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Kuush Puhhrrrr… 

- Darth Vader 

Star Wars: Episode VI - Return of the Jedi 
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Abstract 

The processing of signals from within the body is crucial for maintaining the bodily 

homeostasis, i.e., to ensure adequate body regulation and survival. Previous research has 

recognized the dysfunctional perception of these interoceptive signals as an important hallmark 

of anxiety and health problems, when even slight and harmless body sensations are interpreted 

as threat and, thus, elicit excessive defensive response mobilization. Even though the scientific 

interest in processing interoceptive threats has strongly increased recently, the defensive 

dynamics to these sensations have rarely been studied. Therefore, the present thesis targeted to 

study the behavioral and psychophysiological dynamics of defensive mobilization to 

interoceptive threats, as well as the moderating effect of dispositional factors and biobehavioral 

markers.  

The first study compared defensive responses to an approaching external, predator-like 

threat relative to an approaching internal respiratory threat in dependence on the threat 

proximity and the opportunity to avoid the threat on subjective, autonomic, respiratory, 

behavioral and brain-circuit levels of expression. Moreover, the second study analyzed 

defensive response mobilization during repetitive avoidance of culminating dyspnea for a 

detailed analysis of initiating and maintaining active avoidance behavior. Extending these 

findings, the third study investigated the role of maximal voluntary breath-holding time as a 

possible predictor of excessive defensive threat mobilization to an approaching interoceptive 

threat, depending on whether it is possible to avoid such threat or not. Finally, in the fourth 

study predictors of active defensive behavior (i.e., escape/active avoidance) during culminating 

dyspnea, evoked by increasing inspiratory resistive loads, were examined.  

The first Study revealed common patterns of defensive response mobilization to 

approaching external and internal threats, irrespective of a given opportunity of avoidance, and 

a threat-specific respiratory mobilization when the respiratory was inevitable. The data from 

the second study demonstrated that the initiation of first avoidance behavior from culminating 
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dyspnea is accompanied by indications of response preparation and physiological arousal. 

Those indications diminished with repetitive avoidance, suggesting a developing habituational 

avoidance behavior. Moreover, the third study demonstrated that excessive defensive response 

mobilization to an approaching inevitable respiratory threat was predicted by shorter maximal 

voluntary breath-holding time, but not when the threat was avoidable. Finally, the fourth study 

revealed that higher anxiety sensitivity and shorter breath-holding time were associated with 

active avoidance behavior during culminating dyspnea.  

Taken together, the present data suggest that defensive mobilization for exteroceptive and 

interceptive threats are comparable, as well as varying as a function of threat proximity and the 

behavioral repertoire at hand. Moreover, the proneness to fear body sensations and reduced 

distress tolerance during breath-holding are associated with elevated anxious response to the 

sensation of dyspnea. Therefore, these dispositional and biobehavioral factors might facilitate 

the switch from culminating body sensations into defensive action. This, if performed in a 

habitual way, might increase the risk for the emergence of psychopathology, as persistent 

avoidance behavior might be developed.  
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Zusammenfassung 

Körpersignale sind elementar für die Aufrechterhaltung der Homöostase, um eine 

angemessene Regulation der Körperfunktionen zu ermöglichen und dadurch das Überleben des 

Individuums sicherzustellen. Die bisherige Forschung hat die dysfunktionale Wahrnehmung 

dieser interozeptiven Signale als wichtigen Bestandteil vieler Angst- und Gesundheitsprobleme 

identifiziert, da selbst leichte und harmlose Körperempfindungen eine übermäßig starke 

Mobilisierung von Abwehrreaktionen hervorrufen können. Obwohl das wissenschaftliche 

Interesse im Bereich Interozeption in den letzten Jahren stark gewachsen ist, wurde die 

Dynamik von Abwehrreaktionen als Reaktion auf Körpersignale bisher selten untersucht. 

Daher hatte die vorliegende Arbeit zum Ziel, die verhaltensbezogene und psychophysiologische 

Dynamik der defensiven Mobilisierung auf bedrohliche interozeptive Signale sowie den 

moderierenden Effekt von Dispositionsfaktoren und biologisch determinierten Verhaltens-

markern zu untersuchen. 

In der ersten Studie wurden die Dynamik defensiver Mobilisierung auf eine näher-

kommende externe Bedrohung mit einer sich annähernden interozeptiven respiratorischen 

Bedrohung, in Abhängigkeit von der Bedrohungsnähe und der Möglichkeit zur Vermeidung, 

bezüglich subjektiver, autonomer und respiratorische Reaktionen sowie Gehirnreaktionen und 

defensiver Reflexe verglichen.  

In der zweiten Studie wurde die Mobilisierung defensiver Reaktionen während der 

wiederholten Vermeidung von kulminierender Atemnot analysiert, um eine detaillierte Analyse 

der Initiierung und Aufrechterhaltung von aktiven Vermeidungsverhalten zu erhalten.  

Die dritte Studie unterweiterte die diese Befunde, indem die Rolle der maximalen 

freiwilligen Luftanhaltezeit als möglicher Prädiktor für eine übermäßig starke Mobilisierung 

defensiver Reaktionen bei der Konfrontation mit einer näherkommenden respiratorischen 

Bedrohung, in Abhängigkeit der Möglichkeit zur Vermeidung, untersucht wurde.  
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In der vierten Studie wurden die Prädiktoren für aktives Abwehrverhalten (d.h., Flucht oder 

aktive Vermeidung bei Konfrontation) während ansteigender Atemnot, induziert durch in der 

Intensität ansteigende inspiratorische Atemwiderstände gefolgt von einer kurzen Blockade der 

Einatmung, untersucht. 

Die erste Studie zeigte, dass das defensive Aktivierungsmuster bei der Mobilisierung 

defensiver Reaktionen auf eine sich annähernde externe Bedrohung annähernd vergleichbar ist 

wie bei einer interozeptiven respiratorischen Bedrohung, unabhängig von der Möglichkeit zur 

Vermeidung. Zusätzlich wurde eine bedrohungsspezifische Mobilisierung des respiratorischen 

Systems bei der Konfrontation mit der unvermeidbaren interozeptiven Bedrohung beobachtet.  

