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Abstract 

The learning theory of panic disorder differs between panic attacks and anxious 

apprehension as distinct emotional states. Acute panic is accompanied by extreme fear, 

experience of strong body symptoms reflecting autonomic surge and flight tendencies. In 

contrast, anxious apprehension is associated with hypervigilance towards bodily sensations 

and increased distress when subtle somatic symptoms are identified. Following animal 

models, these clinical entities reflect different stages of defensive reactivity depending 

upon the imminence of interoceptive or exteroceptive threat cues with lowest distance to 

threat during panic attacks. We tested this model by investigating the dynamics of 

defensive reactivity in a large group of patients suffering from panic disorder and 

agoraphobia (PD/AG) prior to a multicenter controlled clinical trial. 

Three hundred forty-five patients participated in a standardized behavioral 

avoidance test (being entrapped in a small, dark chamber for 10 minutes). Defensive 

reactivity was assessed measuring avoidance and escape behavior, self reports of anxiety 

and panic symptoms, autonomic arousal (heart rate and skin conductance), and potentiation 

of the startle reflex before and during the exposure period of the behavioral avoidance test. 

While 125 patients showed strong anxious apprehension during the task (as indexed 

by increased reports of anxiety, elevated physiological arousal, and startle potentiation), 72 

patients escaped from the test chamber. Active escape was initiated at the peak of the 

autonomic surge accompanied by an inhibition of the startle response as predicted by the 

animal model. These physiological responses were observed during 34 reported panic 

attacks as well. 

We found evidence that defensive reactivity in PD/AG patients is dynamically 

organized ranging from anxious apprehension to panic with increasing proximity of 

interoceptive threat. Importantly, the patients differed quite substantially according 

defensive reactivity during the behavioral avoidance test despite all patients received the 

same principal diagnosis. These differences can be explained in part by differences in the 

disposition according to two genetic variants previously associated with panic disorder. 

Patients carrying the risk variant of a polymorphism in the neuropeptide S receptor 

gene showed an overall increased heart rate during the whole behavioral avoidance test 

reflecting an enhanced sympathomimetic activation and consequently arousal level. During 
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the entrapment situation in which heart rate further increased over an already elevated 

baseline level, risk variant carriers were prone to experience more panic symptoms. This is 

in line with the learning perspective of panic disorder, postulating that internal cues of 

elevated arousal increase the chance of experiencing another panic attack once they have 

been associated with aversive responses. Furthermore, the risk variant of a polymorphism 

in the monoamine oxidase A gene was observed to augment the occurrence of panic 

attacks and escape behavior preparation. In addition, we find evidence that suggest an 

enhanced resistance to corrective learning experiences as indicated by a lack of a reduction 

of avoiding and escaping behavior during repeated test chamber exposures in wait-list 

control patients carrying the risk gene variant. Both effects may strengthen the learning 

mechanism hypothesized to be involved in the pathogenesis of panic disorder. 

Exteroceptive and interoceptive cues previously associated with the initial panic attack 

might trigger subsequent attacks in risk allele carriers more rapidly while simultaneously 

the opportunity to dissolve once established associations due to contradictory experiences 

is limited. 

Now, differential dispositions regarding defensive reactivity in PD/AG patients has 

to be linked to mechanisms supposed to be involved in exposure based therapy. First 

outcome evaluations of the clinical trial indicated that a behavioral therapy variant 

suggested to be linked with higher fear activation during exposure exercises is more 

effective than another. Further analyses have to proof whether those patients showing a 

clear specific fear response during the behavioral avoidance test benefit more than others 

from exposure based therapy. 
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1 Introduction 

 Panic disorder (PD) is characterized by recurring unexpected panic attacks that are 

defined as a discrete and brief period of intense fear or discomfort associated with the 

experience of four or more of a list of 13 abruptly developing symptoms, that peak within 

10 minutes. Table 1 shows diagnostic criteria for a panic attack according to the 4th 

revision of the “Diagnostic and Statistical Manual of Mental Disorder” (DSM-IV-TR; 

APA, 2004). Additionally, patients suffering from PD report concerns and worries about 

the meaning of the attacks as well as anticipatory anxiety related to future episodes. This 

chronic state of anxious apprehension often leads to avoidance behaviors, which differ 

between patients from covert forms by diverting attention to the fear eliciting stimuli, 

subtle safety behavior (e.g. avoiding physical effort) up to open behavioral avoidance of 

locations (e.g. crowds or public places) where helping behavior may not be available or 

escape might be difficult in the case of a panic attack. The latter form of avoidance often 

results in agoraphobia (AG), a comorbid condition diagnosed in more than half of all PD 

patients (H.-U. Wittchen et al., 2008). Table 2 shows DSM-IV criteria for PD and AG. 

 

Table 1: Diagnostic criteria for a panic attack according to DSM-IV-TR (APA, 2004). 

Panic attack  

A discrete period of intense fear or discomfort, in which four (or more) of the following symptoms developed 

abruptly and reached a peak within 10 minutes: 

1) palpitations, pounding heart, or accelerated heart 

rate 

2) sweating 

3) trembling or shaking 

4) sensations of shortness of breath or smothering 

5) feeling of choking 

6) chest pain or discomfort 

7) nausea or abdominal distress 

8) feeling dizzy, unsteady, lightheaded, or faint 

9) derealization (feelings of unreality) or  

    depersonalization (being detached from  

    oneself) 

10) fear of losing control or going crazy 

11) fear of dying 

12) paresthesias (numbness or tingling s 

      ensations) 

13) chills or hot flushes 
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Table 2: Diagnostic criteria for panic disorder and agoraphobia according to the DSM-IV-

TR (APA, 2004). 

Panic disorder 

A. Both (1) and (2): 

   (1) recurrent unexpected Panic Attacks 

   (2) at least one of the attacks has been followed by 1 month (or more) of one (or more) of the following: 

        persistent concern about having additional attacks 

        worry about the implications of the attack or its consequences (e.g., losing control, having a heart attack, 

        "going crazy") 

        a significant change in behavior related to the attacks 

B. Presence or absence of Agoraphobia 

C. The Panic Attacks are not due to the direct physiological effects of a substance (e.g., a drug of abuse, a  

     medication) or a general medical condition (e.g., hyperthyroidism). 

D. The Panic Attacks are not better accounted for by another mental disorder, such as Social Phobia (e.g.,  

     occurring on exposure to feared social situations), Specific Phobia (e.g., on exposure to a specific phobic  

     situation), Obsessive-Compulsive Disorder (e.g., on exposure to dirt in someone with an obsession about  

     contamination), Posttraumatic Stress Disorder (e.g., in response to stimuli associated with a severe 

stressor),  

     or Separation Anxiety Disorder (e.g., in response to being away from home or close relatives). 

Agoraphobia 

A) Anxiety about being in places or situations from which escape might be difficult (or embarrassing) or in 

which help may not be available in the event of having an unexpected or situationally predisposed Panic 

Attack or panic-like symptoms. Agoraphobic fears typically involve characteristic clusters of situations 

that include being outside the home alone; being in a crowd, or standing in a line; being on a bridge; and 

traveling in a bus, train, or automobile. 

B) The situations are avoided (e.g., travel is restricted) or else are endured with marked distress or with 

anxiety about having a Panic Attack or panic-like symptoms, or require the presence of a companion. 

C) The anxiety or phobic avoidance is not better accounted for by another mental disorder, such as Social 

Phobia (e.g., avoidance limited to social situations because of fear of embarrassment), Specific Phobia 

(e.g., avoidance limited to a single situation like elevators), Obsessive-Compulsive Disorder (e.g., 

avoidance of dirt in someone with an obsession about contamination), Posttraumatic Stress Disorder (e.g., 

avoidance of stimuli associated with a severe stressor), or Separation Anxiety Disorder (e.g., avoidance of 

leaving home or relatives). 
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Patients suffering from PD are not only widespread in the general population but 

also are afflicted with substantial psychosocial impairments. Reviewing epidemiological 

data from 14 countries of the European Union the 12-month prevalence rate was estimated 

at 1.8% with higher rates in females (Goodwin et al., 2005). In line with these 

observations, 1.9% of 4075 investigated Germans were diagnosed with lifetime PD (Pané-

Farré et al., in preparation), highlighting the importance of PD in health care. Although 

already PD without AG was shown to be a relatively debilitating disorder, comorbid AG 

increases functional impairment and the degree of disability in PD patients (H. U. 

Wittchen, Gloster, Beesdo-Baum, Fava, & Craske, 2010). As a result, PD/AG patients 

show extensive health care utilization (Katon, 1996; Rees, Richards, & Smith, 1998). 

 Given the high prevalence and huge impairment rates of the disorder as well as data 

suggesting a chronic course in untreated patients (Batelaan et al., 2010), clinical research is 

dedicated to making the existing treatments more effective and sustainable. Cognitive-

behavioral therapy (CBT) for PD with or without AG has been shown to be highly 

efficacious and represents a first-line treatment (McHugh, Smits, & Otto, 2009; NICE, 

2004; Otto, Pollack, & Maki, 2000). However, a high number of patients do not respond to 

CBT or show symptomatic relapse, indicating the needfulness for further improvements 

(Hofmann & Smits, 2008). Optimizing therapeutic intervention requires an extensive 

understanding of pathological mechanisms of the disorder, to better target therapy. This 

work aims to contribute to the still insufficient knowledge about the psychopathology of 

PD by testing specific hypotheses derived from the findings of basic behavioral and 

neuroscience research with both animals and humans.  

Growing evidence from these research areas suggest, that categorical diagnosis 

currently used to classify anxiety disorders fail to map underlying pathophysiological 

mechanism. At present diagnosis is exclusively based on symptom reports of the patients. 

