Ó 10 studies were available for analyses, which was the case for trait 

anxiety in the acquisition phase for US expectancy ratings, affect ratings, and SCR. Study 

II included participants with the primary diagnosis of OCD, SAD, and SP. Anxious 

arousal and anxious apprehension were selected as symptom-specific dimensions because 

recent research has characterized anxiety disorders and OCD on these two latent 

dimensions (Clark & Watson, 1991; Cox et al., 2010; Krueger, 1999; Sharp et al., 2015). 

Further, as study III had a specific focus on OCD, obsessive-compulsive symptoms were 

selected as the symptom-specific dimensional variable. For an overview of the symptom-

specific dimensional effects across all studies, see Table 22. 

 Study I Study II Study III 

 Exp Affect FPS SCR Exp FPS LPP Exp Fear LPP 

Acquisition           

CS+   -  MASQ MASQ   OCI  

CS-   - STAI    OCI OCI  

Generalization           

CS+ - - - -    OCI OCI  

GS+ - - - - MASQ   OCI OCI  

GSU - - - -    OCI   

GS- - - - -    OCI   

CS- - - - -    OCI   

Extinction           

CS+ - - - -    OCI   

CS- - - - -    OCI   

Extinction 

Recall 

          

CS+ - - - - - - - - - - 

CS- - - - - - - - - - - 

Return of Fear           

CS+ - - - - - - - OCI OCI  

CS- - - - - - - - OCI OCI  

Table 22. Overview of the symptom-specific dimensional effects. Exp = US expectancy rating; Affect = 

Affect rating; FPS = Fear-potentiated startle; SCR = Skin conductance response; LPP = Late positive 

potential; Fear = Fear rating; STAI = Trait anxiety measured with the State-Trait-Anxiety Inventory (Trait 

Subscale); Anxious arousal measured with the respective subscale of the Mood and Anxiety Symptom 

Questionnaire; OCI = Obsessive-compulsive symptoms measured with the Obsessive-Compulsive 

Inventory-Revised. Gray cells indicate no significant association. Orange cells indicate positive 

associations, i.e., higher symptoms were significantly associated with higher responses. Dashes denote 

phases that were not assessed in the respective study. A significance level of Ŭ = .05 was defined for all 

analyses. 

 

To date, most research on dimensional influences in fear conditioning has focused 

on more general dimensions such as trait anxiety, neuroticism, or intolerance of 

uncertainty (e.g., Morriss et al., 2016; Sep et al., 2019; Wong & Lovibond, 2020). Despite 

not being the main focus of study I, results indicated that trait anxiety affected responses 

for ȹCS in SCR. Specifically, less differentiation was associated with increased trait 
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anxiety. Furthermore, this effect was descriptively driven by larger responses to the CS- 

in participants with anxiety- and stress-related disorders. In studies II and III, it was 

decided to examine more symptom-specific dimensions, i.e., anxious apprehension and 

anxious arousal for study II as well as obsessive-compulsive symptoms for study III. Of 

note, backward model selection was used in studies II and III to identify the simplest 

model that still captures the essential structure in the data best. 

4.2.1 Anxious Arousal 

In the majority of reduced models in study II, the categorical factor group and the 

dimensional factor anxious apprehension were not included, indicating that these factors 

did not contribute explanatory power. In contrast, during the acquisition phase, anxious 

arousal was associated with higher responses towards the CS+, which is in line with some 

previous findings on trait anxiety (e.g., Flasinski et al., 2025; Lenaert et al., 2014), 

although for fear acquisition previous research is rather inconsistent (Wroblewski et al., 

2022). Additionally, heightened anxious arousal was associated with higher responses 

towards the GS+ during fear generalization, which aligns with previous findings on trait 

anxiety (Cooper et al., 2022; Sep et al., 2019). However, comparability with previous 

research is constrained as broader anxiety dimensions like trait anxiety or intolerance of 

uncertainty have been investigated. Heightened anxious arousal is a well-established 

feature and central component of anxiety- and stress-related disorders (Craske et al., 

2009). Moreover, it represents a core symptom in PTSD (Yang et al., 2017). To date, a 

majority of research on fear conditioning in anxiety- and stress-related disorders has 

focused on PTSD, reporting alterations in underlying fear and safety learning processes 

(Armstrong et al., 2021; Duits et al., 2015; Steiger et al., 2015). The present findings 

suggest that hyperarousal may be a central mechanism driving the reported effects. 

Hyperarousal and a heightened state of readiness to detect and respond to potential threats 

may facilitate stronger associations with and stronger responses towards the CS+. Thus, 

heightened arousal might amplify threat perception and promote the generalization of fear 

responses, thereby strengthening learned associations and contributing to maladaptive 

fear and safety learning, not only in PTSD, but across disorders characterized by higher 

arousal responses. While in study I altered fear and safety learning in anxiety- and stress-

related disorders in US expectancy rating and FPS as well as an association between trait 

anxiety and heightened SCR responses was reported for the CS-, anxious arousal in study 
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II was associated with responses to threat-relevant stimuli, which appears contradictory. 

Future research is needed to disentangle possible influences of anxious arousal and 

whether it is a driving factor in altered fear and safety learning in anxiety-related 

psychopathology. 

Furthermore, regarding extinction learning, no influences of anxious arousal or 

anxious apprehension on responses during fear extinction were reported, which 

contradicts previous research that more consistently reported influences of trait anxiety 

on impaired extinction learning (e.g., Dibbets et al., 2015; Morriss et al., 2016, p. 201, 

2021; Wong & Lovibond, 2020). However, as stated above, comparability with previous 

studies is limited. Prior research has primarily focused on broad symptom dimensions and 

subclinical samples, while relatively few  studies have been conducted in clinical 

samples with one or more anxiety- and stress-related disorders. 

4.2.2 Obsessive-Compulsive Symptoms 

In study III, higher obsessive-compulsive symptoms were associated with 

increasing shock expectancy ratings for the CS- as well as increasing fear ratings 

regardless of stimulus during the acquisition phase, following the previously reported 

pattern of altered fear acquisition in trait anxiety (e.g., Flasinski et al., 2025; Lenaert et 

al., 2014). At the same time, for fear generalization, an association between higher 

obsessive-compulsive symptoms and overall increasing shock expectancy ratings was 

observed, whereas for fear ratings this association was only significant for the CS+ and 

GS+. Previous research reported no associations between obsessive-compulsive 

symptoms and overgeneralization, which the findings of study III contradict (Kaczkurkin 

& Lissek, 2013). Obsessive-compulsive symptoms are characterized by an 

overestimation of threat and intense affective responses when confronted with threatening 

situations (American Psychiatric Association, 2013). This threat overestimation has been 

linked to the tendency of obsessive-compulsive symptoms to spread to similar but safe 

situations (Kaczkurkin & Lissek, 2013). The present findings of study III align well with 

these symptom characteristics: individuals high in obsessive-compulsive symptoms show 

elevated shock expectancy for all stimuli, reflecting a global cognitive bias that any 

stimulus could potentially signal danger, while increased fear ratings were specific to the 

CS+ and GS+, indicating a more targeted affective response to stimuli that represent 

threat or closely resemble it. The absence of fear overgeneralization in the LPP further 
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suggests that obsessive-compulsive symptoms may be driven more strongly by cognitive 

threat expectations rather than by heightened emotional reactivity. However, future 

research is needed to determine whether these differences between cognitive beliefs and 

affective responses are stable and reproducible. 

Additionally, an association between higher obsessive-compulsive symptoms 

with higher shock expectancy and fear ratings during extinction and RoF was observed. 

This association was stimulus-unspecific during extinction and RoF 1. At the same time, 

for RoF 2, there was a three-way interaction: Higher obsessive-compulsive symptoms 

were only associated with higher shock expectancy ratings in the control group. One 

potential explanation is that clinical samples may show ceiling effects or reduced 

variability in symptom expression, limiting the observable influence of dimensional 

differences. However, further research is needed to examine this possibility. This is 

particularly noteworthy because, unlike study II, study III included only one group with 

the primary diagnosis of an anxiety- and stress-related disorder, rather than three, and 

during RoF, the positive association was significant only in the control group. In contrast, 

for fear ratings, the association with obsessive-compulsive symptoms did not persist into 

extinction or RoF 2. Rather, variance in extinction was better explained by categorical 

group differences. This pattern indicates that dimensional influences were most evident 

during phases in which an actual threat was present (acquisition, generalization, and RoF 

1), while during phases in which the threat had been removed (extinction and RoF 2), 

diagnostic groups explained increased fear ratings better than symptom severity. 

Speculatively, extinction learning and RoF processes might be shaped more strongly by 

clinical features that manifest within a clinical diagnosis, for instance, chronic avoidance, 

inhibitory learning impairments, or other mechanisms that contribute to the maintenance 

of OCD. Consequently, diagnosis-based comparisons might explain more variance in 

these phases than obsessive-compulsive symptoms across all participants. Future research 

is needed to disentangle categorical and dimensional predictors and how they interact or 

diverge across different conditioning phases and outcome measures. 

4.2.3 Summary of Symptom-Specific Dimensional Evidence  

Another aim of the present dissertation was to investigate to what extent symptom-

specific dimensions, including anxious arousal, anxious apprehension, and obsessive-

compulsive symptoms, are associated with altered fear and safety learning processes and 
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whether they provide transdiagnostic insights into the underlying mechanisms. Taken 

together, there was some evidence of higher symptom-specific dimensions being 

associated with higher shock expectancy ratings, fear ratings, and FPS response (see 

Table 22). In study II, anxious apprehension was never included in the reduced models, 

suggesting that it did not significantly influence fear and safety learning processes. In 

contrast, significant effects of anxious arousal were stimulus-specific and more 

pronounced in threat-related stimuli (i.e., for the CS+ during acquisition and GS+ during 

generalization). At the same time, in study III, increased obsessive-compulsive symptoms 

were associated with higher shock expectancy ratings for the CS- during acquisition, the 

CS+ during RoF 2, and stimulus-unspecific during all other phases. Additionally, the 

association with increased fear ratings was stimulus-unspecific for fear acquisition and 

stimulus-specific for the CS+ and GS+ during fear generalization. Of note, neither in 

study II nor in study III were symptom-specific dimensional influences observed on LPP 

activity, which aligns with the categorical group comparisons, suggesting no significant 

group differences in neural attentional processes and allocations of attentional resources. 

Symptom-specific dimensional effects for all phases implemented were reported. 

However, mirroring the same pattern as for the diagnosis-based categorical comparisons, 

there were inconsistencies across studies. 

The present analyses raise questions about the extent to which reported group 

differences and accompanying alterations in fear and safety learning processes are truly 

diagnosis-based. Instead, it suggests that underlying mechanisms influencing fear and 

safety learning may operate transdiagnostically (De Houwer, 2020). However, it needs to 

be taken into account that higher symptom burden was most prominent in the clinical 

groups, especially the SAD and OCD groups. The dimensional influences are possibly 

not limited to anxiety- and stress-related disorders (Lonsdorf & Richter, 2017), 

potentially better capturing the complexity within mental disorders, including functional 

impairment, the influence of comorbid conditions, or the heterogeneity that exists within 

diagnostic categories. 

Future studies should aim to further clarify how anxious personality traits, i.e., 

symptom-specific dimensions in anxiety- and stress-related disorders, contribute to the 

development of these disorders, given that altered fear and safety learning processes are 

associated with dimensions like trait anxiety even in subclinical samples (Sep et al., 2019; 

Wong & Beckers, 2021). Longitudinal studies are needed that track these processes over 
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time to identify predictive risk markers (Marin et al., 2020; Sep et al., 2019). Moreover, 

given the considerable heterogeneity in fear and safety learning processes in both healthy 

individuals and those with anxiety-related psychopathology, future research should focus 

on integrating data-driven approaches in clinical and subclinical samples to identify 

subgroups that differ in symptom-specific dimensions and to detect individuals at 

elevated risk for anxiety-related psychopathology (Fyer et al., 2020). 

4.3 The Role of Comorbid Depression 

Given the high comorbidity rates of depressive disorders in anxiety- and stress-

related disorders (Kessler et al., 2005, 2012; Rosenberg et al., 2024b; Saha et al., 2021) 

and previously reported associations between depression and altered fear conditioning 

processes (Kuhn et al., 2014; Nissen et al., 2010; Wurst et al., 2021), another aim was to 

identify the role of comorbid depression (dimensionally and categorically) within fear 

and safety learning processes in anxiety-related psychopathology. See Table 23 for an 

overview of results across studies. 

 Study I Study II Study III 

 Exp Affect FPS SCR Exp FPS LPP Exp Fear LPP 

Acquisition           

CS+   - -       

CS-   - -       

Generalization           

CS+ - - - -     BDI  

GS+ - - - -       

GSU - - - -       

GS- - - - -       

CS- - - - -       

Extinction           

CS+ -  - - BDI/D  D    

CS- -  - - BDI/D  D    

Extinction 

Recall 

          

CS+ - - - - - - - - - - 

CS- - - - - - - - - - - 

Return of Fear           

CS+ - - - - - - -  BDI  

CS- - - - - - - -    

Table 23. Overview of the diagnosis-based and dimensional effects of depression on altered fear and safety 

learning in anxiety-related psychopathology. Exp = US expectancy rating; Affect = Affect rating; FPS = 

Fear-potentiated startle; SCR = Skin conductance response; LPP = Late positive potential; Fear = Fear 

rating; BDI = Depressive symptoms measured with the Beck Depression Inventory-II; D = Comorbid 

depressive disorder (i.e., current major depressive disorder or dysthymia) in individuals with an anxiety- or 

stress-related disorder. Gray cells indicate nonsignificant group differences or nonsignificant dimensional 

influences. Orange cells indicate significantly higher responses in the group/dimension listed in the 

corresponding cell, whereas blue cells indicate significantly lower responses in that group/dimension. 