Die Daten der zweiten Studie demonstrierten, dass die Initiierung von erstmaligen 

Vermeidungsverhalten als Reaktion auf ansteigende Atemnot begleitet wird von 

physiologischen Erregungen als Indikatoren für eine Reaktionsvorbereitung. Diese 

verschwanden zunehmend mit wiederholter Vermeidung, was auf die Entwicklung von 

gewohnheitsmäßiger Vermeidung hindeutet.  

Darüber hinaus wurde in der dritten Studie gezeigt, dass eine übermäßig starke 

Mobilisierung von Abwehrreaktionen auf eine sich annähernde unvermeidbare respiratorische 

Bedrohung durch eine reduzierte maximale freiwillige Luftanhaltezeit vorhergesagt wird, 

jedoch nicht, wenn die Möglichkeit zur Vermeidung vorhanden war.  

Die vierte Studie demonstrierte, dass eine höhere Angstempfindlichkeit und eine kürzere 

freiwillige maximale Luftanhaltezeit mit aktivem Vermeidungsverhalten während ansteigender 

Atemnot assoziiert sind. 

Zusammenfassend zeigen die vorliegenden Daten, dass die defensive Mobilisierung für eine 

exterozeptive Bedrohung vergleichbar ist wie für eine interozeptive Bedrohung und sich in 

Abhängigkeit der Bedrohungsnähe und dem verfügbarem Abwehrrepertoire ändert. Darüber 

hinaus ist die Neigung, Erregungsgefühle zu befürchten und eine verminderte Belastungs-

toleranz während freiwilligem Luftanhaltens mit einer erhöhten Angst- und Furchtreaktion auf 
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Atemnotsymptome verbunden. Daher könnten diese dispositionellen und biologischen 

Verhaltensmarker bei der Konfrontation mit ansteigender Atemnot aktives Vermeidungs-

verhalten begünstigen und, wenn sie gewohnheitsmäßig ausgeführt werden, kann sich 

persistentes Vermeidungsverhalten entwickeln, welches das Risiko für die Entstehung einer 

ernsthaften psychischen Erkrankung erhöht. 
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1 Introduction 

Fear and anxiety are closely related and they are adaptive responses to a threat to ensure our 

everyday survival (Barlow, 2002). More detailed, the term ‘fear’ describes an emotional 

response to a real or perceived threat, which is associated with “surges of autonomic arousal 

necessary for fight of flight, thoughts of immediate danger, and escape behavior” (American 

Psychiatric Association, 2013). Moreover, fear increases in intensity with increasing proximity 

of a threat and decreases when the threat has vanished. In contrast, ‘anxiety’ is defined as an 

emotional response to an anticipated or future threat, often accompanied with “muscle tension 

and vigilance in preparation for future danger and cautious or avoidance behaviors” 

(American Psychiatric Association, 2013). Thus, anticipation of and confrontation with feared 

stimuli or situations elicit defensive responses, which are mediated by defensive brain circuits 

(Barlow, 2002; Fanselow, 1991; Lang, Bradley, & Cuthbert, 1997). 

While the origin of most threats are external (e.g., predator, wild animal, gun, heights), 

threats might also arise from inside our body (e.g., suffocation), as various studies showed that 

healthy individuals react with elevated fear and anxiety to body symptoms (Benke, Hamm, & 

Pané-Farré, 2017; Eifert, Zvolensky, Sorrell, Hopko, & Lejuez, 1999; Eke & McNally, 1996; 

Kroeze et al., 2005; McNally & Eke, 1996; Norton, Pidlubny, & Norton, 1999; Rassovsky, 

Kushner, Schwarze, & Wangensteen, 2000; Shipherd, Beck, & Ohtake, 2001; Zvolensky & 

Eifert, 2001). Moreover, it has been discussed that stronger defensive mobilization to body 

sensations might facilitate the emergence of an anxiety-related disorder or mental comorbidities 

in individuals with respiratory diseases (Vogele & von Leupoldt, 2008; von Leupoldt & Kenn, 

2013), as defensive mobilization increases the proneness for safety seeking behavior and 

thereby might establishing persistent avoidance behavior (Leyro, Zvolensky, & Bernstein, 

2010; Salkovskis, 1991). 

According to the present diagnostic system DSM-5 (American Psychiatric Association, 

2013), excessive and persistent fear and anxiety, as well as related behavioral disturbances are 
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core features of all anxiety disorders (e.g., in social phobia, panic disorder, or specific phobia). 

Thus, patients with anxiety disorders are characterized by excessive defensive mobilization 

towards the feared threat, along with increased safety seeking behavior, which can, 

unfortunately, result into high individual suffering as well as high socio-economic costs due to 

increased health care utilization or absences from work (Barlow, 2002). 

Etiological models of anxiety disorders propose that defensive survival circuits in the brain 

might be dysregulated or hypersensitive, thus eliciting excessive and dysfunctional defensive 

mobilization even in response to safe stimuli (Bouton, Mineka, & Barlow, 2001; Lang, Davis, 

& Öhman, 2000; Lang, McTeague, & Bradley, 2016). In fact, patients with anxiety disorders 

often react with an exaggerated defensive response to low threat-levels or threats at great 

distance (Hamm, Richter, & Pané-Farré, 2014; Perusini & Fanselow, 2015), possibly 

contributing to dysfunctional and persistent avoidance behavior (Hamm et al., 2016).  

Therefore, it is assumed that persons with pathological anxiety and fear of body sensations, 

as observed in patients with panic disorder (PD), are reacting to actually innocuous body 

sensations (e.g., palpitations, pounding heart or accelerated heart rate) or early indicators of an 

anticipated critical somatic state (e.g., dyspnea signaling suffocation) with a strong or even 

excessive activation of the defensive system (Bouton et al., 2001; Hamm et al., 2014; Hamm et 

al., 2016; Meuret et al., 2011).  