However, clinical observations of extensive comorbidity between created entities 

(Gorman, 1996) reflect the challenge of this traditional approach – overlapping pathology 

might rather reflect accordance than divergence in neurobiological dysfunction between 

the disorders. Additionally, other problems were observed. As exemplary highlighted 

“disorders once considered unitary based on clinical presentation have been shown to be 

heterogeneous by laboratory tests” resulting in the observation that “the boundaries of 

these categories have not been predictive of treatment response” (Insel et al., 2010). Driven 

by this consideration the authors emphasize identifying syndromes based on 
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pathophysiology, which might better predict therapeutic success. Following the results of 

clinical neuroscience the American National Institute of Mental Health (NIMH) has 

launched the Research Domain Criteria project to speed the translation of basic research to 

clinical application (Insel et al., 2010; Insel & Cuthbert, 2009). The central aim of this 

study is to develop new strategies of “classifying mental disorders based on dimensions of 

observable behavior and neurobiological measures” (Insel et al., 2010). In this framework 

mental disorders are conceptualized as disruption of adaptive behavior mediated by 

alterations in specific brain circuits. This approach implies a dimensional behavioral 

system ranging from normal to abnormal. In line with this conception, anxiety disorders 

can be characterized by maladaptive emotional processing (McTeague & Lang, 2012). 

Based on a theoretical model suggesting that emotions are arranged around an appetitive 

and defensive motivational system(Bradley, Codispoti, Cuthbert, & Lang, 2001), anxiety 

disorders have been associated to altered defensive reactivity with exaggerated emotional 

responses to usually innocuous stimuli. In the following sections the motivational model of 

defensive reactivity is illustrated in more detail, supplemented by the description of two 

animal models that are differentiating distinct aversive stages in defensive behaviors. 

Afterwards, implications of this theoretical framework for the conceptualization of PD are 

discussed. Finally, I present the results of a psychophysiological study in PD/AG patients, 

performed to verify the predictions made in the described models. 

 

2 Defensive reactivity in PD 

2.1 The motivational model of defensive reactivity 

 From the motivational perspective, human emotions can be described as action 

dispositions (Lang, Bradley, & Cuthbert, 1998). In this theoretical view emotional 

behaviors in humans have their origin in bidirectional behaviors of primitive organisms, 

that ensures individual’s survival and reproduction: approach behavior to appetitive stimuli 

and withdrawal from aversive stimuli. However, human beings increased adaptability to 

the needs of the complex environments over time, resulting in the development of goal 

directed behavior, behavioral delay, and response inhibition. As a result, “emotions [in 

humans] are systemic responses that happen when highly motivated actions are delayed or 

inhibited. … They reflect central activation and preparation for action” (Lang, 1995).  
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Emotional processing in humans is typically pictured in three measurable response 

systems (Lang et al., 1998): verbal reports of experience, overt behavior, and physiological 

activation. While subjective ratings and overt behavior were shown to be under greater 

voluntary control in humans due to their high cognitive capacity, physiological action 

preparation is regarded as more automatic and cue responsive. Measures of heart rate and 

skin conductance level responses, indexing autonomic mobilization, and the modulation of 

the acoustic startle reflex as an index of amygdala-dependent defense system activation are 

used extensively in this line of research. Particularly, the use of the startle potentiation 

paradigm allows researchers to directly translate results from animal to human experiments 

as the eyeblink component used in humans shows comparable characteristics of the whole-

body startle response in animals (Koch, 1999). As suggested by animal data, the human 

startle reflex is also modulated by emotional valence determining motivational orientation 

(appetitive vs. defensive). The primitive defensive reflex was shown to be potentiated 

during processing of fear conditioned stimuli (Hamm, Greenwald, Bradley, & Lang, 1993; 

Hamm & Vaitl, 1996) and during passive viewing of pictures evoking unpleasant affects. 

In contrast, blink magnitudes were inhibited when elicited during viewing of pleasant 

pictures (Lang et al., 1998). 

 Neural circuits in the mammalian brain that are activated by appetitive (appetitive 

motivation) and threat related cues (defensive motivation) mediate action preparation not 

only by priming reflex responses for mobilizing the organism and prompting motor action 

but also by engaging attention associated sensory processing via neuronal feedback sloops 

to the sensory systems. Extensive basic research in animals has identified the key brain 

circuits regulating defensive. Figure 1 shows the supposed brain “survival network” (Lang 

& Bradley, 2010) involving the amygdaloid complex as the central mediating structure. 

The basolateral amygdala functions as an input region, which receives information from 

the cortex, thalamus, and hippocampus. Further information processing occurs in the 

central nucleus of the amygdala as well as in the lateral bed nucleus of the stria terminalis 

(BNST, extended amygdala) from which several different brain structures are engaged in 

modulating sensory processing and activating autonomic and action reflexes. 
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Figure 1: Afferent and efferent connections of the amygdala as the central key structure in 

the neural survival network (from Lang & Bradley, 2010). 

 

Whereas emotional valence determines motivational orientation (appetitive vs. 

defensive), emotional arousal reflects the intensity of action preparation for overt 

behaviors. While the defensive system mediates ultimate fight-flight behaviors in the 

context of immediate threat, other preparing behaviors such as freezing or increased 

vigilance were hypothesized to be associated with reduced distance to threat and limited 

autonomic mobilization. These observations suggest a dynamic organization of defensive 

reactivity depending on threat proximity (Lang & Bradley, 2010). 

 

2.2 The dynamic conceptualization of defensive reactivity: The defense cascade model 

 Early results of extensive animal research suggested that defensive reactivity is 

organized in a dynamic sequence (Blanchard & Blanchard, 1989; Fanselow, 1994; 

Masterson & Crawford, 1982; Timberlake, 1993) described in detail by Fanselow (1994) in 

his threat-imminence model. According to this model, defensive behaviors in animals can 
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be assigned to different stages of reactivity depending on the proximity of threat. During 

the first stage (pre-encounter defense) the organism is in a context in which a predator has 

been encountered previously but has not yet been detected. During the next stage (post-

encounter defense) a predator has been identified but is still at a safe distance. The last 

stage (circa-strike defense) is activated during inevitable contact with the predator. As 

already indicated above it was suggested that specific defensive behaviors are associated 

with the different defensive modes. Whereas pronounced approach behavior and 

hyperalertness were shown to be typical of the pre-encounter stage, increased selective 

attention to threat related cues and freezing were dominant during the post-encounter 

mode. Finally, overt fight/flight behavior such as jump attacks or escape is initiated during 

circa-strike. Summarizing the results of animal lesion studies, Fanselow (1994) assigned 

these different defensive behaviors to different neuronal structures. In line with the 

neuronal network illustrated above the amygdala plays a key role in mediating post-

encounter and circa strike defense. However, projections to the ventral periaqueductal gray 

(PAG) – or central gray as labeled above – activate freezing whereas the dorsal PAG 

organizes circa-strike behavior. Other findings also showed that stimulation of the 

ventrolateral PAG produced freezing and hyporeactive immobility (Morgan & Carrive, 

2001) while damage of this structure disrupts such behavior.  

 Lang and colleagues collected initial evidence for a similarly staged defensive 

reactivity in humans (Lang, Bradley, & Cuthbert, 1997). Guided by theoretical 

assumptions, (Bradley et al., 2001) showed that pictures of attack and mutilations, which 

symbolize slightly enhanced level of proximity to immediate threat as compared to pictures 

of pollution, loss or illness, provoked stronger emotional arousal, larger autonomic 

responses and greater startle reflex potentiation than the latter ones. Using a predator 

imminence simulation task physiological response was measured while subject viewed a 

picture signaling a potential punishment (Loew, Lang, Smith, & Bradley, 2008). The 

picture increased their size with increasing proximity of threat. The authors demonstrated 

that autonomic mobilization increased during the picture sequences that indicated growing 

risk for potential punishment. As predicted by previously findings the startle reflex was 

potentiated during medium picture size indicating average distance to the final cue. In 

contrast, startle was markedly inhibited during final cue size, which was reflecting the 

imminent stage of threat. According to the motivational view of emotions Lang and 

Bradley (2010) supposed that “fear potentiated startle appears to be a premature action 

trigger, subsequently suppressed when the exigencies of a more efficient survival response 
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dominate.” Therefore, an increasingly inhibited startle response might mark the transition 

from overt action preparing behavior during post-encounter stage to fight/flight behavior 

during circa strike in which protective reflexes like the startle seem be inhibited. These 

assumptions are in line with animal data showing that startle response magnitude was 

related non-monotonically to the intensity of footshocks used as unconditioned cues during 

a classical conditioning paradigm (Walker & Davis, 1997). Compared to the magnitudes 

during cues predicting footshocks of a very mild intensity, startle response was potentiated 

during cues that signaled moderate shock intensity. However, startle facilitation was no 

longer observed for very intense footshocks. Summarizing existing data Walker et al. 

(1997)  came to the conclusion that the amygdala and the ventral PAG seem to be involved 

predominantly in the startle potentiation during moderate fear whereas the dorsolateral 

PAG mediates loss of startle potentiation during higher levels of fear (Walker et al., 1997). 

That brain structure had been previously linked to circa strike behavior (Fanselow, 1994). 

Brain imaging data confirm the dissociative role of amygdala and PAG in humans (Mobbs 

et al., 2007; Mobbs et al., 2009). Using an artificial intelligence predator model they found 

that post-encounter defense preferentially activates ventromedial prefrontal cortex, 

subgenual anterior cingulated cortex, hippocampus, hypothalamus, and amygdala, while 

circa strike engaged the dorsolateral anterior cingulated cortex and PAG. Moreover, 

electric PAG stimulation in humans was shown to induce extreme fear (Nashold, Wilson, 

& Slaughter, 1969). Figure 2 shows assumed functional relations between the amygdala 

and the PAG, and the association to different defensive behaviors depending on different 

levels of fear during aversive cue conditioning as supposed by Walker et al. (1997). 

 In sum, previous evidence indicates that defensive reactivity in humans is organized 

dynamically as proposed by animal models. First results suggest that different stages of 

defensive behavior might be linked to different structures in the human brain, which are 

part of an overarching neuronal survival network. This theoretical framework also fits with 

the results of an extensive research approach differentiating the two aversive states of 

anxiety and fear (Davis, Walker, Miles, & Grillon, 2010) which will be described in the 

next section. 
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Figure 2: Functional relations between the amygdala and the PAG, and the associations to 

the startle potentiation, fight/flight behavior and freezing depending on fear 

levels during fear condition (from Walker et al., 1997). 

 

2.3 The categorical conceptualization of defensive reactivity: Anxiety vs. fear 

 In this view, phasic fear is conceptualized as a rapidly beginning and short-acting 

defensive response mobilization during imminent threat (Davis et al., 2010). It is elicited in 

the laboratory by discrete and short cues that predict the occurrence of an aversive event. 