Purple indicates a three-way interaction, where some participants reported increased responses, whereas 

others reported decreased or nonsignificant responses. Dashes denote phases that were not assessed in the 

respective study. A significance level of Ŭ = .05 was defined for all analyses. 
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In study I, depressive symptoms were investigated as a moderator for the US 

expectancy and affect ratings during the acquisition phase and for affect ratings during 

extinction. For these analyses, no significant influences of depressive symptoms were 

reported. 

Study II found several effects of comorbid depression in anxiety- and stress-

related disorders on fear and safety learning processes. First, there was a main effect of 

depressive symptoms on shock expectancy ratings during the extinction phase. Higher 

depressive symptoms were significantly associated with higher shock expectancy ratings 

for both the CS+ and CS-. Additionally, based on this finding, the sample was split up 

into different groups: Individuals with a current anxiety- or stress-related disorder and a 

diagnosis of a current comorbid depressive disorder, individuals with a current anxiety- 

or stress-related disorder without a current comorbid depressive disorder, and individuals 

without any of these diagnoses. Again, there were significant influences of comorbid 

depression during the extinction phase. For shock expectancy ratings, individuals with a 

current comorbid depressive disorder reported higher shock expectancy regardless of 

stimulus compared to both other groups. Additionally, there was an effect in LPP activity, 

only the group with a current comorbid depression differentiated significantly between 

the CS+ and CS-, whereas there was no significant differentiation in the other two groups. 

Taken together, dimensional as well as categorical comparisons suggest that comorbid 

depression impairs extinction learning in self-report measures as well as on a neural level. 

Study III followed the same approach as study II when analyzing the potential role 

of comorbid depression in fear and safety learning processes. Dimensionally, there were 

influences of depressive symptoms on fear ratings. Specifically, for fear ratings, there 

were three-way interactions for the generalization and RoF 2 ratings. For generalization, 

higher depressive symptoms were associated with higher fear ratings of the CS+ in the 

relatives group, whereas they were associated with lower fear ratings in the ACEs group. 

Additionally, higher depressive symptoms in the control group were associated with 

higher fear ratings for the last CS+ exposure after the reinstatement (i.e., RoF 2). When 

comparing individuals with a current anxiety- or stress-related disorder and a current 

comorbid depressive disorder, to individuals without a current comorbid disorder, and 

individuals without such diagnoses, there were significant group effects for fear ratings. 

More precisely, both clinical groups, regardless of whether they had comorbid depression, 

reported higher fear ratings for all stimuli during fear generalization and extinction. For 



General Discussion 

145 
 

fear acquisition, only the group with a current anxiety- or stress-related disorder without 

a current comorbid depression reported higher fear ratings, regardless of stimulus, 

whereas there were no significant group effects for the RoF ratings. This pattern suggests 

that elevated fear ratings were primarily driven by anxiety- and stress-related disorders, 

and the presence of comorbid depression did not further amplify these effects. 

Although there were differences in the way depressive disorders and symptoms 

influenced fear and safety learning across studies II and III, it is noteworthy that there 

were alterations in both of them. Depressive disorders and symptoms were consistently 

associated with altered fear and safety learning processes, especially during extinction 

and RoF phases, indicating that depression might impair safety learning and uncertainty 

processing rather than the acquisition process, which is in line with previous research 

(e.g., Bylsma et al., 2008). Furthermore, the impaired extinction learning found in study 

II may reflect processes related to learned helplessness (Maier & Seligman, 1976) or 

impaired reward processing (Kalisch et al., 2024).  

Learned helplessness has long been associated with the development and 

maintenance of clinical depression (e.g., Seligman, 1972; Smith et al., 1990). When 

individuals experience uncontrollable or aversive events, they may begin to attribute these 

to stable and global causes, perceiving them as permanent and unchangeable (Abramson 

et al., 1978; Seligman, 1972; Trindade et al., 2020). In the context of the present findings, 

this cognitive attribution style might have contributed to greater learned helplessness, 

fostering the expectation that the aversive situation would not improve, and in turn, lead 

to impaired extinction learning in individuals with depression.  

At the same time, dopamine plays a central role in reward processing, with 

discrepancies between expected and actual rewards serving as teaching signals for 

reinforcement learning (Bayer & Glimcher, 2005; Eshel et al., 2016). More specifically, 

situations or outcomes that are better than expected reliably increase dopaminergic firing 

(Bayer & Glimcher, 2005; Roesch et al., 2007). Animal research has demonstrated that 

the same dopaminergic systems are engaged in reward processing and fear extinction, 

suggesting that extinction may function as a type of reward signal, reflecting a better-

than-expected outcome in the omission of the anticipated threat (i.e., the omission of the 

shock) (Salinas-Hernández et al., 2018). Given that reward processing is known to be 

impaired in depression, especially in anhedonia-like symptoms (e.g., Admon & 

Pizzagalli, 2015; Oltean et al., 2023), this framework aligns well with the present 
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findings, suggesting that deficits in fear extinction and safety learning in individuals with 

comorbid depressive disorders and elevated depressive symptoms stem from reduced 

reward anticipation and reduced sensitivity to rewarding feedback (Ruge et al., 2024). In 

contrast, in study III, the role of depressive symptoms and disorders seemed to be less 

consistent. While depressive symptoms across groups were associated with fear ratings 

in RoF processes, a diagnosed depressive disorder did not seem to additionally worsen 

maladaptive fear and safety learning processes.  

The findings regarding impaired extinction and increased RoF align well and 

support the idea of depression influencing extinction learning processes. However, the 

categorical comparisons of the exploratory analyses need to be interpreted with caution, 

as group sizes differ and samples were not recruited to be powered for this specific 

comparison. An overall blunting of the LPP was not found in either study, which might 

be considered unexpected, as previous research reports reduced LPP amplitudes in 

depression for both positive and negative stimuli (e.g., Hajcak & Foti, 2020; Weinberg et 

al., 2016). Yet, these previous studies have not used fear conditioning paradigms, which 

might explain the deviating results. Additionally, given the inconsistencies across studies 

II and III in regards to LPP activity and comorbid depression, future research should 

address the interplay between anxiety- and stress-related disorders with and without 

comorbid depression and fear conditioning processes, and how these are reflected in the 

LPP. 

Taken together, findings across studies II and III suggest a link between 

depression and changes in fear and safety learning processes, which aligns with previous 

research (e.g., Luo et al., 2024; Otto et al., 2014; Wurst et al., 2021). These alterations 

were consistently reported for fear extinction learning and RoF, indicating increased 

expectations of threat even when danger is no longer present. This impaired inhibitory 

safety learning was most prominent in subjective ratings of shock expectancy and affect, 

indicating greater attentional bias towards threatening cues with increased depressive 

symptoms, exacerbating anxiety and fear responses (Hallion & Ruscio, 2011). 

Additionally, findings were expanded to altered processes during RoF, suggesting that 

not only is it a challenge for individuals with comorbid depression to achieve fear 

reduction, but additionally, to maintain it over time, which has been a focus in depression 

research (Pittig et al., 2018; Vervliet et al., 2013). Thus, considering the interaction 

between depression and anxiety- and stress-related disorders may be essential, when 
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evaluating fear and safety learning processes within fear conditioning research as well as 

beyond in therapeutic interventions. For instance, the presence of depressive symptoms 

may signal that exposure-based treatments need to be longer or more intensive to achieve 

optimal effects, highlighting the importance of individualized treatment planning. 

Furthermore, incorporating specific interventions, such as integrating mood-regulating 

strategies or cognitive techniques, to address depressive symptoms, cognitive biases, or 

distortions, could potentially yield better outcomes for individuals with anxiety-related 

psychopathology and comorbid depression (further clinical implications are discussed in 

subchapter 4.7, Clinical Implications and Future Directions) (Rosenberg et al., 2024b). 

4.4 Altered Fear and Safety Learning Processes as Risk Markers for Anxiety-

Related Psychopathology 

Evaluating the utility of altered fear and safety learning processes as a risk marker 

for anxiety-related psychopathology was another aim of the present dissertation. Study 

III included two populations with an explicitly elevated risk for developing anxiety-

related psychopathology. More specifically, first-degree relatives of individuals with 

OCD and participants with a history of ACEs were included. These groups allowed the 

exploration of whether alterations in fear and safety learning processes are already present 

in individuals who have not (yet) developed any psychopathology but carry a heightened 

vulnerability. 

Assuming that alterations in fear and safety learning are indeed risk or 

vulnerability makers, it was expected to find similar alterations in fear and safety learning. 

More specifically, the relatives and ACEs groups were expected to show intermediate 

responses between participants with OCD and unaffected controls. For the relatives 

group, there were no indications for such an intermediate response. In fact, the response 

pattern across shock expectancy ratings, fear ratings, and LPP activity in relatives was 

comparably similar to those of the control group, indicating no significant alterations in 

participants at genetic risk for OCD. While the comparison of the ACEs group to the other 

groups was not significantly different either, descriptively, there were intermediate 

responses found most strongly observable in fear acquisition, generalization, and 

extinction. For shock expectancy, these intermediate ratings were particularly evident for 

the CS-, whereas in fear ratings they appeared largely independent of stimulus cue. 

Considering that the ACEs group did not differ significantly from either the OCD, 
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relatives, or the control group, whereas the OCD group did show multiple significant 

differences compared to the relatives and control groups, it is possible that the 

intermediate levels observed in the ACEs group obscured potential effects. However, this 

finding of rather increased responses in subjective ratings is at odds with the recently 

conducted review by Ruge et al. (2024), who reported reduced discrimination deriving 

from a blunted response to the CS+. 

There are multiple explanations for the present findings. Regarding the fear and 

safety learning pattern in first-degree relatives, the findings do not offer evidence for 

altered fear and safety learning functioning as a vulnerability marker or endophenotype 

for OCD that can be seen in at-risk individuals (Gottesman & Gould, 2003; Miller & 

Rockstroh, 2013). More specifically, it suggests that altered fear and safety learning 

emerges in the course of a manifest disorder, rather than preceding it. Noteworthy, 

although there is evidence that fear acquisition and extinction mechanisms are heritable 

(Craske et al., 2008; Hettema et al., 2003), this has not been linked to populations at 

genetic risk for anxiety-related psychopathology and the present study is the first to 

investigate first-degree relatives in this context. Consequently, no final conclusions can 

be drawn. Rather, the present null findings should be viewed as first indications and future 

research is needed. Additionally, other anxiety- and stress-related disorders than OCD 

should be examined to determine whether genetically risk-related differences emerge in 

other disorders. Additionally, the relatives, ACEs, and control group were allowed to have 

mental disorders other than OCD, schizophrenia spectrum disorder, or a current manic 

phase of a bipolar disorder, which increases ecological validity but reduces the 

distinctiveness of group boundaries and potentially influences fear and safety learning 

processes. 

Regarding the ACEs group, prior work has primarily reported blunted responses 

in psychophysiological responses and subjective rating of arousal (Ruge et al., 2024), 

which could not be replicated in study III. However, other outcome measures might reveal 

alterations not captured in the present study. Of note, the EEG sample size in the ACEs 

group was relatively small due to dropouts, which likely limited statistical power to detect 

potential neural differences. As a result, the absence of effects in the LPP should be 

interpreted with caution. Additionally, comparison between groups is reduced in 

distinctiveness as participants within the OCD and relatives group were also allowed to 

have a history of ACEs. Another limitation is the assessment of ACEs relying solely on 
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the sum scores of the subscales of the CTQ, as the CTQ does not reliably capture the 

timing, duration, or multiplicity of ACEs. This is of importance as different types of ACEs 

may have distinct effects on fear and safety learning. For instance, experiences of abuse 

may influence these mechanisms differently compared to neglect, a single traumatic event 

differently compared to enduring ACEs for years (Letkiewicz et al., 2023). 

Taken together, no significant differences in individuals at elevated risk for 

anxiety-related psychopathology compared to unaffected controls or individuals with the 

primary diagnosis of OCD were observed. While the relatives group showed a pattern 

almost identical to the control group, descriptively, intermediate ratings of shock 

expectancy and fear throughout fear acquisition, generalization, and extinction in the 

ACEs group were detected. The findings indicate no altered fear and safety learning in 

individuals at elevated risk and contradict the assumption of these processes being a risk 

marker for the development of (anxiety-related) psychopathology. However, it needs to 

be taken into account that these findings are cross-sectional comparisons. In fact, this 

constrains conclusions about causality and predictive validity. Longitudinal research is 

needed to determine whether individuals at elevated risk who eventually develop a mental 

disorder differ before the onset from those who remain resilient. Noteworthy, we have 

already begun collecting longitudinal data in the sample of study III and hope that these 

efforts will help address this research gap. However, such analyses were not yet possible 

within the scope of the present dissertation. 

4.5 Different Outcome Measures, Different Insights? 

After having outlined diagnosis-based group comparisons, symptom-specific 

dimensions, the role of comorbid depression, as well as fear and safety learning processes 

as a potential risk marker for anxiety-related psychopathology, an important 

methodological consideration is how different outcome measures shape our 

understanding of fear and safety learning. In order to obtain a more comprehensive 

understanding of the multifaceted nature of fear and safety learning processes, the present 

dissertation had the additional aim to specify effects across self-report, 

psychophysiological, and neural outcome measures (see Table 24 for an overview of 

outcome-specific task effects of studies II and III). 