The present thesis targets to reveal new insights about the dynamics of defensive 

mobilization to interoceptive threats. Moreover, this work aimed to examine personality and 

biobehavioral factors that might contribute to excessive defensive activation, thus increasing 

the risk for the emergence of anxiety-related disorders. In the first part of this work, I will give 

an overview of the current knowledge about defensive mobilization and their possible role in 

the etiology of pathological fear and anxiety. Afterwards, I will present experimental studies of 

this thesis and discuss them in light of the current literature, as well as their application to the 

Threat Imminence Model of panic disorder.  
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2 Defensive mobilization  

2.1 Threat imminence 

Animal studies revealed that defensive behavior varies as a function of threat proximity, 

whereby the predator’s imminence is determined by physical, temporal, and probabilistic 

closeness (R. J. Blanchard & Blanchard, 1989b; Fanselow, 1994, 2018; Fanselow & Lester, 

1988; Perusini & Fanselow, 2015). Based on these findings, models like the Threat Imminence 

Model (Fanselow, 1994) distinguish three sequential stages of defensive behavior, dependent 

on the perceived threat distance (see table 1): 

Table 1: The three different stages of the Threat Imminence Model (adapted from Fanselow (2018)). 

Predator imminence continuum in the rat 

Stage Pre-encounter Post-encounter Circa-strike 
Location Home/nest Foraging ground Prey and predator in contact 
Examples of defensive 
behavior primarily based 
on rodents 

Stretched approach, 
nocturnal feeding 

Freezing, Thigmotaxis Protean escape attempts 
from predator, vocalization, 
biting, thrashing 

Emotional experience Anxiety Fear Panic 

Pre-encounter. If an animal enters an environment in which it has previously encountered 

a predator without having detected it yet, the prey typically shows preemptive behavior with 

antipredator defensive strategies, like generalized hypervigilance, withdrawal, and passive 

avoidance (R. J. Blanchard & Blanchard, 1989a; Fanselow, Lester, & Helmstetter, 1988). As 

the anticipated predator is at furthest distance, the mode of pre-encounter defense is more 

permissive of flexibility to allow to, or more precisely, to be able to go into a potential 

dangerous situation (Mobbs, Hagan, Dalgleish, Silston, & Prévost, 2015) by reducing the 

probability of encounter (Fanselow, 2018). 

Post-encounter. When the prey-animal encounters a predator, attention is immediately 

shifted towards the threat (attentive immobility) and motoric movement stops simultaneously 

in order to evade detection. The engaged motor freezing is typically associated with 

bradycardia, while defensive reflexes are potentiated and arousal increases with increasing 

threat proximity (Campbell, Wood, & McBride, 1997; Fanselow, 1994; Marks, 1987; 

Timberlake, 1993). At this stage, the prey-animal will try to prevent an attack by displaying 
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active avoidance (Mowrer, 1940), or, as the predator approaches, preparing for defensive fight 

or flight (R. J. Blanchard, Flannelly, & Blanchard, 1986; Cannon, 1915; Fanselow, 1994; 

Marks, 1987). 

Circa-strike. When it comes to contact with a predator, defensive fight or flight reactions 

are engaged, depending on the opportunity of escape routes and the species-specific defensive 

strategy (Marks, 1987). Under attack, prey-animals are typically displaying protean escape 

behavior, as in rodents for example vocalization, biting or thrashing (Perusini & Fanselow, 

2015), or they are showing an extreme fear reaction – tonic immobility or faint – in which they 

are ‘paralyzed with fear’ when an escape is not possible (Marks, 1987; Volchan et al., 2017). 

Thus, the animal gets unresponsive to intense or even painful stimulation (e.g., when the 

predator bites), and some species are rolling themselves in a tight motionless ball (e.g., 

armadillo Tolypeutes conurus or pangolin Manus tricuspis). In doing so, they are trying to 

increase their possibility to escape and survive, as most predators are triggered by prey-

movements and refuse to eat dead meat (e.g., hawks) (Marks, 1987). 

2.2 Defense Cascade Model 

 Lang et al. (1997) proposed the Defense Cascade Model, in which they transferred the 

theoretical assumptions of the Threat Imminence Model from animals to humans, based on 

findings about physiological reactions during picture viewing. Their theoretical deductions are 

presented and discussed in the following. 

Pre-encounter defense – generalized hypervigilance. At early stages of defense, when the 

threat is not encountered and the emotional intensity is low, the sympathetic and 

parasympathetic systems are co-activated and perceptual processing is facilitated, indicated by 

orienting reactions (heart rate deceleration, moderate electrodermal increases, and inhibition of 

the defensive startle reflex). 

In line with the theoretical assumptions of Lang et al. (1997), the pre-encounter stage can 

be conceptualized as anxiety, as individuals are at a sustained state of apprehension about a 
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potential future threat, resulting into worry, (muscle) tension, feeling of insecurity and threat-

nonspecific hyper-vigilance, as well as hesitating or avoidance behavior (American Psychiatric 

Association, 2013; Barlow, 2000; Davis, Walker, Miles, & Grillon, 2010; Perusini & Fanselow, 

2015; Rachman, 2004). In contrast to the proposed model from Lang et al. (1997), individuals 

who experience anxiety are already showing a non-specific potentiation of the startle reflex in 

a context where they are told that an aversive electric shock might be delivered (Grillon, Baas, 

Lissek, Smith, & Milstein, 2004; Schmitz & Grillon, 2012). This indicates a greater activation 

of the defensive system in an unpredictable/uncertain situation in comparison to a neutral/safe 

situation. Moreover, this effect is pronounced and more generalized in individuals with an 

anxiety disorder than in healthy controls (Grillon, 2002). For example, Vietnam veterans with 

posttraumatic stress disorder (PTSD), in contrast to healthy control individuals, reacted with a 

potentiated startle reflex in experimental periods, when they were not at risk of receiving an 

electric shock. This baseline-effect was only observed after the patients with PTSD had 

associated the initially innocuous context of the experimental setting as threatening in a second 

experimental session (Grillon, Morgan, Davis, & Southwick, 1998). Similar findings were 

reported when individuals with high spider fear were told that pictures of spiders might be 

presented during an experiment (Michalowski et al., 2009; Michalowski, Pané-Farré, Löw, & 

Hamm, 2015). The resulting generalized hypervigilance even to safety cues is discussed to be 

a key symptom of anxiety disorders (Davis & Whalen, 2001; Weymar, Keil, & Hamm, 2014), 

which might have its origin in an increased afferent sensory gaining during pre-encounter 

defense (Bublatzky & Schupp, 2012; Cornwell, Garrido, Overstreet, Pine, & Grillon, 2017; 

Weymar et al., 2014; Weymar, Bradley, Hamm, & Lang, 2013). 