In contrast, the slower but longer lasting sustained anxiety is prompted by less specific and 

predictable threats involving cues signaling an unsafe context. Following the dynamic 

hypothesis of defensive reactivity illustrated above Davis et al. (2010) conceptualized the 

observable startle potentiation during fear associated cues as a model of circa-strike stage 

whereas the anxiety-potentiated startle might reflect pre- or post-encounter defense. Taking 

into account the previously reported result of a relatively inhibited startle response during 

cues symbolizing imminent threat (Loew et al., 2008), it remains controversial whether 

fear-potentiated startle during threat predicting distinct cues reflects rather advanced post-

encounter mode than circa-strike stage, which was also proposed by others (Fanselow, 

1986). However, it is without controversy that fear has to be associated with lower distance 

to imminent threat as compared to anxiety. 

 Rodent studies suggest that phasic fear and sustained anxiety are mediated by 

similar and often inter-related, but partly distinct brain substrates (Davis et al., 2010). Not 
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surprisingly, they identified the amygdala as the key structure in initiating both aversive 

states as well. Detailed functionally analyses of the different nuclei constituting the 

amygdala revealed different activation pathways during fear and anxiety. The basolateral 

amygdaloid complex was shown to process sensory information in both states. Fear-

eliciting cues activated the medial division of the central nuclei of the amygdala, the lateral 

division of the BNST was stimulated by anxiety-eliciting cues.  

 Interestingly, clinically effective anxiolytic drugs, such as benzodiazepines and 

selective serotonin reuptake inhibitors (SSRIs), are potent to reduce human defensive 

reactions to anxiety provoking contexts but not fear eliciting cues (Davis et al., 2010). For 

instance, a two week treatment with the SSRI Citalopram was shown to reduce fear-

potentiated startle during long duration stimuli that were predicting aversive shocks 

(Grillon, Chavis, Covington, & Pine, 2009). In contrast, no effects on startle baseline 

values or startle potentiation during short duration cues were observed. In rodents long-

duration-potentiated startle was shown to indicate aversive state of anxiety whereas startle 

potentiation during short cues seems to indicate phasic fear. Defensive stage specific 

modulations by pharmacological agents used in PD treatment suggest different neural 

substrates in fear and anxiety in humans as well but also giving a first indication, that 

pathological states of defensive reactivity might be rather associated with exaggerated 

anxiety than fear. Actually, patients suffering from PD did not show stronger startle 

potentiation during fear inducing cues (Grillon, Ameli, Goddard, Woods, & Davis, 1994; 

Melzig, Weike, Zimmermann, & Hamm, 2007) but they showed increased startle reflex 

magnitudes during an unsafe context of unpredictable electric shocks reflecting sustained 

anxiety (Grillon et al., 2008). These results appear to reflect a specific vulnerability to 

unsecure environments, an interpretation that is in line with the learning perspective on the 

etiology of PD/AG (Bouton, Mineka, & Barlow, 2001; Mineka & Zinbarg, 2006). 

 

2.4 Implications for PD: anxious apprehension vs. panic attacks 

 According to learning model of PD, an initial panic attack in the absence of real 

threat (“false alarms”) occurs as a function of biological and psychological vulnerabilities. 

However, associating exteroceptive and interoceptive cues with the initial attack results in 

the critical development of subsequent panic attacks (“learned alarms”) and anxious 

apprehension (Bouton et al., 2001). The latter clinical entity is associated with 

hypervigilance towards bodily sensations and increased distress when subtle somatic 
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symptoms are identified, typically defensive behaviors during post-encounter stage. In 

contrast, panic attacks are accompanied by extreme fear, experience of strong body 

symptoms reflecting autonomic surge and flight tendencies, characteristics allocated to 

circa-strike defense. Therefore, we hypothesized that panic and anxious apprehension are 

not only two distinct clinical entities but also reflect different stages in defensive reactivity 

regulated by different neuronal networks resulting in stages of defensive response 

mobilization (ranging from freezing to active flight). We tested our assumption by 

investigating the dynamics of defensive reactivity in a large sample of patients meeting 

DSM-IV-TR criteria for PD/AG (N = 345) using a standardized behavioral avoidance test 

(BAT). The study was implemented in an overarching German wide research network that 

was constituted to expand the horizon according our knowledge of exposure based CBT. 

Detailed information about the central aim of the study, patient recruitment procedure with 

inclusion and exclusion criteria, sample characteristics, assessment, data collection, and 

database are described by Gloster et al. (2009; publication 1). A short summary is given in 

the next section. 

 

The mechanism of action in CBT (MAC) research network. The central 

aim of the MAC project was to address still open questions about mechanisms of 

action in CBT leading to meaningful and long lasting therapeutic changes in 

patients suffering from PD/AG. New insights about active ingredients of the 

therapeutic process in exposure based psychotherapy provides implications for 

improving previously used CBT interventions.  

A special concern of the MAC study was to use a wide range of methods to 

investigate the process of change during the therapeutic intervention. Therefore not 

only variables concerning frequency, intensity, and type of administration of 

exposure in vivo exercises were collected but also finer-grained analyses of 

putative mechanisms of change and the impact of possible mediators and 

moderators were planned. Additionally, psychophysiological (e.g. the BAT), brain 

imaging and molecular genetics paradigms were conducted to give the opportunity 

to bridge traditionally isolated research areas. To achieve the desired objectives, the 

MAC study utilized a multi-center, randomized controlled exposure based therapy 

study including a standardized treatment protocol and manual (Lang, Helbig-Lang, 

Westphal, Gloster, & Wittchen, 2011). Additionally, an extensive, process 
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accompanying diagnostic procedure was implemented, in which several interview-

rated outcome measures and questionnaires completed by the patients were 

considered. Finally, 369 patients with a primary diagnosis of panic disorder with 

agoraphobia were enrolled in the study at 8 study centers, most of them also 

investigated in the BAT paradigm.  

The psychophysiological investigations during the BAT were part of the 

diagnostic procedure which went along with the treatment intervention or was 

parallelized in time in the wait-list control patients. Outcome variables as well as 

the BAT were assessed at baseline, intermediate during therapy, after therapy, and, 

in case of those patients randomized to one of the two active treatment groups, at a 

6-months follow up. That is, patients took part in the BAT procedure up to four 

times. 

 

The BAT consisted of a standardized exposure to a small, dark and closed test 

chamber that has been used previously to investigate claustrophobic fear (Öst, Johansson, 

& Jerremalm, 1982). After an anticipation period (10 minutes), during which patients were 

sitting in front of the opened chamber, the patients were instructed to enter the test 

chamber and take a seat and the door was locked from outside. Patients were instructed to 

sit in the chamber for as long as possible (max. 10 minutes) and to knock on the door if 

they want to leave the chamber prematurely. After exposure, patients were again seated in 

front of the opened chamber for an 8-minute recovery period. In contrast to paradigms 

previously used in agoraphobic research (e.g. the behavioral walk (Michelson, 1990; 

Vermilyea, Boice, & Barlow, 1984)) this BAT did not require any motor acts that would 

affect the physiological response systems. To assess defensive reactivity we measured 

markers of autonomic arousal (heart rate and skin conductance level) and the startle reflex 

modulation as index of amygdala-dependent defense system activation (Lang, Davis, & 

Öhman, 2000), flight behavior (as indexed by premature termination of the exposure), 

subjective ratings of anxious feelings and panic symptoms, and experience of panic during 

the task (marked by pressing a panic button).  

A detailed report of our observations during the BAT is given in Richter et al. 

(2012; publication 2). The main results can be summarized as follow. During the 

examination prior to psychotherapy the BAT elicited strong defensive reactivity in two 

thirds of the patients. However, defensive behavior differed substantially between patients 
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ranging from anxious apprehension to circa strike. As compared to patients for whom the 

BAT was obviously not a challenge (nonanxious patients with reported anxiety less than 4 

of maximum 10 during the exposure, N = 109) non-escaping patients who reported 

elevated anxiety (N = 125) showed significantly increased levels of heart rate and skin 

conductance but also potentiated startle blink magnitudes during the entire exposure period 

indicating sustained anxious apprehension in this patient group. In those 72 patients, who 

actively escaped from the exposure period autonomic arousal was further elevated during 

initial exposure. Furthermore, heart rate and skin conductance level increased linearly one 

minute prior to escape, supporting the assumption of the learning perspective of panic 

disorder that this strong increase in somatic symptoms was an imminent threat for these 

patients. Supporting the threat imminence model startle potentiation switched to a relative 

inhibition of the startle when freezing changed to escape. A relative startle inhibition was 

observed during the autonomic surge during the last minute prior to escape. as compared to 

the startle potentiation during the initial exposure period. Importantly, this physiological 

response pattern was also observed during 34 in real time recorded panic attacks. These 

marked episodes were characterized by strong increases in heart rate and skin conductance 

level as well, which again started before patients pressed the panic button. Once more, 

startle blink magnitudes were relatively inhibited during acute panic compared with the 

responses elicited before attack onset. 

 Our data are in line with the threat-imminence model (Fanselow, 1994) which 

conceptualizes defensive reactivity to be sequentially organized. As already demonstrated 

by Bradley et al. (2001) and Löw et al. (2008) autonomic arousal increased with decreasing 

distance from imminent threat in the large PD/AG patients group investigated during the 

BAT as well. At first heart rate and skin conductance level were elevated during anxious 

apprehension but further increased prior to escape and during panic attacks. While startle 

reflex was potentiated during the former stage of post-encounter a relative inhibition 

during the latter circa strike stage reflecting defensive behaviors was observed. Our results 

support the learning perspective of panic disorder (Bouton et al., 2001), which 

differentiates between acute panic and anxious apprehension as distinct emotional states. 

These different aversive stages might be regulated by different parts of the brain survival 

network (Lang & Bradley, 2010). On the other hand our data showed that PD/AG patients 

differed quite substantially according defensive reactivity during the BAT despite all 

patients received the same principal diagnosis.  
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The observed differences in defensive reactivity during the BAT within the patient 

group might also be modulated by genetic factors as the results of several brain imaging 

studies suggest a strong genetic effect on amygdala reactivity during threat related 

processing in PD patients (Domschke & Dannlowski, 2010). We tested the influence of 

two genetic variations, supposed to be linked to the brain survival network. Therefore, we 

reanalyzed the patients response patterns observed during the BAT in dependence of their 

genetic disposition.  