Throughout the cross-sectional studies included in the present dissertation, 

various outcome measures were included and compared within the analytical approaches. 
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For study II, shock expectancy ratings, FPS response, and LPP activity were analyzed, 

while for study III, shock expectancy ratings, fear ratings, and LPP activity were the main 

focus. As the examination of the LPP as an outcome measure for fear conditioning 

processes has been relatively uncommon, LPP findings specifically will be discussed in 

greater depth. Subsequently, a more comprehensive overview of all outcome measures 

and how their response patterns converge and diverge is provided. 

 Study II Study III 

 Exp FPS LPP Exp Fear LPP 

Acquisition       

CS+ > CS- ṉ ṉ ṉ ṉ ṉ ṉ 

Generalization       
CS+ > CS- ṉ ṉ ṉ ṉ ṉ ṉ 

GS+ > CS- ṉ ṉ ṉ ṉ ṉ ṉ 

GSU > CS- ṍ ṍ ṍ ṉ ṍ ṍ 

GS- > CS- ṍ ṍ ṍ ṍ ṍ ṍ 

Extinction       

CS+ = CS- ṍ ṍ ṍ ṍ ṍ ṉ 

Return of Fear       

CS+ > CS- - - - ṉ ṉ ṉ 

Table 24. Overview of the task effects for all outcome measures in studies II and III. Exp = US expectancy 

rating; FPS = Fear-potentiated startle; LPP = Late positive potential; Fear = Fear rating. A ṉ indicates that 

the proof of concept for the respective outcome measure and phase was successful; an ṍ indicates that it 

was not. Dashes denote phases that were not assessed in the respective study. A significance level of  

Ŭ = .05 was defined for all analyses. 

 

4.5.1 The Late Positive Potential as an Index of Fear and Safety Learning 

Across fear acquisition, the present findings are in line with previous research 

showing a more positive LPP for threat-associated stimulus cues (i.e., CS+) compared to 

safety cues (i.e., CS-) (e.g., Bacigalupo & Luck, 2017; Dou et al., 2023; Paiva et al., 2020; 

Seligowski et al., 2018). This pattern strengthens and extends that fear learning is 

accompanied by enhanced attentional allocation and increased emotional processing, as 

reflected in the LPP. 

Importantly, studies II and III provide some of the first evidence on fear 

generalization using the LPP. Fear responses to the CS+ were continuously increased and 

further generalized to the GS+, which is in line with Klein et al. (2024), who report similar 

generalization effects in youth. Thus, the present data demonstrate a gradual increase in 

LPP amplitude with increasing proximity to the CS+, implying a graded attentional 

engagement on a neural level. This may serve as the basis for more efficient reactions to 
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threat-associated stimuli, providing more attentional resources. Yet, more research 

focusing on fear generalization processes utilizing the LPP is needed to deepen our 

understanding. 

Regarding extinction learning, results were less consistent across studies. Yet, 

both studies demonstrated decreased threat-related neural responding in the LPP from 

fear generalization to extinction. However, in study III, the LPP activity to the CS+ 

declined only to the level observed during fear acquisition, while at the same time, LPP 

activity to the CS- continued to increase across phases. Ultimately, this led to no 

significant differences between these two stimuli during extinction. Previous research 

reported complete extinction learning visible in the LPP (Bacigalupo & Luck, 2017; 

Ferreira De Sá et al., 2019; Panitz et al., 2015), and although stimulus discrimination was 

not always fully eliminated, the present findings underline extinction-related decreases in 

neural attention toward previously threatening cues. Despite being the outcome measure 

in which the most pronounced extinction learning was observed, the present findings 

underscore the persistence and stability of learned threat associations. As discussed 

above, longer extinction periods may be necessary for successful extinction learning on 

a neural level (An et al., 2017). 

Lastly, study III suggests that LPP activity is sensitive to RoF processes, showing 

a re-emerging differentiation between the CS+ and CS-. Previous research has examined 

LPP activity during delayed extinction and extinction recall, without RoF manipulation. 

While no differential LPP has been found among healthy adults (Panitz et al., 2015; Sperl 

et al., 2021), anxious youth did show an enhanced LPP amplitude to the CS+ compared 

to the CS- (Klein et al., 2024). However, delayed extinction or extinction recall phases 

are similar but not fully comparable to RoF manipulations. More research is needed, 

investigating the LPP during RoF phases. Nevertheless, study III provides initial 

indications that RoF can be successfully manipulated in the LPP. Yet, as discussed above, 

this differentiation was descriptively driven by individuals with OCD. Thus, potential 

distinctions between individuals with and without anxiety- and stress-related disorders 

remain important to consider. 

Taken together, these findings underscore the functional relevance of the LPP as 

an index of attentional and motivational engagement during fear and safety learning. 

Across acquisition, generalization, extinction, and RoF, the LPP proved to be a suitable 

and sensitive measure for tracking neural mechanisms related to fear and safety learning, 
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providing added value beyond self-report and psychophysiological outcome measures. 

Future work should continue exploring the LPP across different conditioning phases, 

especially aiming to disentangle attentional processes during extinction learning and RoF 

manipulations, as well as across populations with anxiety- and stress-related disorders, to 

deepen our understanding. 

4.5.2 Convergence and Divergence across Outcome Measures 

Overall, for both studies, task effects were reported across all applied outcome 

measures. The present findings are mostly in line with previous research, although 

complete fear extinction learning is commonly reported (e.g., Klein et al., 2024; Lissek 

et al., 2008). However, there were some outcome measure-specific differences, for 

example, in the response pattern towards the CS+. While the ratings for the CS+ did not 

differ between fear acquisition and fear generalization, there were differences in FPS and 

LPP data. FPS responses towards the CS+ in study II decreased continuously, suggesting 

potential habituation effects (Jovanovic et al., 2005). On the other hand, LPP activity for 

the CS+ increased significantly between fear acquisition and generalization in both 

studies II and III. This divergence across outcome measures might point to distinct 

underlying processes, possibly influenced by different factors. Subjective ratings might 

capture conscious threat appraisal, which might be learned and stabilized comparatively 

quickly (Boddez et al., 2013). This pattern suggests that the slower, cognitively controlled 

system involved in the conscious evaluation of threat and safety can discriminate between 

the CS+ and CS- early on. However, it appears to require more repeated presentations of 

the CS+ without the US for the inhibitory extinction memory trace to become strong 

enough to compete effectively with the original fear memory. In contrast, the LPP is 

assumed to represent sustained attention to emotionally salient and motivationally 

relevant content (e.g., Cuthbert et al., 2000; Hajcak et al., 2012; MacNamara & Hajcak, 

2010). During fear learning, it might continue to build more slowly or might be more 

influenced by heightened uncertainty, caused by the additional presentation of GS during 

fear generalization. Here, paradigms allowing trial-by-trial or block-wise analyses would 

be particularly valuable for future research, as they could reveal temporal dynamics and 

different trajectories of these processes more precisely. 

Furthermore, the response towards the CS- also varied across phases between 

outcome measures. For subjective ratings in both studies, lower ratings during fear 
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acquisition and generalization compared to habituation, extinction, and RoF were 

observed. One possible explanation for the inconsistent ratings is that, in phases where 

the US was present, CS/US contingency was highly unambiguous, particularly given the 

high reinforcement rate applied in studies II and III. Thus, participants could clearly 

identify the CS- as safety cue, resulting in lower ratings. In contrast, during extinction 

and RoF, the US was no longer present, possibly introducing uncertainty which could 

contribute to slightly elevated CS- ratings, although they remained significantly lower 

than CS+ ratings. However, it needs to be considered that ratings in studies II and III were 

intermittently (i.e., after each block), which could have led to biases due to retrospectivity 

(Lonsdorf et al., 2017). The FPS response towards the CS- decreased between acquisition 

and generalization, but remained at the same level during extinction as during 

generalization, indicating habituation processes rather than potential uncertainty. In study 

II , the LPP activity remained on the same level across all phases, whereas in study III it 

continuously increased. Additionally, while the discrimination between the CS+ and CS- 

after the extinction phase was strongly visible in shock expectancy and fear ratings as 

well as in FPS data across studies, there was almost, and none differentiation in LPP 

activity in studies II and III, respectively. 

Finally, the response pattern for the GS during fear generalization was comparably 

similar across all outcome measures. The CS+ elicited the highest response, followed by 

the GS+, and both were significantly higher compared to all or almost all other stimuli. 

This indicates that fear was generalized to the stimulus most similar to the CS+, and 

further, generalization processes can be captured equally well by subjective ratings, FPS, 

and LPP activity. Noteworthy, fear generalization has been analyzed in multiple ways 

and research is at odds over which analysis captures generalization processes the best 

(e.g., Lee et al., 2021; Stegmann et al., 2025; Vanbrabant et al., 2015). In studies II and 

III , it was decided to quantify fear generalization as the mean response levels, which have 

previously been reported to be associated the strongest with trait anxiety (Stegmann et 

al., 2025). While the GI was also computed in study II and suggested the same pattern of 

results, alternative quantification methods might yield different outcomes. Overall, the 

present findings are in line with previous research that repeatedly reports fear 

generalization to the GS most similar to the CS+ (i.e., GS+ in studies II and III) (e.g., 

Lissek et al., 2010, 2014; Wong & Lovibond, 2020). 
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4.5.3 Integrative Summary across Outcome Measure  

Taken together, although all inspected outcome measures showed expected task 

effects for acquisition and at least partially for extinction learning, some substantial 

differences have been outlined above, which supports the dual-process account of fear 

and safety learning (Hamm & Vaitl, 1996; Hamm & Weike, 2005; LeDoux & Pine, 2016; 

Sevenster et al., 2012a). The assumption that outcome measures frequently used in fear 

conditioning research differ in various aspects, including cognitive and methodological 

ones (Gazendam & Kindt, 2012; Haaker et al., 2013, 2014; Ojala & Bach, 2020), is 

underlined by the reported inconsistencies across various outcome measures. This further 

includes the comparison of individuals with anxiety- and stress-related disorders and 

unaffected control participants. Here, findings align with previous research showing that 

alterations during fear acquisition in anxiety- and stress-related disorders are commonly 

observed in some outcome measures but not all (e.g., Wake et al., 2024). To strengthen 

this argument, in study I, meta-analytic evidence was of stronger effect size for subjective 

ratings, i.e., higher US expectancy towards the CS-, and most robustly higher affect 

ratings regardless of stimulus, in individuals with anxiety- and stress-related disorders. 

Other than the FPS response towards the CS- during fear acquisition, SCR and FPS 

activity was not increased in anxiety- and stress-related disorders in comparison to 

healthy participants. This is further supported by studies II and III, in which differences 

between individuals with anxiety- and stress-related disorders and unaffected control 

participants were found primarily in subjective ratings. If different outcome measures 

capture the same aspects and processes of fear and safety learning, the same group 

differences across all outcome measures would be expected. However, the present 

findings and differences between participants with and without anxiety-related 

psychopathology were most robust throughout subjective self-report measures, especially 

affect ratings, across all studies. As discussed above, cognitive biases might drive the 

impaired fear and safety learning processes in anxiety-related psychopathology, which in 

turn might be best represented by the slower and cognitively controlled system, including 

the conscious evaluation of threat and safety (e.g., Bradley et al., 2008; Zhang et al., 

2016). In line with this interpretation, subjective ratings might best reflect consciously 

experienced threat appraisal and evaluative processes, rather than physiological or neural 

indices such as the FPS and LPP, which primarily measure automatic or attentional 

aspects of fear and safety learning. 
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Thus, including multiple outcome measures in future studies to elaborate how self-

report, psychophysiological, and neural activity capture distinct processes and facets of 

fear conditioning has the potential to facilitate a more nuanced understanding of the 

underlying mechanisms and increase convergent validity (Boddez et al., 2013). At the 

same time, the number of outcome measures should be balanced against feasibility, as 

different outcome measures need different optimized tailored designs. Additionally, 

meaningful comparisons remain challenging, as the quantification and operationalization 

of outcome measures vary considerably between laboratories and experimental designs. 

Research should report outcome measures transparently to strengthen the interpretability 

and reproducibility of observed effects. 

4.6 Strengths and Limitations 

The present dissertation contains several key strengths that advance the 

understanding of fear and safety learning processes in anxiety-related psychopathology. 

The combination of meta-analytic approaches in study I as well as cross-sectional 

approaches in studies II and III, provides methodological advantages as it allows for 

complementary insights that neither approach could offer alone. While evidence is 

synthesized across many studies and offers a broad understanding of the consistency and 

magnitude of effects within the literature in study I, the cross-sectional experiments 

allowed for the investigation of specific mechanisms and outcome measures within a 

controlled design. Integrating both approaches improved the interpretability of the present 

findings within the broader scientific context. 

A major strength of this dissertation lies in the characteristics and composition of 

the two large cross-sectional samples used across studies II and III. Both samples included 

four distinct groups, allowing for comparisons across clinical, high-risk, and unaffected 

individuals. The sample of study II had the specific advantage of adopting a 

transdiagnostic perspective by including three clinical groups recruited based on their 

primary diagnosis. This design enabled the examination of shared and disorder-specific 

patterns across anxiety- and stress-related disorders, an especially valuable approach 

given the substantial symptom overlap and heterogeneity within these disorders. The 

sample of study III complemented this by including one clinical group alongside two 

groups at elevated risk for anxiety-related psychopathology, offering a unique 

opportunity to investigate whether alterations in fear and safety learning processes may 
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serve as potential risk markers before disorder onset. Together, these samples provided a 

robust foundation for exploring symptom dimensions, transdiagnostic mechanisms, and 

early vulnerability profiles in a way that substantially strengthens the interpretability and 

relevance of the findings. Furthermore, to the best of my knowledge, study III is the first 

to investigate fear and safety learning processes in first-degree relatives of individuals 

with OCD. Although the present data do not suggest that altered fear and safety learning 

functions as a vulnerability marker or endophenotype for OCD, this study can be viewed 

as the possibility to offer first indications in this regard.  