Post-encounter defense – defensive freezing. When the threat is encountered and 

‘approaches’, or the emotional intensity increases, the defensive system gets more activated and 

the sympathetic system dominates. Thereby, the electrodermal activity and the startle response 

increase with increasing threat proximity and/or emotional intensity. Additionally, to prepare 
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for fight or flight, the heart rate switches from an initial deceleration (orienting and freezing) to 

acceleration in order to be able to compensate for the higher metabolic rate during defensive 

action.  

In accordance, as soon as a real or perceived threat is detected, fear along with a fear 

response is elicited (Davis et al., 2010; Perusini & Fanselow, 2015; Schmitz & Grillon, 2012). 

Thereby, humans are often experiencing the feeling of fear and are mostly able to report the 

specific fear trigger (e.g., spider) (American Psychiatric Association, 2013). The response 

pattern is typically characterized by selective attention towards the threat, accompanied by 

motoric freezing and a heart rate deceleration (‘fear bradycardia’, Campbell et al., 1997), a 

surge of autonomic arousal (necessary preparation for fight or flight behavior), thoughts of 

immediate danger (realistic up to unrealistic catastrophizing concerns), and escape behavior 

(American Psychiatric Association, 2013).  

Importantly, the characteristics of defensive mobilization during fear depend on the 

proximity of the threat. For example, participants who are anticipating an electric shock are 

showing an increasing potentiation of the startle reflex with increasing proximity to the delivery 

of the aversive stimuli (Grillon, Ameli, Merikangas, Woods, & Davis, 1993). New insights 

about the dynamics of defensive mobilization were revealed by Löw, Weymar, and Hamm 

(2015). They developed an instructed fear paradigm in which they used symbols increasing in 

size to create an impression of approach. The symbols signaled whether the participants were 

safe or whether they could get an electric shock at the end of the symbol-looming. Moreover, a 

colored frame displayed if the threat-delivery could be avoided or not. When participants were 

confronted with an approaching inevitable threat, motoric and attentive freezing was observed, 

as indicated by fear bradycardia, an increase in skin conductance and a potentiated startle reflex. 

Remarkably and in contrast to these results, when participants had the opportunity to avoid an 

‘attack’, the pattern of defensive response mobilization substantially changed to response 

preparation, along with an attentional shift. Most importantly, and irrespective of an avoidance 



18 
 

opportunity, both defensive response mobilizations were more pronounced with increasing 

proximity of threat.  

Circa-strike defense – fight/flight or fright. When the threat is most imminent (perceived or 

spatial proximity), or at a certain threshold of emotional intensity, fight-or-flight behavior is 

engaged, depending on the available behavioral options (Marks, 1987).  

Indeed, most humans are reporting feelings of panic and an immediate urge to escape at this 

stage of defensive responding (American Psychiatric Association, 2013). If escape is possible, 

the patterns of defensive mobilization change dramatically in comparison to an inevitable 

threat, as autonomic arousal sharply increases, along with a strong heart rate acceleration. 

Moreover, defensive reflexes are strongly inhibited and attention is shifted towards fight or 

flight by blocking action-irrelevant stimuli (Löw et al., 2015; Löw, Lang, Smith, & Bradley, 

2008; Wendt, Löw, Weymar, Lotze, & Hamm, 2017) in order to facilitate successful escape or, 

at least, increasing the probability to do so. These results are in line with findings from animal 

research (e.g., see Fanselow, 1994) and therefore indicating a global mechanism. 

In contrast, when escape is not an option, as the life-threatening danger is inescapable (e.g., 

during a traumatic event, like a physical or sexual assault), defensive strategy switches to tonic 

immobility (TI; also described as fright or immobility under attack) to reduce the risk of harmful 

injuries and a continuing attack in order to increase the probability to survive (Schauer & Elbert, 

2010; Volchan et al., 2011; 2017). This defensive strategy is characterized by profound motor 

inhibition and relative unresponsiveness to external stimuli, which is mostly experienced by 

patients with PTSD during the initial traumatic event. Those individuals reported that they had 

the urge to move while they find themselves ‘locked-in’ as they were involuntarily immobilized 

by their defensive system (see Volchan et al., 2011). 

2.3 Defensive brain network 

The processing of threat-related stimuli and thus, the orchestration of defensive responses 

along the continuum of threat proximity and the behavioral options at hand to ensure survival, 

is mediated by defensive brain circuitry (Johnson, Federici, & Shekhar, 2014; LeDoux, 2012; 
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Maren, 2007). These circuits have been extensively studied in animals and humans (for 

overviews see for example Fanselow, 1994; Perusini and Fanselow, 2015; LeDoux, 2012; 

LeDoux and Pine, 2016). Especially the amygdala, the anterior cingulate cortex (ACC), the 

anterior insula, the ventromedial prefrontal cortex (vmPFC), and the periaqueductal gray (PAG) 

have been identified as important anatomical structures in mediating anxiety and fear responses 

(Bandler & Shipley, 1994; Benarroch, 2012; Fullana et al., 2015; Sehlmeyer et al., 2009).  