 

3 Genetic modulation of defensive reactivity in PD 

3.1 Genetics of PD 

 The results of several twin and family studies suggest a strong genetic component 

in the etiology of PD with an estimated heritability of about 48% (Hettema, Neale, & 

Kendler, 2001). However, linkage and association studies failed to identify a consistent 

genetic substrate of PD (Maron, Hettema, & Shlik, 2010). This fact might be a result of a 

polygenic heritable component with additive and mutual effects of multiple gene variants 

suggested in PD (Domschke & Reif, 2012) but it also reflects methodological limitations 

of previous studies. Association studies have often been underpowered leading to a high 

risk of false positive and false negative results. Additionally, due to limited sample sizes it 

was almost impossible to take mediating factors such as gender or ethnicity into account 

(Maron et al., 2010). To date molecular genetic studies focused almost exclusively on 

categorical entities defined by DSM- or ICD-criteria neglecting neurobiological 

heterogeneity in patients suffering from the same disorder. As described earlier, such 

research approach neglects supposed similarities in the neurobiological dysfunction 

between distinct anxiety disorders, but also physiological heterogeneities in patients 

suffering from the same disorder (Insel et al., 2010; Insel & Cuthbert, 2009). Therefore, 

genetic investigations of intermediate phenotypes of psychological disorders are required 

(Domschke & Reif, 2012), which might be analyzed with respect to challenge tests, that 

“have potential to increase our knowledge about the endophenotypic nature of 

panicogenesis and PD” (Maron et al., 2010). The analysis of possible genetic impacts on 

differences in defensive reactivity during the BAT meets these demands. 
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 Candidate genetic variations typically linked to PD derive from knock-out animal 

models or implicate genes involved in neurotransmission systems affected by psychotropic 

substances, which were shown to be effective in the treatment of the disorder (Maron et al., 

2010). Based on this approach we investigated the impact of a genetic variant of the gene 

encoding the neuropeptide S (NPS) receptor (Domschke et al., 2011; publication 3). As 

suggested by animal data NPS affects the fear response (Pape, Jüngling, Seidenbecher, 

Lesting, & Reinscheid, 2010) and a polymorphism in the receptor gene was previously 

linked to PD (Okamura, Hashimoto, Iyo, Shimizu, & Dempfle, 2007). Additionally, we 

focused on the effects of the monoamine oxidase A (MAO-A) gene (Reif et al., under 

revision; publication 4) as monoamine oxidase inhibitors were shown to be an effective 

pharmacological treatment of PD/AG (Tyrer & Shawcross, 1988). 

 

3.2 Defensive reactivity in PD/AG and NPS receptor gene variations 

 Results of animal studies but also molecular genetic studies in humans denote an 

involvement of NPS and its corresponding receptor in the mediation of anxiety disorders. 

On the one hand, NPS is characterized by an anxiolytic like profile demonstrated in several 

mouse models (Duangdao, Clark, Okamura, & Reinscheid, 2009; Leonard et al., 2008; 

Rizzi et al., 2008; Vitale et al., 2008; Xu et al., 2004). On the other hand, NPS was shown 

to provoke increased arousal levels (Leonard et al., 2008; Rizzi et al., 2008; Xu et al., 

2004). As NPS is highly expressed in the amygdala (Xu, Gall, Jackson, Civelli, & 

Reinscheid, 2007), the key structure of the neuronal survival network regulating defensive 

behavior, a strong involvement of NPS in mediating defensive reactivity can be expected. 

 An A/T single nucleotide polymorphism of the NPS receptor gene is of functional 

relevance with the T allele increasing NPS receptor expression and NPS efficacy at the 

NPS receptor about tenfold (Bernier et al., 2006; Reinscheid et al., 2005). Homozygosity 

for the less active A allele was found to be underrepresented in male Japanese PD patients, 

suggesting the higher active T allele, associated with pronounced anxiolytic but increased 

arousal capability, to be a risk factor in PD (Okamura et al., 2007). However, sample size 

in this study was too small to obtain valid results. The purpose of our analysis was to 

examine the supposed association in a sufficient large patient sample. Additionally, we 

investigated the effect of genotype on the defensive reactivity of the patients during the 

BAT. Especially, we quested for evidence of increased arousal markers expected in 

carriers of the supposed risk allele. 
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 In a first step we confirmed a significant association of the T allele with PD in two 

large, independent case-control studies (overall patients N = 766), including 205 patients 

also examined in the BAT. However, the observed association was restricted to female 

patients. Confirming our assumptions, the T allele was related to an overall increased heart 

rate during the exposure to the test chamber but also during an anticipation and even 

recovery period reflecting an enhanced sympathomimetic activation and consequently a 

higher arousal level. However, heart rate further increased from anticipation to exposure 

and decreased again during recovery, which was unaffected by genotype. Genotype 

modulated symptom reports as well, but showed a different pattern: While A and T allele 

carriers did not differ in reported intensity of panic symptoms during anticipation and 

recovery, T allele carriers reported significantly more intense symptoms during acute 

exposure. During the entrapment situation in which heart rate further increased over an 

already elevated baseline level, patients characterized by the T allele were more prone to 

experience panic symptoms. Again, these genetic findings are in line with a central tenant 

of the learning perspective of PD (Bouton et al., 2001). In this view, internal cues of 

elevated arousal increase the chance of experiencing another panic attack once they have 

been associated with aversive responses. Supporting our observation, further analyses 

revealed significantly increased anxiety sensitivity in female PD patients carrying the risk 

genotype. Anxiety sensitivity conceptualizes the extent to which individuals believe that 

symptoms of arousal and anxiety cause adverse somatic, social, or psychological 

consequences (Reiss, Peterson, Gursky, & McNally, 1986). Anxiety sensitivity was shown 

to predict fear responses during challenges, which are designed to elicit symptoms of 

increased arousal (Rabian, Embry, & MacIntyre, 1999; Richards & Bertram, 2000; 

Sturges, Goetsch, Ridley, & Whittal, 1998; Telch, Silverman, & Schmidt, 1996) and, 

additionally, was regarded as a risk factor for developing PD after periods of stress 

(Schmidt, Lerew, & Jackson, 1999). These results underline the supposed linkage between 

the NPS receptor gene variant, autonomic arousal, and PD etiology. 

 

3.3 Defensive reactivity in PD/AG and MAO-A gene variations 

 The enzyme MAO-A predominantly metabolizes serotonin and norepinephrine and, 

therefore, plays a critical role in the turnover of the substances. Due to the proven 

effectiveness of selective serotonin re-uptake inhibitors (SSRIs) in the treatment of PD/AG 

(Otto, Tuby, Gould, McLean, & Pollack, 2001) it has been already suggested that a 
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dysbalance of the serotonergic system plays a critical role in the etiology of PD (Coplan, 

Gorman, & Klein, 1992) whereas a normalization achieved by psychotropic substances 

like SSRIs and MAO-A inhibitors causes a reduction in PD related symptomatology. 

 A common genetic variation, a 30-bp variable of tandem repeats (VNTR) 

polymorphism in the promoter region of the MAO-A gene (MAOA-uVNTR), has already 

been associated with PD in females (Deckert et al., 1999; Maron et al., 2005; 

Samochowiec et al., 2004). In more detail, female long allele carriers (3.5, 4, and 5 repeats) 

were shown to be overrepresented in the patients groups as compared to healthy controls 

while the proportion of short allele carriers (2 and 3 repeats) was reduced in this group. In 

relation to short alleles the long alleles go along with an increase of the transcription of 

MAO-A (Deckert et al., 1999; Sabol, Hu, & Hamer, 1998) resulting in a decreased 

availability of monoamine within in the central nervous system as suggested by studies on 

cerebrospinal fluid monoamine levels (Jönsson et al., 2000). Importantly, serotonin plays a 

central but dual role in the initiation of defensive behavior (Graeff & Del-Ben, 2008; 

Graeff & Zangrossi, 2010). Whereas serotonin enhances pre- and post-encounter stages 

associated behaviors in animal models (e.g. inhibitory avoidance) paralleled by increased 

activations in the amygdala and medial prefrontal cortex, it inhibits behavior linked to 

circa-strike (e.g. one-way escape), affected by a decreased activation of the dorsal PAG. 

Therefore, we hypothesized that during the BAT PD/AG patients carrying the risk long 

allele of MAOA-uVNTR would show more circa strike associated behavior than short 

allele carriers. 

 Actually, we observed significant higher anxiety reports and heart rates during the 

exposure period of the BAT in long allele carriers (N = 220) compared to the patients 

carrying the short allele (N = 49), reflecting enhanced autonomic mobilization associated 

with lower distance to threat. Interestingly, all but one of 34 patients who reported to have 

a panic attack during exposure were carriers of the long allele variant (Reif et al., under 

revision). Possibly, the relatively decreased availability of central serotonin in long allele 

carriers results in an increased incidence of circa strike behavior due to a disinhibition of 

the dorsal PAG. An augmented disposition to experience panic attacks in long allele 

carriers might be a lucid explanation for the potential risk of developing a PD. 

 Further analyses revealed that the patients with the long risk alleles profited less 

from the exposure based CBT trial executed subsequently. Paralleling this results high risk 

allele carriers randomized to the wait list control group without any therapeutic 
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interventions did not benefit from repeated exposures to the BAT whereas patients 

characterized by the short allele did, as indicated by a significant increase of the tolerated 

duration of exposure. These observed effects of MAOA-uVNTR might rather be a result of 

an affected serotonin level in the brain than of an altered norepinephrine status. 

Norepinephrine is hypothesized to be involved in extinction learning, on which exposure 

as a key element in CBT is based (Mueller & Cahill, 2010). In line with animal research 

(K. Myers & Davis, 2007), there is evidence that adrenergic enhancers facilitate exposure 

based CBT in anxiety disorders (Powers, Smits, Otto, Sanders, & Emmelkamp, 2009; 

Soravia et al., 2006; de Quervain et al., 2011). The possible influence of MAO-A on the 

efficiency of extinction learning via modifying noradrenergic availability provides an 

explanation for the worse therapeutic outcome as well as for the diminished inhibitory 

learning during repeated BAT exposures in long allele carriers. 