Another strength of this dissertation is the combined use of symptom-specific 

dimensional analyses and categorical, diagnosis-based comparisons. By applying linear 

mixed-effects models including dimensional symptom measures alongside categorical 

group comparisons, the studies were able to capture both shared and disorder-specific 

patterns in fear and safety learning processes. Including symptom-specific dimensional 

variables is particularly advantageous given the well-known limitations of categorical 

diagnostic systems, including substantial symptom overlap across disorders, high rates of 

comorbidity, and considerable heterogeneity within diagnostic categories (e.g., Cooper et 

al., 2024; Forbes et al., 2024; Kessler et al., 2005). Integrating dimensional and 

categorical perspectives and additionally adding analysis on comorbid depressive 

disorders and symptoms allowed for a more differentiated and clinically meaningful 

characterization of the clinical correlates potentially underlying altered fear and safety 

learning in anxiety-related psychopathology. 

Lastly, a key strength of the present dissertation is the comprehensive 

investigation of multiple phases and multiple outcome measures frequently used within 

fear conditioning research. Across studies I, II, and III, a broad sequence of fear and safety 

learning processes were examined, including fear acquisition, generalization, extinction, 

extinction recall, and RoF following a reinstatement. This allows for a nuanced and 

methodologically wide assessment of fear conditioning responses. This is particularly 

valuable given that all the above-mentioned phases are linked to different processes 

within the development, maintenance, and treatment of anxiety- and stress-related 

disorders (e.g., Abramowitz et al., 2009; Dymond et al., 2015; Mineka & Zinbarg, 2006; 

Vervliet et al., 2013). Further, many previous studies focused only on selected phases, 

leaving important aspects of the learning trajectory unexplored. Additionally, a broad set 

of outcome measures was employed, including US expectancy ratings, affect ratings, 
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FPS, SCR, and LPP activity, enabling insight into both subjective and objective 

components of threat processing. Importantly, the use of the LPP, especially in the context 

of fear generalization and RoF, represents a relatively novel and therefore informative 

contribution, as neural markers remain understudied. The combination of these diverse 

measures and phases allowed us to capture the multifaceted nature and complexity of fear 

and safety learning far more comprehensively (Lonsdorf & Richter, 2017).  

Some study-specific and overarching limitations need to be taken into account 

when interpreting the findings of the present dissertation. First, for study I, it cannot be 

ruled out that there was a bias in the analyses through only analyzing published studies 

and additionally excluding a considerable number of studies due to insufficient details 

provided. Furthermore, there were indications of publication bias. And although the 

robustness was tested, using the Duval & Tweedie Trim and Fill method (Duval & 

Tweedie, 2000), findings should be interpreted more cautiously as robustness of results 

was confirmed for acquisition and extinction, but not for extinction recall. Of note, 

heterogeneity was substantial as well as the number of outliers high, leading to the 

removal of multiple studies and limiting the number of analyses that could be conducted, 

especially in regards to in-depth moderator analyses. This highlights the inconsistencies 

across studies, disorders, phases, and outcome measures used in fear conditioning 

research, highlighting the urgent need for standardization (Bach et al., 2023; Lonsdorf et 

al., 2017). Lastly, due to a lack of data, other influences could not be included that might 

potentially influence fear and safety learning mechanisms such as medication, other 

anxiety- and stress-related dimensions, or sex assigned at birth. 

Second, in study II, prior to the fear conditioning task, a 12-minute-long no-threat, 

predictable threat, unpredictable threat task was conducted, which also used electrotactile 

stimulation. Prior to the fear conditioning task, participants were asked if they perceived 

the electrotactile stimulation as unpleasant still, and it was recalibrated when necessary. 

As evidence suggests that habituation of electrotactile stimulation takes place over many 

trials (Sperl et al., 2016), this might have impacted fear and safety learning processes. 

Additionally, there are some limitations regarding the sample that need to be discussed. 

Within the clinical groups, participants often presented with multiple comorbid 

conditions and were assigned to diagnostic groups based on their primary diagnosis. This 

high comorbidity naturally reduces the distinctiveness between groups and may have 

attenuated potential group differences. The control group consisted of a community 
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sample, and mental disorders other than anxiety- and stress-related disorders, 

schizophrenia spectrum disorder, or a current manic phase of a bipolar disorder were not 

exclusion criteria, making the sample more representative but limiting our ability to 

ensure a fully healthy control group. 

Third, in study III, it needs to be taken into consideration that due to difficulties 

in recruiting, the relatives group tended to be older. As age effects have been reported for 

fear conditioning as well as for the LPP, this might have influenced the data (e.g., Davis 

& Jerger, 2014; LaBar et al., 2004; Rosenberg et al., 2024b). Additionally, relatives and 

participants with OCD were allowed to have a history of ACEs, and to recruit a 

representative sample, mental disorders other than OCD, schizophrenia spectrum 

disorder, or a current manic phase of a bipolar disorder were allowed in the ACEs, 

relatives, and control group. Further, participants with OCD were allowed to have 

comorbid mental disorders, including other anxiety- and stress-related disorders. As 

discussed for study II, this potentially reduces distinctiveness between groups and may 

have attenuated potential group differences. However, this approach was chosen to ensure 

ecological validity, especially when considering that comorbidities within OCD are 

common (e.g., Sharma et al., 2021) and about 60% of the population experience ACEs to 

some degree (Madigan et al., 2023). Regarding the measurement of ACEs, the CTQ was 

used, which has the advantage that it is commonly used in research, guaranteeing 

comparability across studies (Koppold et al., 2024). However, the CTQ does not reliably 

capture the timing, duration, or multiplicity of ACEs, allows only for retrospective 

assessment, and some subscales (i.e., sexual abuse, physical neglect, emotional neglect) 

have low test-retest reliability with r < .70 (Badenes-Ribera et al., 2024). Moreover, the 

cut-off for classifying as a participant with ACEs was selected for moderate exposure. 

Alternative cut-offs, for instance those for severe exposure (Häuser et al., 2011), could 

potentially lead to different results (Klingelhöfer-Jens et al., 2025). 

For studies II and III, some shared methodological limitations are important to 

discuss. In regards to the incomplete extinction learning, it is possible that the extinction 

phases were not long enough. The number of extinction trials affects extinction learning 

(An et al., 2017; Harris & Andrew, 2017; Lonsdorf et al., 2017), and it has been discussed 

that more trials are needed for extinction learning in comparison to acquisition, as it 

proceeds at a slower rate (B. J. Davis et al., 2025; Rescorla, 2002). Due to the high 

reinforcement rate and the instruction that participants were supposed to learn which 
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circle was paired with the US, the task itself might have led to ceiling effects and limited 

variability, leaving little room for variance between participants, and thus, possibly 

diminishing group effects. Further, it is questionable whether the used stimuli were 

relevant enough, in the sense that geometrical forms do not play an important role for the 

examined disorders compared to disorder-specific stimuli (e.g., faces or spiders (Åhs et 

al., 2018; Ney et al., 2022; Wake et al., 2024). On the one hand, geometrical forms offer 

neutrality and standardization, ensuring that differences in fear and safety learning 

processes are not influenced by individual threat-associations (Lonsdorf et al., 2017) as 

well as facilitating the examination of generalization processes (Fraunfelter et al., 2022). 

On the other hand, there are reports of diagnosis-based alterations in fear conditioning 

being only found in disorder-specific CS (e.g., Ahrens et al., 2016; Kopp et al., 2005). 

Due to differences in preregistration, a slightly different analytical approach in study II 

compared to study III was used. More specifically, in study III, linear mixed-effects 

models including stimulus and group only were conducted, whereas in a second step, 

exploratively, symptom-specific dimensional predictors were included and a backward 

model selection was applied, mirroring the procedure of study II. These different 

approaches complicate direct comparisons between the studies. Further, post hoc 

sensitivity analyses indicated reduced statistical power for some smaller interaction 

effects, including dimensional variables and three-way interactions, which fell slightly 

below the commonly recommended 80% threshold (Lakens, 2022). Thus, these effects 

should be interpreted with this consideration in mind. 

Lastly, some overarching limitations will be discussed. While the implementation 

of multiple phases was a strength of the cross-sectional studies of the present dissertation, 

some processes were not examined, including avoidance behavior, delayed extinction, 

and contextual learning. However, these processes are assumed to contribute to the 

development, maintenance, and treatment of anxiety- and stress-related disorders 

(Beckers et al., 2023). While it is difficult to include all phases that are potentially 

involved in anxiety-related psychopathology, not including these processes limits the 

conclusion that can be drawn. A further limitation concerns the use of self-report 

questionnaires to operationalize symptom-specific dimensions. Although dimensional 

approaches aim to capture transdiagnostic processes more precisely than categorical 

diagnoses, it remains unclear to what extent the questionnaires used in the present studies 

truly isolate the mechanisms they intended to assess. Furthermore, the likelihood of 
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shared variance across dimensions relevant in anxiety-related psychopathology is high, 

due to overlap between these constructs (e.g., Carsten et al., 2025). Thus, it is difficult to 

disentangle the unique contribution of each dimension. Lastly, individuals included in the 

present studies limit generalizability. For instance, all studies comprised only adult 

participants, which is particularly significant because alterations in fear conditioning 

paradigms have been reported to be different depending on the developmental stage (e.g., 

Rosenberg et al., 2024b), with adolescents being particularly vulnerable (Pittig et al., 

2018). Neural systems underlying fear and safety learning undergo structural and 

functional changes during childhood and adolescence (e.g., Pattwell et al., 2012) and a 

majority of individuals report initial disorder onset during childhood or adolescence 

(Lijster et al., 2017; Solmi et al., 2022). Additionally, a significant proportion of 

individuals with anxiety- and stress-related disorders included in studies II and III were 

comparably high-functioning, as they were able to actively seek out and engage in 

outpatient treatment and had the cognitive, emotional, and logistical capacity to 

participate in a demanding laboratory study. Fear and safety learning processes in 

individuals with more severe impairment, lower functioning, or limited treatment access 

may differ substantially from those observed in the present samples (Elsner et al., 2022). 

4.7 Clinical Implication s and Future Directions 

4.7.1 Cognitive Biases 

Due to the relevance of fear and safety learning processes for the development, 

maintenance, and treatment of anxiety-related psychopathology, multiple clinical 

implications can be drawn from the findings of the present dissertation. Regarding the 

impaired safety learning during fear acquisition and generalization found in individuals 

with anxiety- and stress-related disorders in the present studies, cognitive biases common 

in these disorders (Craske et al., 2009) might also contribute to the maladaptive alterations 

observed during these phases. The frequently described ñbetter safe than sorryò 

processing strategy and the generalized unsafety theory of stress may further promote 

impaired safety learning and fear overgeneralization (Brosschot et al., 2018; Van Den 

Bergh et al., 2021). This heuristic describes a bias toward prioritizing threat detection 

over accuracy, which is often maladaptive when applied too broadly in anxiety- and 

stress-related disorders (Van Den Bergh et al., 2021). Therefore, such cognitive biases 

should be taken into account in individualized treatment planning, as they may vary 
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depending on a personôs prior experiences and learning history (Craske et al., 2009; 

Lenaert et al., 2014). 

4.7.2 Exposure-based Cognitive Behavioral Therapy 

Fear extinction processes are considered the dominant theoretical framework for 

exposure therapy (e.g., Arch & Craske, 2009; Craske et al., 2018, 2023; Fullana et al., 

2020). Expectancy violations are thought to be crucial for successful exposure therapy 

(Guzick et al., 2020; Salkovskis et al., 2007). While the negative prediction error is the 

driving factor of extinction learning in the Rescorla-Wagner model (1972), the loss of 

fear that occurs during extinction learning could be due to multiple mechanisms, 

including instrumental learning, habituation of the CR, avoidance, reductions in attention 

to the CS, or response fatigue (Benito et al., 2025; Knowles & Tolin, 2022; Oi-Yue Yau 

& McNally, 2023). Consequently, extinction learning with all its facets represents only 

one component engaged during exposure-based CBT. In practice, exposure therapy may 

also engage processes such as active approach behavior, counterconditioning, and fear-

management strategies, which contribute to its overall effectiveness (Hofmann & Smits, 

2008; Scheveneels et al., 2016). 