In general, when a threat is distant, neural activity is increased in the vmPFC and the lateral 

amygdala (LA), mediating avoidance behavior (Mobbs et al., 2007; 2009; for an overview see 

Maren, 2007 and figure 1). In the case that the threat approaches, a shift in neural activity from 

forebrain to midbrain has been observed, whereas cerebral blood flow increased especially in 

the central amygdala (CeA) and the PAG (for an overview see Maren, 2007). Previous findings 

suggest that this shift might be mediated in the amygdala, and be controlled by the prefrontal 

cortex (Martinez et al., 2013; Moscarello & LeDoux, 2013). Moreover, this results in a dynamic 

recruitment of brain areas along the threat imminence continuum, as explained in the following: 

 
Figure 1. The shift in human brain activity from forebrain to midbrain with increasing threat proximity (adapted 
from Maren, 2007). 
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Pre-encounter. As previously described, general hypervigilance and precaution behavior 

are elicited during pre-encounter defense. At this early defensive stage, neural activity has been 

found to be increased in the primary sensory areas and the bed nucleus of the stria terminalis 

(BNST) to facilitate the processing of external stimuli (see Cornwell et al., 2017; Rosen and 

Schulkin, 1998). Thus, individuals are capable of faster threat detection as well as faster 

initiation of avoidance or escape behavior. As this process is activated by threat stimuli, 

contexts, or situations (uncertain or unsafe), the rate of false alarm reactions is increased 

according to the motto: ‘better safe than sorry’. Moreover, initiated escape or passive avoidance 

at this stage are mediated by projections from the LA via the basal amygdala (BA) to the nucleus 

accumbens in the ventral striatum (see also figure 2; Amorapanth, LeDoux, and Nader, 2000; 

Ramirez, Moscarello, LeDoux, and Sears, 2015).  

 
Figure 2. Pathways underlying defensive reactions and defensive actions (adapted from LeDoux and Pine, 2016; 
Davis and Whalen, 2001; and Fanselow, 1991). Abbreviations: LA, lateral amygdala; CeA, central amygdala; BA, 
basal amygdala; NAcc, nucleus accumbens, PFC, prefrontal cortex; PAG, periaqueductal gray; vl, ventrolateral; 
dl, dorsolateral. 

Post-Encounter. The neural circuits mediating post-encounter and circa-strike defense 

have been extensively studied (for an overview see LeDoux, 2000). Using Pavlovian fear 

conditioning, animal research revealed that threat-cues are capable of activating the LA, and 
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that activation is directly or indirectly (via the BA) conveyed to the CeA, which controls the 

expression of defensive responses (behavior, autonomic, endocrine and somatic reflexes) 

(LeDoux, 2000). In order to do so, the CeA is targeting anatomical structures in the brainstem 

and the hypothalamus to effectively respond to danger, depending on the threat proximity and 

the behavioral repertoire at hand.  

Especially the PAG has been identified as an important anatomical structure in controlling 

defensive behavior during post-encounter and circa-strike defense (for a meta-analysis and 

review see Linnman, Moulton, Barmettler, Becerra, and Borsook, 2012). The ventrolateral part 

of the PAG (vlPAG) is activated by the CeA during post-encounter defense, interrupting 

ongoing behavior (motoric freezing), promoting attentive freezing, as well as potentiating 

defensive reflexes like the startle reflex (Gross & Canteras, 2012; Hamm, 2015; Tovote, Fadok, 

& Luthi, 2015), and decelerating the heart rate (fear-bradycardia; Bandler, Keay, Floyd, and 

Price, 2000).  

Circa-strike. If the threat is most imminent, defensive response will change from defensive 

freezing to action (e.g., fight, flight, active avoidance), mediated by a switch from the vlPAG 

to the dorsal part of the PAG (dlPAG; de Oca, DeCola, Maren, and Fanselow, 1998; Fanselow 

and Poulos, 2005). This circa-strike defense mobilization is accompanied by a general 

discharge of the sympathetic nervous system (Cannon, 1932). 

2.4 Interoception – the possible threat from inside 

Previous research has mainly focused on defensive mobilization to external threats. 

However, as the scientific interest on signals from inside the body increased recently (Khalsa 

et al., 2017; Khalsa & Lapidus, 2016), the knowledge about interoceptive threats expands.  

In general, interoception refers to the perception of the physiological condition of the body 

and is vital for maintaining the bodily homeostasis (Craig, 2002; Khalsa et al., 2017). Bodily 

disturbances, such as dyspnea (air hunger, breathlessness) can elicit adaptive behavior to regain 

homeostatic balance in order to ensure survival (Craig, 2002, 2009; Strigo & Craig, 2016) as 
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well as evoking defensive response mobilization (Alius, Pané-Farré, von Leupoldt, & Hamm, 

2013; Benke, Alius, Hamm, & Pané-Farré, 2018; Pané-Farré et al., 2015; Richter et al., 2012). 

The dysfunction of interoception has been recognized by previous research as a central 

component of different mental health conditions, including anxiety disorders (Khalsa et al., 

2017). Thus, besides the important life-saving and maintaining function of interoception, 

excessive fear and anxiety in response to recurrent or chronic experiences of interoceptive 

signals (e.g., dyspnea), along with related dysfunctional behavioral changes, can cause great 

individual suffering as well as high socio-economic costs. This is the case as in mental disorders 

(e.g., PD), or in various somatic diseases (e.g., asthma, chronic obstructive pulmonary disease 

(COPD); Barlow, 2002; Dalal, Shah, Lunacsek, and Hanania, 2011; Lehrer, Feldman, Giardino, 

Song, and Schmaling, 2002; Wittchen and Jacobi, 2005). 

Moreover, already small and harmless interoceptive signals are capable of eliciting strong 

defensive behavior in order to prevent potentially life-threatening risks (e.g., suffocation, 

critical somatic state; Acheson, Forsyth, and Mosley, 2012; Bouton et al., 2001; Cort, Griez, 

Buchler, and Schruers, 2012; Pappens, Vandenbossche, Van den Bergh, and Van Diest, 2015). 