 Taken together, we demonstrated that a common polymorphism located in the 

MAO-A gene is associated with differences in defensive reactivity in PD/AG patients. 

Supporting the learning perspective of PD (Bouton et al., 2001) the genetic variant 

previously identified as a risk factor for developing PD was observed to augment the 

occurrence of panic attacks and escape behavior. In addition, our observations might 

suggest an enhanced resistance to corrective learning experiences in risk allele carriers as 

indicated by a group specific lack of a reduction of avoiding and escaping behavior during 

repeated BAT exposures. Both effects may strengthen the learning mechanisms 

hypothesized to be involved in PD pathogenesis. Exteroceptive and interoceptive cues 

previously associated with the initial panic attack might trigger subsequent attacks in risk 

allele carriers more rapidly while simultaneously the opportunity to dissolve once 

established associations due to contradictory experiences is limited. 

 Summarizing the results presented so far, we demonstrated that patients suffering 

from PD/AG show strong defensive behavior during the exposure to a small, dark and 

closed test chamber. As this situation did not stimulate aversive reactions in healthy control 

subjects (unpublished observation) our findings highlight exaggerated defensive reactivity 

in PD/AG patients in this task. Furthermore, we found evidence that defensive reactivity in 

the explored patient sample was dynamically organized ranging from anxious 

apprehension to panic with increasing proximity of interoceptive threat as suggested by 

animal models. These data also support the learning perspective of PD. It is of particular 

clinical interest that patients differed substantially in their defensive reactivity. This 
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reflects large heterogeneity between patients although all of them received the principle 

diagnosis of PD/AG. The results of genetic analyses suggest that the observed 

discrepancies in defensive reactivity can in part be explained by different genetic 

dispositions. Importantly, observed genetic effects on defensive behaviors are in line with 

neurobiological models of PD and the results contribute to explain the impact of genetic 

variations previously associated with the disorder. Now, the objective has to be linking the 

differential dispositions regarding defensive reactivity in PD/AG patients to actually 

discussed mechanisms of exposure based psychotherapy. This approach permits to 

generate ideas why some patients do not benefit from state of the art interventions and 

allows developing effective treatment modifications. In the following, a theoretical 

framework is presented suggesting that fear activation is essential for positive effects of 

exposure based CBT. Finally, first results confirming the framework are described. 

4 Defense reactivity in PD/AG and exposure based CBT 

 Extinction learning is considered to be the central mechanism for exposure based 

therapies (Craske et al., 2008). During this process, organisms learn that a conditioned cue 

(CS), previously associated with an unconditioned stimulus (UCS), does no longer predict 

the UCS resulting in a decline of the behavioral response according the CS (Bouton, 

Westbrook, Corcoran, & Maren, 2006). Behavioral effects like spontaneous recovery, 

renewal, or reinstatement after extinction learning suggest that extinction learning does not 

erase the fear memory but rather involves a new learning process (K. M. Myers & Davis, 

2002), i.e. the organism learns that a cue no longer predicts the occurrence of aversive 

consequences. Therefore, the integration of corrective information into the fear memory of 

phobic patients was hypothesized to be a critical process during exposure therapy. This 

requires a full activation of the original fear memory structure, a set of propositions about 

stimulus, response and their meaning (Lang, 1979), achieved by exposing patients to 

phobic relevant cues (Foa & Kozak, 1986). Following these assumptions the initial 

intensity of imminent threat associated defensive activation during exposure, measured by 

subjectively and physiologic indices, should be sensitive to the success of exposure based 

treatment.  

Activating the fear memory by script driven imagery reliable elicits a fear response 

(Vrana & Lang, 1990). Interestingly, the intensity of the activated fear response varies 

across and within different diagnostic categories of the anxiety spectrum (Lang & 
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McTeague, 2009). Whereas specific phobia was associated with strong defensive reactions 

during imagining direct contact to phobic objects (e.g. spiders), patients suffering from PD 

with comorbid AG showed dampened reactivity to immediate threat stimuli (e.g. 

imagination of experiencing a panic attack). More refined analysis within the diagnostic 

categories show that defensive reactivity in PD patients decreased with increasing 

avoidance behavior and depression reflecting pronounced negative affectivity (McTeague, 

Lang, Laplante, & Bradley, 2011). In sum these observations confirm earlier assumptions 

that fear memory of PD/AG patients is less cue specific and with lower associative strength 

than in patients with specific phobia or PD without AG (Cook, Melamed, Cuthbert, 

McNeil, & Lang, 1988) resulting in a reduced amenability to exposure therapy (Lang, 

1985). Indeed, short-time therapy including massive exposure to phobic stimuli was shown 

to be highly successful in patients with specific phobia (Oest, Alm, Brandberg, & 

Breitholtz, 2001). In contrast, meta-analytic approaches revealed diminished efficacy for 

exposure based CBT in PD/AG patients compared to patients suffering from other anxiety 

disorders(Hofmann & Smits, 2008; Norton & Price, 2007). 

However, a quite substantial proportion of our PD/AG patients showed a clear 

specific fear response during the BAT including increased autonomic arousal up to the 

intensity of panic attacks and vigorous escape behavior. This cue specific response pattern 

should go along with a stronger activation of the fear memory structure as compared to 

patients showing anxious apprehension. Supposing that these patients were capable of 

processing relevant fear cues during exposure based treatment as well, patients who 

escaped during the BAT should benefit more than others from the therapeutic 

interventions. First therapy outcome evaluations indicated that a CBT variant suggested to 

be linked with higher fear activation during exposure exercises is more effective than 

another (Gloster et al., 2011; publication 5). Therapist-guided exposure showed a more 

pervasive, quicker and stronger therapeutic response than a CBT variant, during which the 

therapist planned and discussed exposure exercises but did not accompany the patients 

during the exposure tasks. Importantly, both variants contained exactly the same 

ingredients including psychoeducation and behavioral analyses of patient’s symptoms and 

coping behavior, interoceptive and in-situ exposures, progress reviewing and relapse 

prevention and differed only in the manner in which the exposure in-situ was implemented. 

As the assumed additive advantage of having a therapist present in the exercises is based 

on the assumption that the therapist ensures that patients enter the feared situation and fully 

activates her or fear during exposure without engaging any safety or avoidance behavior. 
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This initial finding from the MAC study demonstrates first evidence that pronounced fear 

activation during exposure exercises might facilitates treatment effectivity in PD/AG 

patients. This assumption has to be elaborate intensively in further analyses. Whether 

therapy outcome varies as a function of defensive reactivity during the BAT challenge – as 

would be suggested by the extinction model –is an open question and needs to be 

elaborated in future research. 

 

5 Summary and future directions 

 In summary, our observations in a large number of PD/AG patients suggest that 

defensive reactivity in the patients is dynamically organized. We have provided further 

evidence, that defensive behavior in humans is similarly organized as in other animal 

suggesting that translational research should help to further elucidate the neurobiological 

underpinnings of these behaviors. We assume that clinical entities constituting PD, namely 

panic attacks and anxious apprehension, reflect exaggerated and recurrent, even partly 

chronically occurring, but different defensive stages in usually innocuous contexts. 

Whereas a panic attack displays defensive behaviors during imminent interoceptive threat, 

anxious apprehension does indicate an aversive state during more distant threat. This idea 

is highly in line with the principles of the Research Domain Criteria project recently 

initiated by the NIMH. Summarizing the results of clinical neuroscience the instigators 

underlined, that mental disorders need to be conceptualized as disruption of adaptive 

behavior mediated by alterations in specific brain circuits. Confirming another basic 

assumption of this approach we observed a large heterogeneity in defensive reactivity 

between patients which all received the principle categorical diagnosis of PD/AG. These 

differences can be explained in part by differences in the genetic disposition. However, 

other factors that might determine defensive reactivity in this context (e.g., differences in 

the symptom profile, fear of suffocation, context of the first panic attack) need to be 

elaborated. As we expect an impact of different reactivity patterns on the efficacy of the 

different interventions tested in the clinical trial, it is comprehensible, why the “boundaries 

of these categories have not been predictive of treatment response” (Insel et al., 2010). 

Furthermore, we plan to examine the isolated effects of repeated exposure to the 

BAT in the wait-list control patients, as they did not get any therapeutic interventions 
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between the tasks. We expect to identify possible changes in defensive reactivity during 

the BAT which might reflect modulations of the fear memory caused by corrective 

learning experiences in a controlled environment. Additionally, we will investigate 

additive changes in BAT response patterns in the patients randomized to both active 

treatment groups. This might give further insights in the mechanisms associated with 

effective and long lasting treatments in PD/AG. The overall research network in which the 

BAT was implemented included the collection of a large number of variables derived from 

psychological, clinical, genetic and neurobiological investigations. Therefore, there will be 

many other opportunities to test predictions of the theoretical framework illustrated above.  

Last but not least, generalizability of our observations in PD/AG patients hast to be 

proven. Future investigations using disorder specific behavioral avoidance paradigms 

might be useful to elaborate the theory of exaggerated dynamic defensive reactivity in 

other anxiety disorders. On the other hand, different paradigms are necessary to elaborate 

differences in defensive reactivity in anxious patients and its linkage to CBT outcome. 

Identifying biological and psychological moderator variables on defensive reactivity might 

lead to a more personalized psychotherapy which would then possibly enhance overall 

effectiveness of such interventions. 
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Abstract 

Panic disorder with agoraphobia (PD/AG) is a prevalent mental disorder featuring a 

substantial complex genetic component. At present, only a few established risk genes exist. 