Beyond the strategy of extending the duration and length of exposure sessions, 

additional proposals have been put forward that may enhance the effectiveness of this 

approach (e.g., Craske et al., 2014; Pittig et al., 2016). The strengthening of fear extinction 

or reduction can be accomplished on two potential avenues. First, to strengthen the newly 

acquired extinction memory trace (i.e., CS-no US association), and second, to weaken the 

original fear memory trace (i.e., CS-US association) (Lipp et al., 2020). Strengthening the 

newly acquired extinction memory has been the focus of extinction learning and plays an 

important role in the inhibitory retrieval model (Bouton, 2004; Craske et al., 2014). The 

present findings suggest that individuals with anxiety- and stress-related disorders did not 

form an inhibitory memory trace that was strong enough to compete with the fear memory 

trace. Other than increasing the intensity of exposure, individuals with anxiety- and stress-

related disorders could also benefit from strategies that aim at increasing learning in 

general, like memory consolidation and retrieval. For instance, sleep after extinction 

training or rehearsal strategies can potentially boost memory consolidation and retrieval, 

respectively (Culver et al., 2011; Kleim et al., 2014; Mystkowski et al., 2006). 
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At the same time, weakening the original fear memory trace has been the focus of 

research on fear memory reconsolidation (Elsey et al., 2018; Schiller et al., 2010; 

Thompson & Lipp, 2017). Memory reconsolidation refers to the process during which 

stored memories can re-enter active states after reactivation during retrieval or by a 

reminder cue (Nader & Hardt, 2009). Following this reactivation, memories can either be 

strengthened, weakened, or updated, and need to be restabilized to persist (Diekelmann 

et al., 2011; Nader & Hardt, 2009; Schwabe et al., 2014), posing the chance to weaken 

the CS-US association. However, there are some challenges regarding this theory in the 

context of fear and safety learning. For example, research indicates that some memories, 

especially older or stronger ones, may be less likely to undergo reconsolidation (e.g., 

Wichert et al., 2011). Most individuals with anxiety-related psychopathology seek 

treatment many years after fear acquisition (Pittig et al., 2018) and fearful memories are 

usually strong (Izquierdo et al., 2016), indicating that fear memories might be less likely 

to undergo reconsolidation. Additionally, the context (Hupbach et al., 2008) or frequency 

(Wichert et al., 2013) of reactivations, as well as the presence of new information 

(Sevenster et al., 2012b), might also influence the reconsolidation process. Exposure 

therapy rarely occurs using the same stimulus or setting as the original fear encounter. 

Rather than the original fear memory being reconsolidated, it has been suggested that in 

these scenarios a new memory trace is formed (e.g., Besnard, 2012; Hupbach et al., 2009; 

Osan et al., 2011). More detailed empirical research is required to clarify the potential 

clinical usefulness of reconsolidation (Treanor et al., 2017). 

Given that it is not only a challenge to achieve fear reduction, but also to maintain 

it over time (Vervliet et al., 2013), it is of high importance to increase the retention and 

generalization of extinction memories to limit non-optimal therapy outcomes or relapse 

(Lange et al., 2020). RoF still limits the long-term effectiveness of exposure-based 

treatments for anxiety and it is important to investigate why it is relatively easy to learn 

extinction but difficult to remember it (Vervliet et al., 2013). In exposure-based CBT, 

usually multiple stimuli that are similar to the feared stimulus are used, once, to ensure 

generalization and increase therapy success, but also because the originally feared 

stimulus or situation is not always available for use (e.g., Öst & Ollendick, 2017; Waters 

et al., 2014). Thus, technically speaking, stimuli used during exposure therapy are mostly 

GS that are perceptually or conceptually related to the originally feared stimulus (Wong 

& Lovibond, 2020). However, evidence suggests that fear extinction using GS is not as 
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efficient as extinction learning using the CS+, while, at the same time, extinction learning 

using the CS+ also reduces responses towards GS (e.g., Barry et al., 2016; Vervoort et 

al., 2014; Zbozinek & Craske, 2018). Consequently, this poses a challenge for exposure 

therapy and needs to be taken into consideration. Additionally, fears are likely to return 

when extinction learning was completed in one or only a limited number of contexts, but 

the feared stimulus is subsequently encountered in a different context (Pittig et al., 2018). 

For instance, in a therapeutic setting, this would be the case when exposure is only 

completed within the presence of a therapist and cannot be transferred to a context in 

which the patient is alone (Pittig et al., 2018). Thus, extinction learning and exposure 

therapy should be generalized to a wide variety of contexts. Of note, the context does not 

only refer to a physical place, but also to all sensory cues present within the physical 

place, and internal states of the individual exposed (Milad & Quirk, 2012; Vervliet et al., 

2013). As noted above, contextual manipulations were not part of the present studies, 

which represents a limitation. Given the central role of context in RoF and the associated 

clinical implications, future research should continue to incorporate systematic context 

variations, which could provide important additional insights into how extinction learning 

generalizes and how exposure-based treatments can be optimized. 

Avoidance behavior is a key symptom of anxiety- and stress-related disorders, and 

plays a crucial role in the maintenance of maladaptive fear (American Psychiatric 

Association, 2013; Arnaudova et al., 2017; Krypotos, 2015). Self-reported avoidance and 

depressive symptoms are often highly correlated (e.g., Moulds et al., 2007; Ottenbreit & 

Dobson, 2004). Elevated avoidance, driven by anxiety and associated functional 

impairments, is considered a leading contributor to secondary depression (Jacobson & 

Newman, 2014; Wittchen et al., 2003). Avoidance behavior not only prevents extinction 

learning but also maintains and reinforces fear and anxiety, potentially leading to rapid 

reacquisition of fear following adverse events (Pittig et al., 2018). To date, only a limited 

number of studies have investigated avoidance behavior using differential fear 

conditioning in individuals with anxiety- and stress-related disorders (Beckers et al., 

2023), but evidence suggests more frequent as well as persistent avoidance performance 

in individuals with anxiety- and stress-related disorders compared to unaffected controls 

(e.g., Gillan et al., 2014; Pittig et al., 2020). Relatedly, research suggests that fear 

generalization may contribute to safety behaviors, a type of avoidance aimed at reducing 

perceived threat (Fraunfelter et al., 2022). This has direct clinical implications, as reliance 
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on safety behaviors can diminish the effectiveness of exposure therapy (Helbig-Lang et 

al., 2014). Additionally, individuals with anxiety- and stress-related disorders 

demonstrated greater relief following avoidance (De Kleine et al., 2023), further 

underscoring the importance of increasing approach behavior in therapy (Rosenberg et 

al., 2024a). Thus, not including avoidance behavior limits external validity and the 

conclusions that can be drawn, as it is assumed that the different processes in fear 

conditioning, including acquisition, generalization, extinction, and avoidance behavior, 

interact with each other (Beckers et al., 2023). This highlights the need for integrated, 

multi-process investigations to clarify how these learning mechanisms interact and shape 

the maintenance and treatment of anxiety-related psychopathology. 

4.7.3 Individualized Therapy Considering Comorbid Depression and 

Dimensional Approaches 

Findings across studies II and III, together with previous research (e.g., Luo et al., 

2024; Otto et al., 2014; Wurst et al., 2021), suggest a close link between depressive 

symptoms and alterations in fear and safety learning processes. Beyond anxiety- and 

stress-related disorders alone, depression may influence core mechanisms relevant for 

extinction learning and treatment response. For instance, learned helplessness and 

reduced reward anticipation (e.g., Salinas-Hernández et al., 2018; Seligman, 1972; Smith 

et al., 1990), as well as cognitive biases such as a depressive attributional style or 

increased avoidance tendencies (e.g., Jacobson & Newman, 2014), may weaken 

extinction success in individuals with comorbid depression. Furthermore, memory 

processes are strongly modulated by mood (Matt et al., 1992), with depressed individuals 

showing a tendency to recall mood-congruent information (Watkins et al., 1992), 

indicative of memory biases (Rosenberg et al., 2024b). Positive mood, in contrast, may 

enhance encoding and retrieval, deepen semantic processing, and strengthen long-term 

retention (e.g., Federmeier et al., 2001; Hänze & Hesse, 1993), suggesting that 

interventions fostering positive affect might be particularly beneficial for individuals high 

in anhedonia or with comorbid anxiety and depressive symptoms (Rosenberg et al., 

2024b). In sum, comorbid depression may alter emotional learning pathways and could 

therefore require longer or more intensive exposure-based treatments to achieve optimal 

effects, further underscoring the need for individualized treatment planning. Additionally, 



General Discussion 

165 
 

patients with comorbid depression might benefit from specific interventions, such as 

integrating mood-regulating strategies or cognitive techniques (Rosenberg et al., 2024b). 

At the same time, a dimensional perspective is crucial, since fear and safety 

learning arise from complex interactions between threat-detection systems, memory 

processes, and conscious awareness (Pittig et al., 2018; Raber et al., 2019). Cognitive 

factors such as negative interpretational biases, maladaptive beliefs, and attentional biases 

(Wake et al., 2024), as well as individual differences in cognitive resources or biological 

markers such as menstrual cycle phase (Glover et al., 2012, 2015; Milad et al., 2006), 

may shape extinction outcomes independent of categorical diagnoses. Importantly, 

subclinical traits may influence fear and safety learning even before the onset of full-

blown psychopathology (Raymond et al., 2017; Sandi & Richter-Levin, 2009; Weger & 

Sandi, 2018). The present findings indicate that anxious personality traits influence fear 

and safety learning, supporting a dimensional continuum across clinical and non-clinical 

populations (Schiele et al., 2016). However, such dimensional findings should be 

interpreted with caution, as they may reflect broader vulnerability factors rather than 

disorder-specific mechanisms. 

Considering both comorbid depression as well as symptom-specific dimensional 

influences, future directions should move toward identifying individualized treatment 

approaches. Directly comparing individuals with anxiety- and stress-related disorders 

with and without comorbid depression, as well as including individuals with depression 

alone, will help distinguish shared versus disorder-specific learning alterations. In this 

regard, dimensional and data-driven subtyping approaches may offer a promising avenue 

for reclassifying subtypes based on shared deficits in fear and safety learning (Fyer et al., 

2020), with the potential to guide more personalized interventions. 

4.7.4 Predictive Value of Fear and Safety Learning Processes for Treatment 

Outcome 

Another important aspect is the predictive value of fear and safety learning 

processes measured within fear conditioning paradigms for treatment outcome. A review 

by Sheveneels et al. (2021) examined whether fear conditioning responses served as 

predictors of treatment outcome across studies using exposure-based interventions or 

experimental treatment analogues. During fear acquisition, only one study found a 

positive predictive effect, showing that neural activation patterns could accurately 
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classify individuals as treatment responders (Hahn et al., 2015). For fear extinction, 

several indicators, i.e., SCR (Geller et al., 2019; Waters & Pine, 2016), ratings (Forcadell 

et al., 2017), and neural activation (Ball et al., 2017; Cano et al., 2021; Hahn et al., 2015), 

were linked to post-exposure treatment outcomes. More recently, Barry et al. (2025) 

reported that increased fear generalization was associated with smaller reductions in 

social anxiety symptoms, following exposure-based CBT, while extinction measures 

were unrelated to treatment response. Additionally, among individuals with anxiety 

disorders, better treatment outcomes were linked to more effective safety learning during 

fear acquisition and stronger extinction learning in the subsequent extinction phase 

(Adolph et al., 2023). However, some studies did not find fear conditioning variables to 

be associated with treatment response (Lange et al., 2020; McGregor et al., 2025; Raeder 

et al., 2020; Wannemueller et al., 2018). Overall, the available evidence highlights a 

heterogeneous and inconclusive picture regarding the predictive value of fear 

conditioning processes for therapeutic outcomes (McGregor et al., 2025). A range of 

other factors might also influence positive treatment outcomes, including broader socio-

demographic, clinical characteristics, and psychological mechanisms that need to be 

taken into account (e.g., Amati et al., 2018; Buckman et al., 2022; Kessler et al., 2017).  

Given this mixed evidence, future research in this area remains crucial to clarify 

whether and how specific fear and safety learning mechanisms can reliably inform 

individualized treatment planning and ultimately enhance the effectiveness of exposure-

based therapies. It might be beneficial to expand outcome evaluation beyond general 

symptom reduction to also determine whether exposure sessions achieved their specific 

therapeutic goals. Of note, studies II and III of the present dissertation also include 

measures that will allow us to link fear conditioning indices to symptom development and 

treatment outcome in the future. We are currently collecting longitudinal symptom 

development, treatment course, as well as post-treatment fear conditioning data that will 

enable the investigation of whether fear and safety learning processes relate to therapeutic 

change. However, at this stage, the available data are insufficient to conduct meaningful 

analyses, and such investigations would have exceeded the scope of the present 

dissertation. 

In sum, future research must determine whether laboratory-based fear and safety 

learning mechanisms translate into real-world development, maintenance, and treatment 

of anxiety-related psychopathology. An even more precise identification of when and 
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how fear and safety learning is altered across the different stages of fear conditioning may 

further improve intervention strategies (Elsner et al., 2022). Beyond standard differential 

fear conditioning paradigms, a broader inclusion of alternative associative learning 

procedures will be essential for capturing the full spectrum of fear and safety learning 

processes across anxiety-related psychopathology (Treanor et al., 2017). These 

alternative procedures include, but are not limited to, vicarious or instructed learning 

(e.g., King et al., 1998; Waters & Craske, 2016), context conditioning (e.g., Alvarez et 

al., 2008; Andreatta & Pauli, 2021), RoF (e.g., Haaker et al., 2014), spontaneous recovery 

(e.g., Bouton, 2004; Lonsdorf et al., 2019), avoidance behavior (e.g., Gillan et al., 2014; 

Pittig et al., 2020), appetitive conditioning (e.g., Corchs & Schiller, 2019), and the use of 

more naturalistic and disorder-relevant stimulus cues (Wake et al., 2024). To increase 

comparability, future studies should also implement standardized diagnostic and 

dimensional assessments as well as apply consistent terminology and optimized 

experimental designs (Bach et al., 2023; Kausche et al., 2025; Lonsdorf et al., 2017). At 

the same time, researchers must balance the inclusion of diverse outcome measures with 

feasibility, ensuring that all results are transparently reported. Ultimately, given the 

multidimensional and dynamic nature of fear conditioning, progress will rely on 

integrating a wide range of paradigms, outcome measures, and methodological standards 

to generate a more comprehensive and translationally meaningful understanding of fear 

and safety learning mechanisms. 