Especially, elevated defensive mobilization to the perception of interoceptive threats has been 

considered as an important etiological factor for PD (Briggs, Stretch, & Brandon, 1993; Klein, 

1993; Preter & Klein, 2008; Vickers & McNally, 2005), and for somatic symptom disorders 

(Olatunji et al., 2014; Thomson & Page, 2007), as well as for mental co-morbidities in 

individuals suffering from different somatic diseases (Elsenbruch et al., 2010; Fond et al., 2014; 

Vogele & von Leupoldt, 2008; von Leupoldt, Chan, Esser, & Davenport, 2013; von Leupoldt 

& Kenn, 2013; Zaman et al., 2016). The extend of the defensive response is determined by the 

individual believes about the consequences and the fear of the body sensation (Alius et al., 

2013; Pané-Farré et al., 2015; Smits, Tart, Rosenfield, & Zvolensky, 2011), and they also 

mediate the impact on the perception of sensations and behavior (e.g., physical activity, 

avoidance; Smits et al., 2011). 
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2.5 Neurobiological dynamics of interoception 

Previous research has tried to shed light on the defensive network which is involved in the 

detection and orchestration of defensive mobilization to interoceptive signals that might 

indicate danger to the body’s integrity (Craig, 2002, 2009; Schenberg et al., 2014; Schimitel et 

al., 2012; Strigo & Craig, 2016).  

In case of dyspnea, where the threat is arising in the respiratory system, the defensive 

network seems to be linked to a much wider network of respiration. Following the analysis from 

Evans (2010) and his proposed cortico-limbic model for respiratory sensorimotor integration, 

there are two distinguishable sub-networks. The first network is for volitional control of 

breathing and is mediated within motor cortical, supplement-motor areal, cerebellar, and 

subcortical regions. The second network has been extensively discussed to be crucial for 

processing dyspnea (Hayen, Herigstad, & Pattinson, 2013), and, moreover, for processing of 

emotions in general (Holzschneider & Mulert, 2011; Paulus, 2008; Sehlmeyer et al., 2009). 

This second network is mediated by a cortico-limbic network, consisting of the anterior insula, 

ACC, PAG, and the amygdala. 

Interestingly, the neurobiological dynamics of defensive mobilization to an interoceptive 

threat that is approaching or culminating might be comparable with those to an exteroceptive 

threat (von Leupoldt et al., 2009). In fact, discrete projections from the vmPFC to different 

columns in the PAG have been found to mediate defensive responses (e.g., freezing or 

fight/flight) to both exteroceptive and interoceptive threats (for reviews see Bandler et al., 2000 

and Faull, Subramanian, Ezra, and Pattinson, 2019).  

Moreover, as the anticipation or the perception of dyspnea can evoke anxiety and/or fear, 

the insula, the ACC, and the amygdala are discussed for the processing of these arousing and 

motivational relevant emotions (Adolphs et al., 2005; Phillips, Drevets, Rauch, & Lane, 2003; 

Takahashi et al., 2008; Vogt, 2005). Therefore, the anterior insula seems to play a central role 

in the integration and representation of interoceptive signals (e.g., dyspnea), as well as for the 
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regulation of the internal state (Cameron, 2009; Craig, 2002; Davenport & Vovk, 2009; 

Oppenheimer & Cechetto, 2016; Saper, 2002). Interestingly, this region has been found to be 

hyperactive in patients with anxiety (e.g., PD) or mood disorders (e.g., depression), possibly 

indicating increased interoceptive awareness due to altered interoceptive states (Craig, 2002; 

Craig, 2009; Paulus & Stein, 2010). Additionally, the anterior insula has found to be stronger 

activated in healthy individuals with high anxiety during the anticipation of a respiratory 

challenge that evoke unpleasant and potentially threatening body symptoms (Holtz, Pané-Farré, 

Wendt, Lotze, & Hamm, 2012). Moreover, the right mid-insula was found to be associated with 

sympathetic arousal, heart rate increase, and cardiorespiratory sensation (Hassanpour et al., 

2018). Furthermore, new insights about the neurobiological dynamics during culminating and 

escalating dyspnea were presented in a talk by Krause (2017; unpublished data). He and his 

colleagues adapted and transferred the experimental design from Benke et al. (2017) into the 

MRI-environment. They recruited women with low or high suffocation fear (tendency to fear 

suffocation-associated stimuli; Radomsky, Rachman, Thordarson, McIsaac, and Teachman, 

2001) and asked them to participate in a respiratory challenge of increasing inspiratory 

resistance (individually adjusted) and a subsequent short forced breath-holding task. During the 

respiratory challenge, Krause (2017; unpublished data) found dynamic changes in the areas of 

the proposed networks from Evans (2010), including the ACC, the anterior insula, the PAG, 

the amygdala, and, additionally the vmPFC. Moreover, they observed a shift from forebrain to 

midbrain with culminating dyspnea, along with respiratory adjustment and increased reported 

fear. In contrast to the low suffocation fear group, persons with high suffocation fear terminated 

trials prematurely, reported significantly higher fear, and reacted with elevated skin 

conductance during the forced breath-holding. Moreover, they showed a stronger forebrain-to-

midbrain shift, along with increased activation of the right anterior insula. In contrast, the group 

of low suffocation fear showed successively increasing activation in the vmPFC and the ACC. 

These findings suggest that higher suffocation fear is associated with elevated activation of the 
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defensive brain circuits to respiratory threats, which might facilitate avoidance behavior. 