Amongst these, the gene encoding monoamine oxidase A (MAOA) is noteworthy given 

that genetic variation has been demonstrated to influence gene expression and monoamine 

levels. Long alleles of the MAOA-uVNTR promoter polymorphism are associated with 

PD/AG and correspond with increased enzyme activity. We have thus here investigated the 

impact of MAOA-uVNTR on therapy response, behavioral avoidance and brain activity in 

fear conditioning in a large controlled and randomized multicenter study on cognitive-

behavioral therapy (CBT) in PD/AG. The study consisted of 369 PD/AG patients, 288 of 

which genetic information was available for. Carriers of the risk allele had significantly 

worse outcome as measured by the Hamilton Anxiety scale (46% responders vs. 67%, 

p=0.017). This was accompanied by elevated heart rate and increased fearduring an 

anxiety-provoking situation, i.e. the behavioral avoidance task. All but one panic attack 

that happened during this task occurred in risk allele carriers and furthermore, risk allele 

carriers did not habituate to the situation during repetitive exposure. Finally, functional 

neuroimaging during a classical fear conditioning paradigm evidenced that the protective 

allele is associated with increased activation of the anterior cingulate cortex upon 

presentation of the CS+ during acquisition of fear. Further differentiation between high- 

and low-risk subjects at post-treatment was observed in the inferior parietal lobes 

suggesting differential brain activation patterns upon CBT. Taken together, we established 

that a genetic risk factor for PD/AG is associated with worse response to CBT and identify 

potential underlying neural mechanisms. These findings might govern how psychotherapy 

can include genetic information to tailor individualized treatment approaches.  
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Introduction 

The highly prevalent1 panic disorder (PD) comprises the lead symptoms of 

unexpected panic attacks leading to anticipatory anxiety, often going along with 

agoraphobic avoidance behavior (PD/AG). Almost twice as many women are affected as 

compared to men, and genetic studies suggest a considerable but polygenic heritable 

component, so that a common disease/common variant model is assumed2. As genome-

wide analyses, though providing support for novel candidates3, are underpowered, research 

on the genetics of PD/AG still relies on candidate gene studies. Most candidates either 

stem from animal studies (e.g., NPSR14or RGS25) or implicate genes involved in 

serotonergic neurotransmission, as selective serotonin re-uptake inhibitors and monoamine 

oxidase (MAO) inhibitors are effective in the pharmacological treatment of PD/AG6, 7. The 

MAO-A isoform predominantly metabolizes serotonin and norepinephrine, and is encoded 

by MAOA localized on Xp11.4-p11.3. Due to its crucial role in monoamine turnover, it is 

an attractive candidate gene for mental disorders. There are two forms of functional null 

mutants, Norrie’s disease8, 9 and Brunner’s syndrome10, both associated with behavioral 

abnormalities and aggression. Translational evidence in support of this perspective can be 

seen in the aggressive behavior observed in Maoa-knockout mice11.  

While highly penetrant variants such as Norrie’s disease and Brunner syndrome are 

very rare and thus cannot account for common mental disorders, there is also common 

genetic variation at the MAOA locus that is more likely to be associated with mental 

illness. The best described common genetic variation is a 30-bp variable number of tandem 

repeats (VNTR) polymorphism in the promoter region termed MAOA-uVNTR. “Long” 

alleles (3.5, 4, and 5 repeats) increase transcription as compared to “short” alleles (2 and 3 

repeats) as demonstrated by in vitro studies12, 13. Studies on cerebrospinal fluid monoamine 

levels support this finding, as the level of 5-HIAA is influenced by this polymorphism14. 

Regarding disease associations, there is an interesting sexual dimorphism. There are a 

number of studies showing that short repeats are associated with impulsive-aggressive 

behavior in males15-17. In contrast, long alleles are associated with panic disorder in 

females12, 18, 19.This phenomenon has been dubbed the “warrior vs. worrier-gene” 

dichotomy20, as different alleles of MAOA apparently are associated with aggression (low-

activity, males) as well as anxiety (high-activity, females).  

Attempts to understand the neural mechanisms linking altered gene expression to 

neural systems are manifold and demonstrated MAOA x environment effects and 
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heightened sensitivity to aversive experiences in short allele carriers21, accompanied by 

higher activity of the anterior cingulate cortex (ACC) during social exclusion22. Male 

MAOA-uVNTR 3-allele carriers exhibit volume reductions in amygdala and ACC, and 

show an increased volume of the lateral orbitofrontal cortex23. While there is considerable 

evidence for an association of MAOA-uVNTR with PD/AG, the mechanisms therein 

remain unknown. We here investigate patients from a large, controlled psychotherapy trial 

on PD/AG24, during which patients concurrently completed psychophysiological and 

neuroimaging paradigms. We were thereby able to examine potential mechanisms of 

disease more closely by testing the impact of the genotype on the outcome of 

psychotherapy (“therapygenetics”, as it has been coined recently; 25), and also to explore 

the functional associations between MAOA, PD/AG symptom-related behavior, neural 

networks and their plasticity during behavior therapy. 

 

Materials and Methods 

Multicenter study Mechanism of Action in CBT (MAC) 

The MAC multicenter psychotherapy study is a randomized controlled clinical trial 

on exposure-based cognitive behavioral therapy (CBT)for PD/AG. Embedded within the 

trial were experimental add-on studies on fear circuit mechanisms in PD/AG24. In total, n = 

369 patients of Caucasian origin met DSM-IV criteria for PD/AG, as assessed by the 

Composite International Diagnostic Interview. The therapy was manualized and 

administered in 12 twice-weekly sessions. Patients were randomized to either one of two 

active treatment groups differing exclusively in the presence (T+, N=163) or absence (T-, 

N=138) of the therapist during behavioral exposure or a wait-list-control group (N=68). 

Further details of the treatment procedure are described elsewhere24, 26.The study with all 

of its sub-projects was approved of by the respective local ethical committees and 

informed consent was obtained. 

Genotyping 

Among the 301 patients randomized to one of the active treatment conditions, 

genotype information on MAOA was available for 232 patients (N = 127 for T+, N = 105 

for T-). A further 51 patients assigned to the wait-list were also genotyped. MAOA-

uVNTR was genotyped using a previously published protocol12. Genetic studies on 
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MAOA-uVNTR are complicated by the fact that MAOA is localized on the X-

chromosome, and hence the status of heterozygous females is uncertain. As we here study 

the effect of MAOA-uVNTR in PD/AG where long alleles convey risk, heterozygous 

females carrying one 3.5, 4 or 5 risk allele were considered to be at risk and therefore 

grouped together with women carrying the 4/4 genotype and defined to belong to the “H” 

group. Women who were homozygous for 2 and 3 alleles or 2/3 heterozygous were defined 

to be in the “L” group. Males carrying the 2 or 3 allele were considered “L”, and males 

carrying the 3.5, 4 and 5 allele as “H”. Together, the risk “H” group consisted of 3.5, 4 and 

5 allele males, and 2/4, 3/4, 3.5/4, 4/4, and 4/5 females.  

Statistical analysis of treatment response 

Primary outcome measures investigated in the present study were the Hamilton 

Anxiety Scale (HAMA-A), the Clinical Global Impressions Scale (CGI), number of panic 

attacks and the Mobility Inventory – unaccompanied subscale (MI), which were assessed 

at baseline and post assessment. As in the clinical study, treatment response was defined as 

a reduction exceeding 50 % from baseline to post assessment on HAMA-A, a CGI score of 

“mild” or better, no panic attacks in the previous week, and MI < 1.826. All analyses were 

conducted with categorical versions of the outcomes (responders vs. non-responders). The 

baseline value of the respective outcome was adjusted for in logistic regression (unadjusted 

calculations yielded only slightly different results; data available on request) with the Wald 

Chi² test for the association with genotype. All analyses were conducted both for LOCF 

outcomes (N = 232) and completers at post-assessment (N=196), and they were run in the 

pooled data set (T+ and T- treatment) as well as for T+ and T- separately to test for any 

differences. 

Psychophysiological assessment in a behavioral avoidance test 

For 283 patients enrolled in the MAC study with genetic data, 269 patients were 

investigated during a standardized behavioral avoidance test (BAT) consisting of an 

exposure to a small, dark and closed chamber27. From this overall sample, 49 patients were 

homo- or hemizygous for the low-activity variant and were compared to the remaining 220 

patients. 47 of the 269 patients have been randomized to the wait-list control group. To 

analyze the effect of mere repeated exposure to the BAT (without additional effect of 

psychotherapy), these patients participated in the BAT two more times within six weeks 

without receiving further therapeutic interventions. 
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 During anticipation, patients sat in front of the chamber with the door open. During 

exposure, patients were locked in the chamber and instructed to stay as long as possible for 

a maximum time of 10 min. During recovery, patients again sat in front of the opened 

chamber. Patients could terminate BAT at any time; the tolerated duration of exposure was 

obtained as an index of behavioral fear response. After each BAT phase, patients were 

instructed to rate the intensity of experienced anxiety during the last period on a scale from 

1 to 10. Also they indicated whether they have experienced a panic attack. The 

electrocardiogram (ECG) was measured continuously during the whole procedure27.  

 To test effects of genotype on duration of exposure, we applied a model of variance 

including genotype as a between-subjects factor. To test the effect of genotype on 

experienced anxiety during the whole procedure in 241 non-avoiding patients, we applied a 

mixed-model analyses of variance including genotype as a between-subjects factor and 

block (anticipation vs. exposure vs. recovery) as a within-subjects factor. Heart rate in a 

subsample of 210 patients (ECG was not available in 31 patients) was analyzed using the 

same factorial design. To assess the impact of genotype on the exposure duration during 

repeated BAT in the wait-list group, a mixed-model analyses of variance including 

genotype as a between-subjects factor and time as a within-subjects factor was calculated.  

fMRI task and analysis (see also Supplemental Methods) 

Of the 89 patients from the MAC study assessed by fMRI, data sets of 29 patients 

were not analyzed. 49 patients received the active treatment and performed the clinical 

post-treatment assessment session (T2). Additional 9data sets then had to be excluded. For 

3 patients, no DNA could be obtained. Hence, n=39 datasets were available, of which8 

patients were homo- or hemizygous for the low-activity gene variant. A differential fear 

conditioning procedure28,29 was applied prior to treatment to probe neural correlates of fear 

acquisition and extinction learning. Importantly, when employing this differential 

conditioning approach, the CS+ elicits fear with increasing learning trials while the CS- 

(which is never followed by the US) usually acquires safety signal properties. Briefly, the 

task consists of familiarization (F), acquisition (A) and extinction (E). A partial 

reinforcement rate of 50 % was employed. Only those trials were analyzed during 

acquisition in which no US was delivered. fMRI brain images were acquired using 3T 

Philips Achieva, Siemens Trio and General Electric Healthcare scanners. MR images were 

analyzed using Statistical Parametric Mapping (SPM5; www.fil.ion.ucl.ac.uk). Functional 
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images were temporally and spatially aligned and normalized into a standard stereotactic 

space.  