4.8 Conclusion 

In conclusion, the present dissertation aimed at contributing to a comprehensive, 

transdiagnostic understanding of fear and safety learning processes in anxiety-related 

psychopathology by elucidating how these processes contribute to the development, 

maintenance, and treatment of anxiety- and stress-related disorders. To this end, meta-

analytic and cross-sectional approaches were used. Across studies, multiple phases of fear 

conditioning were examined, including acquisition, generalization, extinction, extinction 

recall, and RoF. Furthermore, a broad range of outcome measures was employed, 

encompassing US expectancy ratings, affect ratings, FPS, SCR, and LPP. These multi-

method approaches allowed for the investigation of fear and safety learning in individuals 

with anxiety- and stress-related disorders as well as in populations at elevated risk for 
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developing anxiety-related psychopathology, assessed both categorically (diagnosis-

based) and dimensionally (symptom-specific). 

Overall, the findings of the present dissertation indicate altered fear and safety 

learning processes in individuals with anxiety- and stress-related disorders compared to 

unaffected controls. At the same time, inconsistencies across studies, disorders, phases, 

and outcome measures underscore the complexity of these mechanisms and highlight 

heterogeneity both within fear conditioning research and in the underlying processes 

across different anxiety- and stress-related disorders. Beyond categorical diagnosis, 

higher levels in symptom-specific dimensions, particularly anxious arousal and 

obsessive-compulsive symptoms, were associated with higher self-report ratings and FPS 

responses. Overall, these diagnosis-based categorical as well as symptom-specific 

dimensional findings suggest a ñbetter safe than sorryò information processing heuristic 

(Van Den Bergh et al., 2021). This heuristic is characterized by heightened threat 

responding during fear acquisition and generalization in individuals with anxiety- and 

stress-related disorders. Such heightened responding may have facilitated symptom 

maintenance through generally elevated fear and anxiety, anticipation of threat, and 

generalized avoidance and safety behavior. Impaired safety learning was further indicated 

by persistent threat responses in the absence of objective danger and impaired inhibitory 

learning during extinction learning in individuals with increased anxiety-related 

psychopathology. Consequently, this may maintain maladaptive fear and anxiety and 

contribute to the persistence of anxiety- and stress-related disorders as well as poorer 

treatment outcomes if not carefully addressed in individualized treatment approaches. 

In addition, comorbid depressive disorders and depressive symptoms were linked 

to impaired inhibitory safety learning during extinction and RoF phases, indicating 

sustained threat expectancies even when threat is no longer present. Impaired extinction 

learning found in individuals with comorbid depression might reflect processes related to 

learned helplessness (Maier & Seligman, 1976) or impaired reward processing (Kalisch 

et al., 2024). At the same time, the present findings suggest that for individuals with 

comorbid depression, it is not only challenging to achieve fear reduction but also to 

maintain it over time. Consequently, treatment planning should be individualized, as 

exposure-based interventions may need to be longer or more intensive to achieve optimal 

effects in the presence of comorbid depression. 
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While the present results do not support the notion that altered fear and safety 

learning processes constitute risk markers for the development of anxiety-related 

psychopathology, the cross-sectional nature of the studies limits conclusions regarding 

causality and predictive validity. Finally, effects related to the task as well as effects on 

anxiety-related psychopathology were most robust in self-report measures, particularly 

affect ratings. Although the LPP was found to be a reliable neural index of fear and safety 

learning across acquisition, generalization, extinction, and RoF phases, disorder- or 

symptom-related impairments were not significantly reflected at the neural level. These 

findings support the dual-process account of fear and safety learning (Hamm & Vaitl, 

1996; Hamm & Weike, 2005; LeDoux & Pine, 2016; Sevenster et al., 2012a). Impaired 

fear and safety learning in anxiety-related psychopathology might be predominantly 

driven by cognitive biases, which are better reflected by subjective ratings rather than 

physiological or neural measures such as the FPS and LPP, which reflect more automatic 

or attentional aspects of fear and safety learning (Bradley et al., 2008; Zhang et al., 2016).  

The present dissertation contains several key strengths that advance our 

understanding of fear and safety learning processes in anxiety-related psychopathology, 

specifically, examining multiple anxiety- and stress-related disorders, phases, outcome 

measures, and the combination of meta-analytic as well as cross-sectional approaches. 

Future research should focus on determining whether and how laboratory-based fear and 

safety learning mechanisms translate into real-world development, maintenance, and 

treatment of anxiety- and stress-related disorders. An even more precise identification of 

when and how fear and safety learning are altered in individuals with anxiety-related 

psychopathology across different phases and outcome measures in fear conditioning may 

further improve intervention strategies. However, progress in this area will require 

integrative synthesis across studies, as substantial heterogeneity in methodological 

approaches, participant characteristics, and symptom presentations currently limits the 

ability to draw definitive conclusions, especially when aiming to capture the nuanced and 

potentially dimensional nature of anxiety- and stress-related disorders. Additionally, 

incorporating longitudinal data on symptom development may clarify the predictive value 

of fear and safety learning mechanisms, ultimately facilitating more targeted and 

personalized treatment approaches. 
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Appendix A: Study I  

Appendix A-1  

Grouping of Measures into Categories for Moderator Analyses. 

Variable name Categories Included measures 

Type of 

outcome 

measure 

US expectancy 

rating 

 

ñUS expectancyò, ñRisk ratingò 

 

Affect rating ñValenceò, ñArousalò, ñAnxietyò, ñFearò, ñMood 

ratingsò, ñDisgustò, ñUnpleasentnessò 

Type of US 

Sound 

 

ñScreamò, ñWhite noiseò, ñ(Aversive) soundò 

 

Visual 

 

ñ(Aversive) picturesò, ñWordsò 

 

(Tactile) 

stimulation 

 ñShockò, ñThermal stimulationò, ñPainful pressure 

stimulusò, ñAversive odorò 

Type of CS 

Geometric shapes 

 

ñGeometric shapesò, ñColored circles/dotò, 

ñCirclesò, ñRingsò 

 

Pictures ñObjectsò, ñWordsò, ñPicturesò, ñCartoon 

charactersò, ñColored lampò, ñRoomsò 

Table A-1-1. Grouping of measures into categories for moderators. US = Unconditioned stimulus; CS = 

Conditioned stimulus. 
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Appendix A-2  

Overview of the Included Studies and their Key Experimental Characteristics. 

Here, only key characteristics of relevance for the present dissertation are listed. 

For a more detailed overview and additional information, see Kausche et al. (2025). Note 

that nine studies included more than one diagnostic group, so the number of diagnostic 

groups is higher than the number of included studies (i.e., Acheson et al., 2015; Fyer et 

al., 2020; Grillon et al., 2009; Klahn et al., 2017; Marin et al., 2020; Otto et al., 2014; 

Pºhlchen et al., 2020; Rabinak et al., 2017; Tinoco Gonz§lez et al., 2015b). 

Study 

Total sample size 

N (Subgroups 

included) 

Type of CS Type of US 
Type of 

outcome 

measure 

Experimental 

paradigm 

Acheson et 

al., 2015 

1002 (n=42 

PTSD, n=37 

MIX, n=923 HC) 

Geometric 

Shapes 
Airblast 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Acq; Ext 

Ahrens et al., 

2016 

55 (n=29 SAD, 

n=26 HC) 
Faces 

Visual, 

Sound 

Rating (Affect; 

US 

Expectancy); 

SCR 

1-Day Paradigm 

Hab; Acq; Gen 

Apergis-

Schoute et 

al., 2017 

78 (n=43 OCD, 

n=35 HC) 
Faces Stimulation SCR 

1-Day Paradigm 

Acq; Reversal 

Armstrong et 

al., 2021 

51 (n=20 PTSD, 

n=31 TE) 

Geometric 

Shapes 
Sound 

Rating (Affect; 

US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Re-Acq; 

Ext 

Berg et al., 

2021 

39 (n=20 PTSD, 

n=19 TE) 

Geometric 

Shapes 
Stimulation 

Rating (US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Gen 

Blechert et 

al., 2007 

91 (n=26 PTSD, 

n=34 HC, n=21 

TE) 

Pictures Stimulation 

Rating (Affect; 

US 

Expectancy); 

SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Britton et al., 

2013 

49 (n=18 MIX, 

n=31 HC) 
Faces 

Visual, 

Sound 

Rating (US 

Expectancy) 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall; 

Gen 

Cano et al., 

2021 

36 (n=18 OCD, 

n=18 HC) 
Pictures Stimulation  SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall 

Diener et al., 

2016 

41 (n=14 PTSD, 

n=13 HC, n=14 

TE)  

Geometric 

Shapes 
Visual  

Rating (Affect; 

US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Ext 

Elsner et al., 

2022 

73 (n=41 OCD, 

n=32 HC) 
Faces Stimulation SCR 

1-Day Paradigm 

Acq; Reversal 

Fyer et al., 

2020 

146 (n=41 OCD, 

n=41 SAD, n=64 

HC) 

Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall; 

Fear Renewal 
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Garfinkel et 

al., 2014 

28 (n=14 PTSD, 

n=14 TE) 
Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall; 

Fear Renewal 

Greenberg et 

al., 2013 

57 (n=32 GAD, 

n=25 HC) 

Geometric 

Shapes 
Stimulation 

Rating (US 

Expectancy) 

1-Day Paradigm 

Gen 

Grillon & 

Morgan, 

1999 

24 (n=12 PTSD, 

n=12 TE) 
Lights Stimulation FPS 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Hab; Acq; 

Ext 

Grillon et al., 

1998 

65 (n=34 PTSD, 

n=14 HC, n=17 

TE) 

Lights Stimulation FPS 
1-Day Paradigm 

Acq 

Grillon, 2008 
48 (n=24 PD, 

n=24 HC) 

Geometric 

Shapes 

Visual, 

Sound 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Acq 

Grillon et al., 

2009 

68 (n=18 GAD, 

n=16 PTSD, n=34 

HC) 

Geometric 

Shapes 

Visual, 

Sound 
FPS 

1-Day Paradigm 

Hab; Acq 

Helpman et 

al., 2016 

58 (n=30 PTSD, 

n=28 TE) 
Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Acq; Ext 

Day 2: Ext Recall 

Hermann et 

al., 2002 

33 (n=14 SAD, 

n=19 HC) 
Faces Stimulation  

FPS; Rating 

(Affect; US 

Expectancy); 

SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Jenewein et 

al., 2016 

40 (n=19 PTSD, 

n=21 HC) 

Geometric 

Shapes 
Stimulation  

Rating (Affect; 

US 

Expectancy); 

SCR 

1-Day Paradigm 

Acq 

(Jovanovic et 

al., 2009) 

55 (n=13 low-

PTSD, n=14 high-

PTSD n=28 HC) 

Lights Airblast 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Hab; Acq 

(Jovanovic et 

al., 2010a) 

67 (n=14 PTSD, 

n=53 TE) 

Geometric 

Shapes 
Airblast FPS 

1-Day Paradigm 

Hab; Acq; Fear 

Inhibition Transfer 

Test 

(Jovanovic et 

al., 2010b) 

90 (n=29 PTSD, 

n=61 TE) 

Geometric 

Shapes 
Airblast 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Hab; Acq 

Jovanovic et 

al., 2011 

54 (n=16 PTSD, 

n=38 TE) 

Geometric 

Shapes 
Airblast 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Hab; Acq 

Jovanovic et 

al., 2013 

41 (n=20 PTSD, 

n=21 TE) 

Geometric 

Shapes 
Airblast FPS 

1-Day Paradigm 

Acq; Ext 

Kaczkurkin 

et al., 2017 

40 (n=20 PTSD, 

n=20 TE) 

Geometric 

Shapes 
Stimulation 

Rating (US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Gen 

Kircher et al., 

2013 

84 (n=42 PD, 

n=42 HC) 

Geometric 

Shapes 
Sound  Rating (Affect) 

1-Day Paradigm 

Hab; Acq; Ext 

Klahn et al., 

2017 

60 (n=20 PD, 

n=20 SP, n=20 

HC) 

Faces 
Visual, 

Sound 

Rating (Affect; 

US 

Expectancy) 

1-Day Paradigm 

Acq 
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Lange et al., 

2019 

94 (n=46 SP, 

n=48 HC) 

Geometric 

Shapes 
Stimulation 

Rating (Affect; 

US 

Expectancy) 

3-Day Paradigm 

Day 1: Hab; Acq; 

Gen 

Day 2: Ext 

Day 3: Ext Recall 

Linnman et 

al., 2011 

43 (n=19 PTSD, 

n=24 TE) 
Lights Stimulation  SCR 

1-Day Paradigm 

Acq 

Lissek et al., 

2008 

38 (n=20 SAD, 

n=18 HC) 
Faces 

Visual, 

Sound 

FPS; Rating 

(Affect) 

1-Day Paradigm 

Hab; Acq; Ext 

Lissek et al., 

2009 

48 (n=24 PD, 

n=24 HC) 
Pictures Stimulation 

FPS; Rating 

(Affect; US 

Expectancy) 

2-Day Paradigm 

Day 1: Hab; Acq 

Day 2: 

Retention/Ext 

Lissek et al., 

2010 

38 (n=19 PD, 

n=19 HC) 

Geometric 

Shapes 
Stimulation 

FPS; Rating 

(Affect; US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Gen 

Lissek et al., 

2014 

48 (n=22 GAD, 

n=26 HC) 

Geometric 

Shapes 
Stimulation 

FPS; Rating 

(Affect; US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Gen 

Lueken et al., 

2014 

120 (n=60 PD, 

n=60 HC) 

Geometric 

Shapes 
Sound Rating (Affect) 

1-Day Paradigm 

Hab; Acq; Ext 

Marin et al., 

2016 

65 (n=24 PTSD, 

n=21 HC, n=20 

TE) 

Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Acq; Ext 

Day 2: Ext Recall 

Marin et al., 

2017 

82 (n=61 MIX, 

n=21 HC) 
Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall 

Marin et al., 

2020 

114 (n=27 GAD, 

n=18 PD, n=28 

SAD, n=20 SP, 

n=21 HC) 

Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall 

McLaughlin 

et al., 2015 

46 (n=31 OCD, 

n=15 HC) 
Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall; 

Fear Renewal 

Michael et 

al., 2007 

72 (n=33 PD, 

n=39 HC) 
Pictures Stimulation 

Rating (Affect); 

SCR 

1-Day Paradigm 

Hab; Acq 

Michopoulos 

et al., 2017 

63 (n=24 PTSD, 

n=29 TE) 

Geometric 

Shapes 
Airblast FPS 

1-Day Paradigm 

Acq; Ext 

Milad et al., 

2008 

28 (n=7 PTSD, 

n=14 HC, n=7 

TE)  

Lights Stimulation SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall 

Milad et al., 

2009 

31 (n=16 PTSD, 

n=15 HC) 
Lights Stimulation FPS 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall 

Milad et al., 

2013 

42 (n=21 OCD, 

n=21 HC) 
Pictures Stimulation SCR 

2-Day Paradigm 

Day 1: Acq; Ext 

Day 2: Ext Recall 

Miller et al., 

2011 

63 (n=32 PTSD, 

n=31 HC) 

Geometric 

Shapes 
Stimulation FPS 

2-Day Paradigm 

Day 1: Hab, Acq 

Day 2: Hab, Acq 

Morey et al., 

2015 

67 (n=32 PTSD, 

n=35 HC) 
Faces Stimulation 

Rating (US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Gen 



Appendix 

224 
 

Morey et al., 

2020 

36 (n=17 PTSD, 

n=19 HC) 
Pictures Stimulation 

Rating (US 

Expectancy); 

SCR 

2-Day Paradigm 

Day 1: Acq 

Day 2: Recognition 

Memory Test 

Morgan et 

al., 1995 

19 (n=9 PTSD, 

n=10 HC) 
Lights Stimulation FPS 

1-Day Paradigm 

Hab; Acq 

Nanbu et al., 

2010 

60 (n=39 OCD, 

n=21 HC) 
Lights Stimulation SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Neueder et 

al., 2019 

43 (n=21 PD, 

n=22 HC) 
Pictures Stimulation 

FPS; Rating 

(Affect; US 

Expectancy); 

SCR 

1-Day Paradigm 

Acq; Gen 

Norrholm et 

al., 2011 

127 (n=49 PTSD, 

n=78 TE) 

Geometric 

Shapes 
Airblast 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Acq; Ext 

Norrholm et 

al., 2013 

270 (n=98 PTSD, 

n=172 HC) 

Geometric 

Shapes 
Airblast 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Acq; Ext 

Orr et al., 

2000 

33 (n=15 PTSD, 

n=18 HC) 

Geometric 

Shapes 
Stimulation FPS; SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Otto et al., 

2014 

146 (n=21 PD, 

n=16 PTSD, n=96 

HC) 

Geometric 

Shapes 
Stimulation 

Rating (US 

Expectancy); 

SCR 

2-Day Paradigm 

Day 1: Hab; Acq 

Day 2: Ext 

Peri et al., 

2000 

86 (n=36 PTSD, 

n=30 HC, n=20 

TE) 

Lights Sound  SCR 
1-Day Paradigm 

Hab; Acq; Ext 

Pineles et al., 

2016 

32 (n=16 PTSD, 

n=16 TE) 

Geometric 

Shapes 
Stimulation SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall 

Pitman & 

Orr, 1986 

40 (n=20 GAD, 

n=20 HC) 
Faces Stimulation SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Pittig et al., 

2021 

80 (n=40 MIX, 

n=40 HC) 

Geometric 

Shapes 
Stimulation 

Rating (US 

Expectancy); 

SCR 

1-Day Paradigm 

Hab; Acq 

Pöhlchen et 

al., 2020 

129 (n=21 MIX, 

n=73 PTSD, n=35 

HC) 

Geometric 

Shapes 

Stimulation

, Airblast 

FPS; Rating 

(US 

Expectancy); 

SCR 

2-Day Paradigm 

1 Day: Acq; Ext 

Day 2: Ext Recall 

Rabinak et 

al., 2017 

44 (n=13 PTSD, 

n=16 SAD, n=15 

HC) 

Lights Sound  
Rating (US 

Expectancy) 

2-Day Paradigm 

Day 1: Acq; Ext 

Day 2: Ext Recall 

Schwarzmeie

r et al., 2019 

20 (n=10 PD, 

n=10 HC) 
Faces Sound  

Rating (Affect); 

SCR 

3-Day Paradigm 

Day 1: Hab; Acq 

Day 2: Ext 

Day 3: Ext Recall 

Schweckendi

ek et al., 

2011 

29 (n=15 SP, 

n=14 HC) 

Geometric 

Shapes 
Visual 

Rating (Affect; 

US 

Expectancy); 

SCR 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext 

Seo et al., 

2022 

126 (n=63 PTSD, 

n=63 TE) 
Lights Stimulation 

Rating (US 

Expectancy); 

SCR  

1-Day Paradigm 

Hab; Acq; Ext 

Shechner et 

al., 2015 

52 (n=22 MIX, 

n=30 HC) 
Pictures Sound  

FPS; Rating 

(Affect); SCR 

1-Day Paradigm 

Hab; Acq; Ext 
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Steiger et al., 

2015 

37 (n=12 PTSD, 

n=11 HC, n=14 

TE) 

Geometric 

Shapes 
Stimulation 

Rating (Affect; 

US 

Expectancy) 

2-Day Paradigm 

Day 1: Hab; Acq; 

Ext 

Day 2: Ext Recall 

Thome et al., 

2018 

90 (n=30 PTSD, 

n=30 HC, n=30 

TE) 

Geometric 

Shapes 
Stimulation 

FPS; Rating 

(US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Gen 

Tinoco

González et 

al., 2015a 

58 (n=28 GAD, 

n=30 HC) 

Geometric 

Shapes 
Stimulation 

FPS; Rating 

(Affect; US 

Expectancy) 

1-Day Paradigm 

Hab; Acq; Gen 

Tinoco

González et 

al., 2015b 

48 (n=16 PD, 

n=16 SAD, n=16 

HC) 

Faces 
Visual, 

Sound 

FPS; Rating 

(Affect) 

1-Day Paradigm 

Hab; Acq; 

Reminder; Ext 

Veit et al., 

2002 

11 (n=4 SP, n=7 

HC) 
Faces Stimulation  

Rating (US 

Expectancy); 

SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Via et al., 

2018 

83 (n=27 GAD, 

n=56 HC) 

Geometric 

Shapes 
Sound  Rating (Affect) 

1-Day Paradigm 

Hab; Acq 

Vriends et 

al., 2012 

72 (n=33 SP, 

n=39 HC) 
Pictures Visual  

Rating (Affect; 

US 

Expectancy) 

1-Day Paradigm 

Acq 

Wang et al., 

2021 

58 (n=29 GAD, 

n=29 HC) 
Pictures Visual  

Rating (US 

Expectancy) 

1-Day Paradigm 

Acq; Gen 

Wessa & 

Flor, 2007 

44 (n=14 PTSD, 

n=15 HC, n=15 

TE) 

Geometric 

Shapes 
Visual  

FPS; Rating 

(Affect; US 

Expectancy); 

SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Wicking et 

al., 2016 

54 (n=18 PTSD, 

n=18 HC, n=18 

TE) 

Geometric 

Shapes 
Stimulation 

Rating (Affect; 

US 

Expectancy); 

SCR 

3-Day Paradigm 

Day 1: Hab; Acq 

Day 2: Ext 

Day 3: Ext Recall 

Wurtz et al., 

2016 

35 (n=18 PTSD, 

n=17 HC) 
Pictures Stimulation 

Rating (Affect; 

US 

Expectancy); 

SCR 

1-Day Paradigm 

Hab; Acq; Ext 

Table A-2-1. Acq = Acquisition phase; CS = Conditioned stimulus; Ext = Extinction phase; FPS = Fear-

potentiated startle; GAD = Generalized anxiety disorder; Gen = Generalization phase; Hab = Habituation 

or pre-acquisition phase; HC = Healthy controls; MIX = Mixed anxiety disorders; OCD = Obsessive-

compulsive disorder, PD = Panic disorder, PTSD = Posttraumatic stress disorder; SAD = Social anxiety 

disorder; SCR = Skin conductance response; SP = Specific phobia; TE = Trauma exposed; US = 

Unconditioned Stimulus. 

 

 

 

 

  



Appendix 

226 
 

Appendix A-3 

Forest Plots Visualizing the Effect Sizes for Acquisition. 

 
Figure A-3-1. Positive values from vertical reference line refer to higher outcome for participants with 

anxiety- and stress-related disorders compared to healthy control participants. Negative values refer to 

higher outcomes for healthy participants compared to participants with anxiety- and stress-related disorders. 

Some studies are mentioned multiple times because they investigated several affect ratings (e.g., valence, 

arousal, anxiety, fear, disgust, unpleasantness). À = Control Group: Trauma Exposed; * = fear conditioning 

with phobia-relevant US; PTSDhigh / PTSDlow = high / low current symptoms; OCD = Obsessive 

compulsive disorder, GAD = Generalized anxiety disorder, PD = Panic disorder, PTSD = Posttraumatic 

stress disorder, SAD = Social anxiety disorder, SP = Specific phobia, SCR = Skin conductance response, 

FPS = Fear-potentiated startle. 
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Appendix A-4  

Moderator Analyses for Acquisition. 

As stated in the method section of study I, follow-up subgroup analyses and meta-

regressions were performed if k Ó 10 studies reported any of the pre-defined moderator 

variables for CS+, CS- and ȹCS (Harrer et al., 2021). Subgroup-specific effects were 

analyzed for categories that had k Ó 5 studies for each CS+, CS-, and ȹCS. In addition, 

there had to be at least two groups that included 5 or more studies. If these predefined 

criteria were not reached, data were defined as ñnot availableò, i.e., NA. 

 SCR FPS US Expectancy Affect 

CS+ 

Depression 

score 
NA 

 
NA 

R² = 2.82% 

F(1,18) = 1.35 

p = .261 

R² = 0%  

F(1,22) = 0.51 

p = .482 

STAI-trait 

score 

R² = 0%  

F(1,10) = 0.53  

p = .485 

NA 

R² = 32.46%  

F(1,10) = 2.94  

p = .117 

R² = 13.46%  

F(1,13) = 2.38 

p = .147 

Reinforcement 

rate 

R² = 0%  

F(1,25) = 0.92 

p = .346 

R² = 0%  

F(1,17) = 1.60  

p = .222 

R² = 0%  

F(1,26) = 0.42 

p = .521 

R² = 0%  

F(1,32) = 0.10 

p = .753 

CS- 

Depression 

score NA NA 

R² = 0%  

F(1,15) = 0.01 

p = .917 

R² = 0% 

F(1,25) = 0.03  

p = .855 

STAI-trait 

score 

R² = 0%  

F(1,9) = 0.02 

p = .887 

NA 

R² = 0%  

F(1,8) < 0.01 

p = .987 

R² = 0%  

F(1,16) = 0.21 

p = .647 

Reinforcement 

rate 

R² = 0%  

F(1,22) < .001  

p = .979 

R² = 0%  

F(1,15) = 0.11  

p = .749 

R² = 0% 

F(1,23) = 0.09 

p = .766 

R² = 0%  

F(1,28) = 0.07  

p = .792 

ȹCS 

Depression 

score NA NA 

R² = 0%  

F(1,18) = 0.57 

p = .461 

R² = 0%  

F(1,34) = 0.62 

p = .438 

STAI-trait 

score 

R² = 44.72%  

F(1,9) = 8.41 

p = .018 

NA 

 

R² = 0%  

F(1,11) = 0.03 

p = .874 

R² = 0%  

F(1,21) = 2.21 

p = .152 

Reinforcement 

rate 

R² = 0%  

F(1,26) = 0.17  

p = .681 

R² = 100%  

F(1,17) = 7.23  

p = .016 

R² = 0% 

F(1,26) = 0.003 

p = .957 

R² = 13.99% 

F(1,47) = 6.70 

p = .013 

Table A-4-1. US = Unconditioned stimulus, CS = Conditioned stimulus, STAI = State trait anxiety 

inventory, SCR = Skin conductance response, FPS = Fear potentiated startle. Significant results are printed 

in bold (p < .05).
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Appendix A-5 

Forest Plots Visualizing the Effect Sizes to the Stimuli for Extinction. 

 
Figure A-5-1. Positive values from vertical reference line refer to higher outcome for participants with 

anxiety- and stress-related disorders compared to healthy control participants. Negative values refer to 

higher outcomes for healthy participants compared to participants with anxiety- and stress-related disorders. 

Some studies are mentioned multiple times because they investigated several affect ratings (e.g., valence, 

arousal, anxiety, fear, disgust, unpleasantness). À = Control Group: Trauma Exposed; * = fear conditioning 

with phobia-relevant US; PTSDhigh / PTSDlow = high / low current symptoms; OCD = Obsessive 

compulsive disorder, GAD = Generalized anxiety disorder, PD = Panic disorder, PTSD = Posttraumatic 

stress disorder, SAD = Social anxiety disorder, SP = Specific phobia, SCR = Skin conductance response, 

FPS = Fear-potentiated startle. 
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Appendix A-6 

Moderator Analyses for Extinction 

As stated in the method section of study I, follow-up subgroup analyses and meta-

regressions were performed if k Ó 10 studies reported any of the pre-defined moderator 

variables for CS+, CS- and ȹCS (Harrer et al., 2021). Subgroup-specific effects were 

analyzed for categories that had k Ó 5 studies for each CS+, CS-, and ȹCS. In addition, 

there had to be at least two groups that included 5 or more studies. If these predefined 

criteria were not reached, data were defined as ñnot availableò, i.e. NA. Note that these 

predefined criteria to conduct subgroup analyses were not reached for any of the 

moderator variables for the fear-potentiated startle or skin conductance response, which 

is why these are not listed in the following table.  