However, the concrete neurobiological and physiological defensive mechanisms, especially of 

avoidance behavior, in response to a culminating respiratory threat, remain to be elucidated. 
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3 Experimental studies of defensive responses to interoceptive signals  

3.1 Comparable defensive response mobilization to external and internal threats 

As previously described, anxiety and fear in the face of an external threat (e.g., predator or 

criminal) are organized along a dimension as they change from one to another, depending on 

the perceived threat imminence and the available behavioral repertoire at hand. Additionally, 

and importantly, survival-relevant threats can also arise from inside the body. For example, 

suffocation-like experiences of dyspnea (e.g., evoked by inhalation of CO2, increased 

respiratory loading or blocked inspiration) are eliciting defensive mobilization across species 

(Alius, Pané-Farré, Löw, & Hamm, 2015; Berquin, Bodineau, Gros, & Larnicol, 2000; 

Blechert, Wilhelm, Meuret, Wilhelm, & Roth, 2010; Leibold et al., 2013; Schimitel et al., 2012; 

Teppema et al., 1997; von Leupoldt et al., 2009; Winter, Ahlbrand, Naik, & Sah, 2017). 

Moreover, even early indicators of respiratory distress are capable of evoking comparable 

adaptive defensive responses, as observed for exteroceptive threats (Fullana et al., 2015; Milad 

& Quirk, 2012).  

Recently, Krause et al. (2017) demonstrated that the patterns of dynamic defensive 

mobilization to an approaching interoceptive and exteroceptive threat are comparable. They 

adapted the instructed fear paradigm from Löw et al. (2015) and included an additional 

interoceptive threat as a third condition – a forced breath holding that evoke dyspnea by 

culminating CO2. Thus, three different symbols indicated whether an external threat (electric 

shock – highly annoying, but not painful), an interoceptive threat (forced breath holding – 

individually adjusted to 40 % of individual maximal voluntary breath holding time after 

expiration, minimum 15 s), or a safe condition. Moreover, each trial consisted of a cascade of 

five looming stages (duration per stage 2000 ms), whereas each stage started with the 

presentation of a colored frame (blue or yellow; 500 ms). While the frame remained on the 

screen, a white symbol (e.g., circle, star, or triangle) appeared in the center of the frame (1500 

ms). With each stage, the symbol increased in size in order to create an impression of approach 



27 
 

towards the participant. Importantly, the color of the frame indicated whether the participants 

had the opportunity to avoid the threat delivery by a fast button-press after the most proximal 

threat-cue or not. After the last stage, the frame disappeared and thereby signaled the participant 

that they had to press the button in the active/avoidable conditions. Thus, irrespective of the 

condition, the symbol remained alone on the screen for 1000 ms (response window in the 

active/avoidable conditions). Afterwards, the threats in the inevitable conditions were delivered 

in 50 percent of the trials (electric shock after 500 ms of the response window (symbol only); 

forced breath holding was manually started by the experimenter at the end of the first expiration 

after the response window). In contrast, a computer algorithm dynamically adjusted the time 

window for successful avoidance behavior in the avoidable conditions to also targeting a 

delivery rate of 50 percent for each threat. Overall, fifty-three healthy students participated the 

study and the final sample consisted of 48 participants.  

In line with previous findings (Löw et al., 2015), they observed an increasing potentiation 

of blink magnitudes with increasing proximity of the inevitable exteroceptive threat, as well as 

a strong bradycardia and an increase in skin conductance level. Moreover, the N100 amplitude, 

as evoked by the startle probe, increased while the inevitable external threat approached, 

indicating higher general alertness. The same dynamic pattern of post-encounter freezing was 

observed for an approaching inevitable interoceptive threat. In contrast, when participants could 

avoid the interoceptive or the exteroceptive threat by a fast button-press, blink magnitudes, and 

probe-evoked P3 amplitudes were substantially suppressed with greater proximity of the 

response generation, while heart rate strongly accelerated. This suggests a mechanism to 

facilitate the action by focusing attention towards the fight or flight response and blocking 

action-irrelevant stimuli, supported by an increased sympathetic activation. Interestingly, 

defensive responses to external and interoceptive threats only differed on the level of 

respiration, as minute ventilation only strongly increased during the anticipation of an inevitable 

interoceptive threat and decreased when active avoidance was possible. At the same time, 
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minute ventilation was not modulated by an inevitable or avoidable external threat. This 

possibly has an important implication for the understanding of the etiology of anxiety disorders, 

especially the PD, and for understanding mental comorbidities in individuals with respiratory 

diseases (e.g., COPD, Asthma), as already a distant threat, i.e., the cue, which does not evoke 

respiratory discomfort, might trigger a false suffocation alarm (Klein, 1993; Preter & Klein, 

2008, 2014).  

Taken together, this study revealed mostly comparable dynamics of defensive response 

mobilization to interoceptive and exteroceptive threats during post-encounter freezing and 

circa-strike action. However, these results did not answer the questions if and how defensive 

response mobilization is modulated by repeated avoidance performance.  

3.2 The change of defensive responses during repeated avoidance behavior  

The evolutionary function of avoidance and escape behavior is to ensure survival (Marks, 

1987), as it allows an individual to adapt to changing environmental conditions as well as to 

protect itself from a life-threatening situation (Cain & LeDoux, 2008; Hamm & Weike, 2005). 

However, a wide spectrum of mental disorders, especially anxiety disorders, are characterized 

by excessive avoidance or safety behavior in order to prevent a confrontation with or 

termination of exposure to a perceived threat (American Psychiatric Association, 2013; Craske 

et al., 2009; Krypotos, Effting, Kindt, & Beckers, 2015). Unfortunately, these maladaptive 

behaviors (e.g., taking medication, avoiding crowded places or arousing activities) are 

persistent as they are consistently elicited by threat-related cues (e.g., phobic objects or body 

sensations). Moreover, they are inflexible when they are performed through the expected 

negative outcomes while the environmental conditions may have changed (Dickinson, 1985; 

LeDoux, Moscarello, Sears, & Campese, 2016). A key component in the maintenance of 

anxiety disorders is that patients with persistent avoidance behavior prevent themselves from 

disconfirming their central concerns about the consequences of a specific situation. Thus, as a 

result of avoidance behavior, the extinction of previously learned association between a threat-
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signaling cue and an associated threat might be prevented (Barlow, 2002; Craske et al., 2008; 

Helbig-Lang & Petermann, 2010; Mineka & Zinbarg, 2006).  