At the single-subject level, realignment parameters were included as regressors into 

the model. The BOLD response for each event type (CS+ paired, CS+ unpaired, CS-, US) 

was modeled by the canonical hemodynamic response function within the framework of 

the general linear model. Each phase was separated into an early and a late part. Parameter 

estimates (ß-) and t-statistic images were calculated for each subject. A group analysis was 

performed by entering contrast images into a flexible factorial analysis. Low- and high-

activity groups were compared with regard to fear conditioning (CS+>CS-) during A and 

E. Estimated beta values from activation clusters were extracted for bar graph illustrations. 

For all analyses voxels with a significance level of P<0.005 uncorrected belonging to 

clusters with at least 142 voxels are reported. 

 

Results 

Influence of MAOA genotype on psychotherapy response 

For all variables, both completer and LOCF analyses were computed (Table 1). The 

low-risk (low-active) allele was associated with better therapy response as assessed by 

HAMA-A and CGI (the latter in the completer analysis only). In both analyses, females 

who carried the high-risk allele showed poorer therapy outcome both in self-reported 

anxiety (HAMA-A)and avoidance (MI).No significant influence of genotype on the 

number of panic attacks was found (not shown). No significant gene × treatment (T+ vs. T-

) interaction on any of the outcome variables were observed (not shown).  

 

Genetic modulation of exposure time and psychophysiological responses during the BAT 

 Panel A of Figure 1 shows mean exposure duration of patients randomized to the 

wait-list group as a function of time and genotype. Genotype significantly affected the 

avoidance and escape behavior after repeated exposure to the chamber. While duration of 

the exposure linearly increased for patients with the low-risk allele, patients carrying the 

high-active genotype did not profit from repeated exposure (Group x Time F(2,90) = 3.15, 
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p < .05), thus paralleling the results obtained of the primary outcome measures for the 

active treatment groups. 

In non-avoiding patients, mean heart rate and reported anxiety increased during the 

BAT from anticipation to exposure and decreased again during recovery showing that the 

BAT induced intense fear in this group. Importantly, genotype significantly modulated the 

response pattern described above. Panels Band C of Figure 1 show mean heart rate and 

mean reported anxiety as a function of genotype and BAT period. A significant overall 

higher heart rate was observed in the high-active group (Group F(1,208) = 4.05, p < .05; 

Fig.1B) during anticipation, exposure and recovery. Moreover, the high-active group also 

reported significantly more intense anxiety during exposure (Block x Group F(2,478) = 

3.15, p < .05; Fig. 1C). 34 patients reported panic attacks during exposure. Interestingly, all 

but one of these patients were carriers of the high-active variant, which was statistically 

significant (χ2 = 6.45, p = .01). 

  

fMRI analyses 

At T1,group differences with regard to the conditioned response (CS+>CS-) during 

the acquisition phase were found in the ACC, precuneus and the left parahippocampus 

(Fig. 2A). Bar graphs indicate that this interaction is predominantly driven by increased 

neural response to the CS+ in the low-active group at T1.For the effect of CBT on the 

conditioned response in the low- vs. high-active group(interaction “group” x “time” x 

“CS+>CS-“), we found activation of the bilateral inferior parietal lobes and the left 

precentral gyrus in the acquisition phase (Fig. 2B)as well as the right putamen with some 

extensions to the right insula in the extinction phase (Fig. 2C). Contrast estimates indicate 

that the significant interaction during acquisition is predominantly driven by an increase in 

activation in response to the CS+ after therapy (T2>T1) in the low-active group (Fig. 2B). 

With regard to the effect during extinction, contrast estimates indicate that a deactivation in 

response to the CS- at T1 in the low-active group, which disappeared at T2, mainly 

contributed to the significant interaction of activation in the putamen/insula (Fig. 2C). 

 

Discussion 
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Taken together, we demonstrated that patients with long MAOA risk alleles(causing 

higher activity of MAO-A) profited less from exposure-based CBT as reflected by lower 

response rates in a controlled, randomized trial. High-risk patients also reported more panic 

attacks, higher anxiety and elevated heart rate during exposure to a standardized BAT. 

Paralleling the results of the active treatment group, the risk allele carriers of the wait-list 

control group also profited less from repeated exposure to the BAT. Finally, fMRI 

scanning during a classical fear conditioning paradigm demonstrated that patients carrying 

the protective allele showed increased activation of the ACC as a response to the CS+ 

during acquisition before entering the study that was absent in high-risk allele carriers.  

Fear conditioning has been proposed to represent a core pathogenetic pathway in 

PD/AG30. The actual nature of the underlying learning deficit, including its neural 

substrates, has not yet been sufficiently determined. Previous studies show that PD patients 

exhibit impaired discriminatory learning and overgeneralization of fear as indicated by 

enhanced behavioral 31, 32and neural 33 responses towards safety cues (e.g. the CS-) in the 

subgenual cingulate, ventral striatum and extended amygdala, as well as in midbrain 

periaqueductal gray matter (PAG). In line with this, conditions of threat imminence (as 

probably induced by the US) have been shown to induce higher PAG activity, increased 

locomotor errors and subjective panic in healthy subjects34, 35.Present findings evidence an 

improved differentiation between CS+ and CS- after CBT in patients carrying the 

protective allele. Thus, absent modulation of brain activity related to the conditioned 

response (CS+>CS-) in the risk allele group could be interpreted within a framework of 

fear overgeneralization under subjective conditions of threat as a putative core 

characteristic of PD.  

There is a large body of evidence that short MAOA u-VNTR alleles are associated 

with impulsive-aggressive behavior and hence, this variant has been dubbed the “warrior 

gene” in contrast to the long variants, the so-called “worrier gene”20. MAO u-VNTR thus 

seems to be the result of balancing selection, suggesting an evolutionary role of MAO-A in 

regulating fear/anxiety and aggression. Increased aggression however might not be a 

baseline trait in short allele carriers, but rather occur in response to provocation21 

underscoring the role of threatening stimuli in emotional processing as modulated by 

MAOA. The interpretation of the above and our data is supported by an experiment where 

healthy controls were subjected to a social inclusion/exclusion paradigm22. Briefly, the 

design was that the participant was taking part in a ball tossing game with two other 
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players. After a while, the proband was “excluded” from the game. Most interestingly, 

MAOA short allele carriers had higher ACC activation during exclusion as compared to 

inclusion. When one now would conceptualize both “social exclusion” as well as the CS+ 

used in the present study to be an indicator of threat, short allele carriers seem to respond 

to such threat stimuli with increased ACC response. Our findings might therefore indicate 

that CBT changes the strategy in processing of threat cues in the low-active group from a 

more emotion-focused (involving the ACC, but also the PCC and hippocampus36) 

approach to a rather perceptual approach (‘parietal lobe’ 37). According to this 

interpretation, low-active patients learned to increase their effort to perceptual processes 

(‘no avoidance’) during CBT, instead of initiating emotional processes based on weak 

predictors of potential threatening events. 

Furthermore, norepinephrine is hypothesized to be involved in extinction learning, 

on which exposure as a key element in CBT is based38. In line with fundamental 

research39, there is evidence that adrenergic enhancers facilitate exposure-based CBT in 

anxiety disorders40-42. Our data show that PD/AG patients carrying long MAOA alleles 

(affected by decreased noradrenergic availability) failed to show inhibitory learning 

illustrated by unaltered behavioral fear responses during recurrent exposure to a fear 

eliciting situation (i.e., the BAT)while short allele carriers did not. This result is consistent 

with a possible influence of MAO-A on the efficiency of extinction learning via modifying 

noradrenergic availability and provides an explanation for the worse outcome in long allele 

carriers. This assumption is supported by fMRI data demonstrating a significant interaction 

of group and time during extinction. Previous fMRI experiments underline the role of fear 

extinction for the development of PD, e.g. anxious subjects exhibit an increased resistance 

to extinct fear responses43. Here, patients of the low-active group demonstrated a stronger 

modulation of activation in the right insular than the high-active group, indicating specific 

group differences and effects of CBT on extinction learning. 

On the other hand, long allele carriers were observed to have higher anxiety 

symptoms during exposure as well as increased overall heart rate in the BAT. This might 

be interpreted as increased autonomic arousal and also an increased innate predisposition 

towards “flight” behavior (as opposed to aggressive “fight” behavior in low-activity 

carriers). Given the proposed role of norepinephrine in the so-called defense reaction44, 

such a scenario seems quite conceivable. The high expressing MAOA allele leads to 

enhanced degradation of catecholamines resulting in lower levels of norepinephrine 
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available for synaptic transmission in the presynaptic neuron originating from the locus 

coeruleus. Given the role of locus coeruleus neurons in both integrating bodily perceptions 

like blood pressure and heart rate as well as regulating these, the autonomic effects seen in 

the BAT as a function of MAOA genotype seem quite plausible. Similarly, a further key 

neuroanatomical structure in regulating panic-like flight behavior upon proximal threat is 

the PAG, which, in the case of PD/AG, might also be directly activated upon input from 

the amygdala (and thereby would constitute part of LeDoux’s “low road to anxiety”45). 

Deakin and Graeff hypothesized that increased serotonin from the dorsal raphe normally 

blunts PAG response, while in PD either insufficient inhibition by the raphe or the locus 

coeruleus contributes to dysfunctional activation of the PAG leading to panic attacks46, 47. 

Again, also this mechanism might be accentuated in patients with the high-expressing 

MAOA allele decreasing the availability of serotonin. 

While this apparently complex model is hypothetical, it provides a framework how 

genetic variation of MAOA might predispose to dysfunctional “flight” behavior– i.e. panic 

attacks – by modulating serotonin and noradrenaline levels in neural networks involving 

the locus coeruleus, the raphe nuclei, the amgydala, and the PAG. The predisposition 

towards this behavioral pattern in risk allele carriers however might be less targetable by 

CBT; in contrast, CBT might better be suited to modulate the emotion-focused approach 

involving the ACC and “fight” behavior in low-activity MAO-A carriers.  