 US Expectancy Affect 

CS+ 

Depression score 

NA 

R² = 14.74% 

F(1,18) = 4.05 

p = .059 

Reinforcement rate R² = 5.41%  

F(1,15) = 2.00 

p = .178 

R² = 0%  

F(1,26) = 0.02  

p = .877 

CS- 

Depression score 

NA 

R² = 89.8% 

F(1,17) = 4.20  

p = .056 

Reinforcement rate R² = 0% 

F(1,10) = 0.02 

p = .889 

R² = 6.24% 

F(1,22) = 0.82  

p = .376 

ȹCS 

Depression score 

NA 

R² = 0%  

F(1,16) = 0.40 

p = .534 

Reinforcement rate R² = 0% 

F(1,13) < 0.01 

p = .989 

R² = 85.61% 

F(1,24) = 0.25 

p = .618 
Table A-6-1. CS = Conditioned stimulus, US = Unconditioned Stimulus. A significance 

level of Ŭ = .05 was chosen for all analyses. 
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Appendix A-7 

Forest Plots Visualizing the Effect Sizes to the Stimuli for Extinction Recall. 

 
Figure A-7-1. Positive values from vertical reference line refer to higher outcome for participants with 

anxiety- and stress-related disorders compared to healthy control participants. Negative values refer to 

higher outcomes for healthy participants compared to participants with anxiety- and stress-related disorders. 

Some studies are mentioned multiple times because they investigated several affect ratings (e.g., valence, 

arousal, anxiety, fear, disgust, unpleasantness). À = Control Group: Trauma Exposed; * = fear conditioning 

with phobia-relevant US; PTSDhigh / PTSDlow = high / low current symptoms; OCD = Obsessive 

compulsive disorder, GAD = Generalized anxiety disorder, PD = Panic disorder, PTSD = Posttraumatic 

stress disorder, SAD = Social anxiety disorder, SP = Specific phobia, SCR = Skin conductance response, 

FPS = Fear-potentiated startle. 
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Appendix B: Study II  

Appendix B-1  

Deviations from Preregistration in Study II. 

The study was preregistered on OSF (https://osf.io/cfqm9). There were deviations 

from the preregistration regarding various manners which are described and justified 

below: 

1) The analysis of the SCR: For the SCR we did not find reasonable task effects. The 

paradigm was optimized for EEG and FPS data, not SCR data, which may explain 

missing reasonable SCR response towards the US. Therefore, we decided not to 

interpret SCR data any further.  

2) The reinforcement rate during generalization: It was preregistered that during the 

generalization phase, the CS+ would be paired with the US in 100% of the cases. 

This was changed to 80% reinforcement rate comparable to acquisition, to leave 

the threat experience of the CS+ unchanged. 

3) Preprocessing of the FPS: The analysis section of the FPS has been updated to 

reflect the most current and accurate version of the current state of research. The 

prior version was outdated and, therefore, the analysis plan was updated. FPS data 

have only been analyzed in the updated way. 

4) Hypothesis ñall participants would show fear extinctionò was added after the 

preregistration due to the fact that this hypothesis was forgotten and not 

preregistered by mistake. 

5) For LPP, FPS, and shock (i.e., US) expectancy rating analyses, mixed-measured 

ANOVAs were pre-registered. Instead, a series of linear mixed-effects models 

were fitted for two reasons: First, to reduce the number of separate analyses. 

Second, to allow for simultaneous testing of both categorical and dimensional 

predictors, instead of separate ANOVAs and hierarchical multiple linear 

regression models. 

 

 

 

https://osf.io/cfqm9
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6) Multiple additional exploratory analyses were added:  

a. Additional linear mixed-effects models were conducted for each outcome 

measure to investigate the effect of phase (i.e., habituation, acquisition, 

generalization, and extinction for shock expectancy ratings as well as 

acquisition, generalization, and extinction for FPS and LPP) and stimulus 

(i.e., CS+ and CS- only) as within-factors and group (i.e., OCD, SAD, SP, 

controls) as between-subject factor. 

b. Two mixed-measures ANOVAs were calculated to investigate group 

differences in shock and startle valence with the between-subject factor 

group (i.e., OCD, SAD, SP, controls) and the within-subject factor phase 

(i.e., acquisition and generalization for shock valence, and acquisition, 

generalization, and extinction for startle valence). 

c. Depressive symptoms using the sum score of the Beck Depression 

Inventory-II  (BDI-II; Beck et al., 1996; Hautzinger et al., 2006) were 

added into the dimensional analyses. 

d. Bayesian analyses for the main outcome measures to better parameterize 

our observed null effects. 

e. Individuals with any current anxiety- or stress-related disorder (i.e., 

anxiety disorders, OCD, PTSD) were compared to individuals without 

such diagnoses using linear mixed-effects models. 

f. Individuals with any current anxiety- or stress related disorder and current 

comorbid depression (i.e., current depressive episode or dysthymia) were 

compared to individuals with a current anxiety- or stress related disorder 

without a current comorbid depression, and to individuals without such 

diagnoses using linear mixed-effects models.  

 

 

  



Appendix 

233 
 

Appendix B-2 

Overview of all Questionnaires and Diagnostic Instruments used in Study II. 

At different stages of data collection, a range of questionnaires and diagnostic 

instruments were administered. In this dissertation, only the measures that are directly 

reported in the respective study are presented. This approach aims to offer a clear and 

coherent clinical overview, without overloading the description with measures that are 

not relevant to the analyses shown.  

Prior to the laboratory assessment, a screening was conducted by trained personnel 

during which the following interviews and questionnaires were administered:  

¶ A screening-based version of the Structured Clinical Interview for DSM-5 

Disorders ï Clinical Version to assess presence of current mental disorders  

(SCID-5-CV; Beesdo-Baum et al., 2019; First et al., 2016) 

¶ In the presence of obsessive-compulsive symptoms, the Yale-Brown Obsessive 

Compulsive Scale (Y-BOCS; semi-structured interview, 19 items, 5-point Likert 

scale 0ï4; Goodman, 1989; Hand & Büttner-Westphal, 1991) 

¶ The global assessment of functioning (GAF; American Psychiatric Association, 

2000; DSM-IV Version) 

During the laboratory assessment, prior to completing the battery of tasks, the 

following questionnaires were assessed:  

¶ Anxious apprehension by the Penn State Worry Questionnaire (PSWQ; 16 items, 

5-point Likert scale 1ï5; Cronbachôs Ŭ = .94; Glöckner-Rist & Rist, 2006; Meyer 

et al., 1990) 

¶ Anxious arousal by the respective subscale of the Mood and Anxiety Symptom 

Questionnaire (MASQ-AA; 17 items, 5-point Likert scale 1ï5; Cronbachôs  

Ŭ = .88; Watson et al., 1995; Watson & Clark, 1991) 

¶ Depression symptoms by the Beck Depression Inventory-II (BDI -II; 21 items,  

4-point Likert scale 0ï3; Cronbachôs Ŭ = .95; Beck et al., 1996; Hautzinger et al., 

2006)  

¶ State and trait anxiety by the respective subscale of the State-Trait-Anxiety 

Inventory (STAI; 20 items each, 4-point Likert scale 1ï4; State: Cronbachôs  

Ŭ = .95; Trait: Cronbachôs Ŭ = .95; Laux et al., 1981; Spielberger et al., 1983) 
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¶ Obsessive-compulsive symptoms by the Obsessive-Compulsive Inventory-

Revised (OCI-R; 18 items, 5-point Likert scale 0ï4; Cronbachôs Ŭ = .92; Foa et 

al., 2002; Gönner et al., 2007)  

¶ Social anxiety symptoms by the self-report version of Liebowitz Social Anxiety 

Scale (LSAS-SR; 24 items for fear and avoidance each, 4-point Likert scale 0ï3; 

Cronbachôs Ŭ = .98; Baker et al., 2002; Liebowitz, 1987; Stangier & Heidenreich, 

2005) 

¶ Specific phobia symptoms by the DSM-5 Severity Measure for Specific Phobia 

(SMSP; 10 items, 5-point Likert scale 0ï4; Cronbachôs Ŭ = .86; Craske et al., 

2013) 

  



Appendix 

235 
 

Appendix B-3 

Color Coding of Stimuli for Study II and III. 

The bluest (HEX #2914cc) and greenest (HEX #14cc29) stimuli served as CS+ 

and CS-, counterbalanced across participants. The stimuli in between served as 

generalization stimuli (GS). One GS was most similar to the blue circle (HEX #2442a3), 

one most similar to the green circle (HEX #199e52), and one GS was the most ambiguous 

stimulus, incorporating equally blue and green color (HEX #1f707b), see table B-3-1. 

Stimulus Color Coding 

 

 

 

 

CS+ / CS- 

 

HEX #2914cc 

 

 

 

 

GS+ / GS- 

 

HEX #2442a3 

 

 

 

 

GSU 

 

HEX #1f707b 

 

 

 

 

GS- / GS+ 

 

HEX #199e52 

 

 

 

 

CS- / CS+ 

 

HEX #14cc29 

Table B-3-1. Overview of the stimuli used in study II and III. 
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Appendix B-4 

Results of the Model for the Shock Expectancy Rating Including only the BDI-II  as a 

Dimensional Measure. 

The model for the shock expectancy rating during the generalization phase was 

computed without the Beck Depression Inventory-II  (BDI-II) due to multicollinearity, 

influences of the BDI-II were checked separately (see table C-1 for model fit indices and 

results) as there were no a priori hypotheses generated for the influence of BDI-II. The 

following model was computed and results are displayed in table B-4-1: 

Shock expectancy rating ~ stimulus cue × group × BDI-II + (1 | ID) 

 Ὑ  / Ὑ  ICC RMSE ů F df p Ὑ  95% CI 

Shock expectancy 

Rating 

.791/.728 0.232 16.47 19.05      

Stimulus cue     348.90 1, 572 <.001 .153 .113, .205 

Group     0.15 3, 143 .932 .001 .000, .015 

BDI-II      0.30 1, 143 .587 <.001 .000, .007 

Stimulus cue × 

Group 

    0.89 12, 572 .559 .012 .011, .050 

Stimulus cue × 

BDI-II  

    0.05 4, 572 .996 .001 .001, .016 

Stimulus cue × 

Group ×  

BDI-II  

    0.38 12, 572 .969 .005 .008, .040 

Table B-4-1. Model fit Indices and results of the Type III ANOVA with Satterthwaiteôs method for the 

generalization phase. Ὑ  = Conditional R2; Ὑ  = Marginal R2; Ὑ  = Partial R2; CI = Confidence interval; 

BDI-II = Beck Depression Inventory-II . Significant effects (p < .05) are printed in bold. 
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Appendix B-5 

Overview of Missing Data and Dropouts of Study II. 

For various reasons, participants included for each outcome measure differ (see 

table B-5-1). Overall, N = 163 were invited to the laboratory assessment. n = 5 participants 

were excluded as they did not finish the task. n = 2 participants were excluded as they 

met exclusion criteria. The final sample consisted of n = 156 participants (n = 39 control 

participants, n = 38 participants with OCD, n = 40 participants with SP, n = 39 participants 

with SAD). Out of these, n = 5 participants were excluded for the rating, EEG, and FPS 

data as they did not report to have learned the association between the CS+ and the US 

(i.e., shock expectancy rating CS- > CS+) and it was preregistered to exclude participants 

with this response pattern. For EEG analysis, n = 2 participants had to be excluded as they 

were identified as outliers within the LPP data (i.e., mean LPP activity > 3 SD), which 

was traced back to technical malfunction and artificial EEG activity. For FPS analysis,  

n = 5 participants were excluded because startle analyses showed more than 66% zeros 

or missings. 

N OCD SAD SP CON 

Overall 38 39 40 39 

Rating 37 37 39 38 

EEG 36 37 38 38 

FPS 35 34 39 38 
Table B-5-1. Number of participants for each outcome measure. N = Number of participants; OCD = 

Obsessive-compulsive disorder; SAD = Social anxiety disorder; SP = Specific phobia; CON = Controls; 

EEG = Electroencephalography; FPS = Fear-potentiated startle.  
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Appendix B-6 

Distribution of Clinical Questionnaires across Groups of Study II. 

 
Figure B-6-1. PSWQ = Penn State Worry Questionnaire; MASQ-AA = Anxious arousal subscale of the 

Mood and Anxiety Symptom Questionnaire; OCD = Obsessive-compulsive disorder; SAD = Social anxiety 

disorder; SP = Specific phobia; Con = Control group. N = 151.  

 

 

 
Figure B-6-2. BDI-II = Beck Depression Inventory-II; OCI-R = Obsessive-Compulsive Inventory-

Revised; OCD = Obsessive-compulsive disorder; SAD = Social anxiety disorder; SP = Specific phobia; 

Con = Control group. N = 151. 

 

 

 
Figure B-6-3. LSAS-SR = self-report version of Liebowitz Social Anxiety Scale; SMPS = DSM-5 Severity 

Measure for Specific Phobia; OCD = Obsessive-compulsive disorder; SAD = Social anxiety disorder; SP 

= Specific phobia; Con = Control group. N = 151. 

 
















































































