 Obviously, the model elaborated above only provides a starting point for further 

investigations on the role of MAO-A in PD/AG. Both neuroimaging, neurophysiological 

and “therapygenetic” data are correlative but not causal; however, our data benefit from 

coming from a large and controlled trial and from converging lines of evidence. Further 

research on this topic should incorporate refined neuroimaging paradigms to test our 

hypothesis on long MAOA alleles predisposing to flight behavior, pharmacoMRI studies on 

the effect of MAO inhibitors on these paradigms and animal studies modeling the human 

genetic variation by knocking down rather than knocking out Maoa in order to scrutinize 

the molecular and neurochemical sequelae of MAOA u-VNTR.  

Outlook 

 The ultimate goal in studies like ours is not only to delineate mechanisms of 

disease, but also to transfer this knowledge to the bedside. Such an individualized, 

genetically informed strategy might not only include pharmacogenomics studies (e.g., 
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using MAO inhibitors predominantly in long allele carriers) but rather tailor the 

psychotherapeutic approach to the patient. While short allele carriers might benefit more 

from exposure-based CBT, long allele carriers might rather profit from therapies focusing 

on dampening autonomic arousal and automatic flight response bolstered up by application 

of adrenergic enhancers. This opens up the avenue for personalized therapy in psychiatry 

governed by precisely defined biomarkers including genetic information and functional 

neuroimaging.  
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Supplemental methods: fMRI analysis 

fMRI task 

Four of the eight MAC study centers (Aachen, Berlin-Charité, Dresden, Münster) 

participated in the fMRI study and a total of 89 PD/AG patients consented were enrolled. 

Of the overall 89 patients assessed, data sets of 9 patients from the conditioning 

experiment were not analyzed due to drop-out prior /during the fMRI experiment (n = 2), 

exclusion due to re-diagnosis (no-PD/A; n = 1), color blindness or hearing problems (n = 

4) and low aversiveness ratings for the US (< 4; n = 2). Of the remaining 80 patients data 

sets at T1 we had to exclude 20 (25%) due to insufficient data quality. Of the remaining 60 

data sets of the patients group, 49 received the active treatment and performed the clinical 

post treatment assessment session (T2). Additional 7 data sets had to be excluded due to 

missing fMRI data (n=5; 10.2%) and insufficient data quality at T2 (QA, n=2; 4.1%). For 

three further patients, no DNA could be obtained. Hence, n = 39 datasets were available for 

the present analysis. From the remaining sample of 39 patients, 8 patients were homo- or 

hemizygous, respectively, for the low activity gene variant and were compared to the 

remaining 31 patients. Patients were scanned after inclusion into the clinical trial, but prior 

to treatment onset. A differential fear conditioning procedure (see 28, 29) was applied to 

probe neural correlates of fear acquisition and extinction learning. Importantly, when 

employing this differential conditioning approach, the CS+ elicits fear with increasing 

learning trials while the CS- (which is never followed by the US) usually acquires safety 

signal properties. Briefly, the task consists of three phases (familiarization (F) with 16 

trials; acquisition (A) with 32 trials and extinction (E) with 16 trials of the CS+ and CS-, 

respectively) with colored geometric stimuli as CSs (presentation time: 2000 ms with a 

variable inter-stimulus interval (ISI) of 4.785 to 7.250 sec) and an aversive auditory tone as 

US (white noise; 100 ms) which was pseudo-randomly paired with the CS + 

(counterbalanced between subjects). A partial reinforcement rate of 50 % was employed. 

Only those trials were analyzed during acquisition in which no US was delivered (16 per 

condition) to avoid overlap with activation directly related to the presentation of the US 

(CS+ unpaired). 

 

fMRI data acquisition and analysis 
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fMRI brain images were acquired using 3T Philips Achieva (Aachen and Münster), 

3T Siemens Trio (Dresden) and 3T General Electric Healthcare (Berlin) scanners. Five-

hundred and five transaxial functional images (EPI, 64x64, 30 slices interleaved, FOV= 

230, voxel size = 3.6 x 3.6 x 3.8 mm, TE = 30 ms, TR = 2 sec; total duration: 16:49 

minutes), covering the whole brain and positioned parallel to the intercomissural line (AC-

PC) were recorded. MR images were analyzed using Statistical Parametric Mapping 

(SPM5; www.fil.ion.ucl.ac.uk) implemented in MATLAB 6.5 (Mathworks Inc., Sherborn, 

MA). The first five volumes were discarded to minimize saturation effects. A high-pass 

filter (128-sec cutoff period) was applied to remove low frequency fluctuations in the 

BOLD signal. To correct for different acquisition times, we shifted the signal measured in 

each slice relative to the acquisition time of the middle slice using a slice interpolation in 

time. Functional images were temporally and spatially aligned and normalized into a 

standard stereotactic space (2 x 2 x 2 mm). To account for differences in intrinsic 

smoothness between scanners an iterative smoothness equalization procedure was 

performed.  

At the single-subject level, realignment parameters were included as regressors into 

the model to account for movement artifacts. The BOLD response for each event type 

(CS+ paired, CS+ unpaired, CS-, US) was modeled by the canonical hemodynamic 

response function within the framework of the general linear model to analyze brain 

activation differences related to the onset of the different stimuli. Familiarization (F), 

acquisition (A) and extinction phase (E) was modeled separately. Each phase was 

separated into an early and a late part, resulting in 16 regressors (F: early CS-, late CS-, 

early CS+, late CS+, US; A: early CS-, late CS-, early CS+ without US (CS+ unpaired), 

late CS+ unpaired, CS presented with the US (CS+ paired), behavioral assessment). 

Parameter estimates (ß-) and t-statistic images were calculated for each subject.  

A group analysis was performed by entering contrast images into a flexible factorial 

analysis, in which subjects are treated as random variables. Low and high active groups 

were compared with regard to fear conditioning (CS+>CS-) during acquisition and fear 

extinction (extinction phase). We tested (1) for group differences at t1 and (2) changes 

after CBT for both experimental phases separately. Therefore, we computed the interaction 

of the factors genotype group (L vs. H) and contrast CS+/CS- at T1 (H (CS+ unpaired> 

CS-) > L (CS+ unpaired> CS-) and vice versa) and the interaction of the factors group, CS 

and time (T1 (H (CS+ unpaired> CS-) > L (CS+ unpaired> CS-) > T2 (H (CS+ unpaired> 



Seite 94 
 

 
 

CS-) > L (CS+ unpaired> CS-) and vice versa). The model included gender, age and an 

fMRI center as covariate of no interest. Estimated beta values from activation clusters were 

extracted for bar graph illustrations (see Fig. 2). 

A Monte Carlo (MC) simulation of the brain volume of the current study was 

conducted to establish an appropriate voxel contiguity threshold 

(https://www2.bc.edu/~slotnics/scripts.htm). Assuming an individual voxel type I error of 

P < 0.005, a cluster extent of 142 contiguous resampled voxels was indicated as sufficient 

to correct for multiple voxel comparisons at P < 0.05. Thus, for all analyses voxels with a 

significance level of P < 0.005 uncorrected belonging to clusters with at least 142 voxels 

are reported. 
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Tables 

 

Table 1: Effect of MAOA genotype (dichotomized in high [H] and low [L] activity as 

defined in Methods) on therapy response in panic disorder. HAMA, Hamilton Anxiety 

scale; CGI, clinical global impression; LOCF, last observation carried forward. 
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Figures 

 

Figure 1: Objective and subjective measures in the Behavioral Avoidance Task in relation 

to MAOA-uVNTR genotype. Mean duration of exposure during repeated BAT procedures 

in wait-list control patients (panel A), as well as mean heart rate (panel B) and mean 

reported anxiety (panel C) during anticipation, exposure and recovery of the initial BAT 

procedure. 
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Figure 2: Differential brain activation patterns during fear conditioning due to 

MAOA genotype. Panel A, Interaction of group (high/low) and condition (C+ 

unpaired/C-) in the acquisition phase at T1.For the interaction of group and condition 

during extinction at T1 we found activation comprising parts of the ACC (MNIx,y,z: -2, 

52, -2; t=3.71; Number of voxels=1272),precuneus (MNIx,y,z: 16, -52, 26; t=4.15; 

Number of voxels=1308) and parahippocampalgyrus (MNIx,y,z: -34, -40, -6; t=3.20; 

Number of voxels=303; all clusters are corrected for multiple comparisons at p < . 05 using 

a cluster threshold procedure [MC]). Bar graphs illustrate the contrast estimates (arbitrary 

units; a.u.) for activation of the ACC for both groups, conditions and time points of the 

acquisition phase. B, Interaction of group (low/high), time point (T1/T2) and condition 

(C+/C-) during acquisition phase. For the interaction of group, time point and condition 

during acquisition we found activation cluster within the parietal lobe (right IPL: 

MNIx,y,z: 34, -64, 48; t=3.81; Number of voxels=231; left IPL: MNIx,y,z: -50, -18, 56; 

t=3.27; Number of voxels=225; left IPL: MNIx,y,z: -34, -54, 42; t=3.22; Number of 

voxels=225; all clusters are corrected for multiple comparisons at p < . 05 using a MC). 

Bar graphs illustrate the contrast estimates of the right IPL. C, Interaction of group 

(low/high), time point (t1/t2) and condition (C+ unpaired/C-) during extinction. For 

the interaction of group , time point and condition during extinction, we found an 

activation cluster comprising parts of the right putamen and the right posterior insula 

(MNIx,y,z: 32, -16, -4; t=4.60; Number of voxels=537). Bar graphs illustrate the contrast 

estimates of activation. Two additional cluster not shown in the figure were located in the 

right parietal lobe (MNIx,y,z: 16, -70, 62; t=3.49; Number of voxels=149) and the 

precentralgyrus (MNIx,y,z: 58, 0, 44; t=3.28; Number of voxels=184; all clusters are 

corrected for multiple comparisons at p < . 05 using MC). Error bars indicate the standard 

error of the mean in all cases. 
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Publikation 1: Gloster et al. (2009) 
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in einem der beteiligten Zentren (Greifswald)      50% 

Interpretation der Daten          20% 

Entwurf des Manuskriptes          20% 

Revision des Manuskriptes          20% 
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