In order to prevent the development of an anxiety disorder, it is crucial to understand the 

mechanism of emerging avoidance behavior. Data from animals and humans suggest that fear 

might initiate instrumental avoidance behavior and get less important for its maintenance 

(Campese et al., 2016; LeDoux & Pine, 2016; Solomon, Kamin, & Wynne, 1953; Vervliet & 

Indekeu, 2015). Interestingly, there is evidence that reactive fear responses (i.e., freezing) are 

mediated by the amygdala, whereas the prefrontal cortex (i.e., infralimbic prefrontal cortex) 

coordinates instrumental defensive action by inhibiting the amygdala (Martinez et al., 2013; 

Moscarello & LeDoux, 2013). Thus, it is possible that avoidance behavior can become 

amygdala-independent when it is performed repeatedly, and thus, lose its adaptive function 

(Campese et al., 2016; LeDoux et al., 2016).  

New insights about the dynamics of spontaneous avoidance learning have been revealed by 

Benke, Krause, Hamm, and Pané-Farré (2018), using a respiratory challenge with successively 

increasing dyspnea. First, inspiratory resistive loads (IRLs) were presented to the participants 

and they had to rate the intensity and unpleasantness of each IRL. After an IRL was rated as 

maximally tolerable, three IRLs were selected (previously rated as producing slight [1st IRL], 

moderate [2nd IRL] and maximally tolerable [3rd IRL] unpleasantness). These three IRLs were 

presented each for 60 s in an ascending order, immediately followed by a breathing occlusion 

(15 s) as the ultimate respiratory threat and a recovery phase (30 s). This sequence was repeated 

eight times and the participants had the opportunity to press a button to terminate each trial 

prematurely. Overall, 69 healthy individuals participated in the experiment, whereas 24 

participants terminated the exposure more than once. While most participants initially 

terminated during the ultimate respiratory threat, they successively terminated earlier in order 

to avoid being exposed to the breathing occlusion.  
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The first termination was preceded by a strong surge in autonomic arousal and reported 

anxiety, as well as by a strong inhibition of the startle reflex and the probe evoked P3-

component right before the avoidance action. This indicates preparation for the defensive 

action. In contrast, autonomic arousal alleviated with repetitive termination and thus, no 

physiological indication of the response generation for performing the avoidance behavior 

could be observed anymore. In comparison, no indication of any defensive response 

preparation, nor any changes in physiological response patterns were observed for the matched 

controls (matched for age, sex, and level of suffocation fear, who never terminated any trial) at 

all, only an increase in anxiety levels with repeated exposure. The pattern of active response 

preparation prior to the first termination are in line with data from Krause et al. (2017) and Löw 

et al. (2015). Interestingly, the same pattern has been observed in patients with PD when they 

escaped entrapment during a standardized behavioral avoidance test, as well as right before a 

panic attack (Hamm et al., 2016; Richter et al., 2012).  

With each repetition, participants terminated the exposure at lower threat levels to avoid the 

ultimate respiratory threat, accompanied by alleviation of the defensive response pattern. These 

results are in line with previous research (Krypotos, Effting, Arnaudova, Kindt, & Beckers, 

2014; Solomon et al., 1953; Solomon & Wynne, 1954), as, for example, a decrease in 

autonomic arousal was observed during avoidance learning (Boeke, Moscarello, LeDoux, 

Phelps, & Hartley, 2017; Delgado, Jou, LeDoux, & Phelps, 2009; Lovibond, Saunders, 

Weidemann, & Mitchell, 2018; Vervliet & Indekeu, 2015). Thus, in this study slight dyspnea 

might have become an indicator for the upcoming ultimate respiratory threat and therefore 

avoidance behavior was successively initiated at lower intensity levels (Lovibond, 2006; 

Pappens, Smets, Vansteenwegen, Van den Bergh, & Van Diest, 2012). Unfortunately, when 

slight interoceptive sensations are resulting in avoidance behavior in order to prevent an 

anticipated threat, individuals are unable to re-evaluate the learned dysfunctional association to 

disconfirm their central concerns (Craske, Hermans, & Vansteenwegen, 2006; Craske, Treanor, 
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Conway, Zbozinek, & Vervliet, 2014; Vervliet, Craske, & Hermans, 2013). Thus, this 

maladaptive behavior can get manifested. However, the question arise which factors contribute 

to the occurrence of individually performed avoidance behavior.  

3.3 Prediction of excessive defensive response mobilization and avoidance behavior 

to internal threats 

As previously demonstrated, internal and external threats are eliciting mostly comparable 

adaptive defensive responses (Krause et al., 2017) to ensure survival (Marks, 1987; Strigo 

& Craig, 2016). However, the adaptive response may become dysregulated as threat associated 

cues, which are at great distance (e.g., spider) or are at low symptom level (e.g., slight body 

symptom) might be perceived as a threat and thus lead to strong or even excessive defensive 

mobilization. For example, persons who suffer from anxiety disorders or cardiopulmonary 

diseases are prone to react with excessive anxiety and defensive arousal to even benign 

respiratory signals (American Psychiatric Association, 2013; Hamm et al., 2014; Parshall et al., 

2012). Individuals with anxious apprehension about body symptoms and strong fear reactions 

typically show “preventive” avoidance behavior, as they evade situations or contexts which are 

associated with these symptoms (e.g., drinking caffeine or physical activities), as well as slight 

interoceptive signals (e.g., mild dyspnea), that might indicate a potential culmination of feared 

symptoms into a critical somatic state (Barlow, 2002; Craske & Barlow, 1988; Craske, Rapee, 

& Barlow, 1988; Hamm et al., 2014). In the case of a confrontation with the feared symptoms, 

individuals react with strong defensive mobilization, facilitating flight or avoidance behavior 

(Barlow, 2002; Richter et al., 2012). Excessive avoidance behavior to respiratory signals as a 

result of excessive defensive mobilization might be an important etiological factor for PD, and 

more generally for mental comorbidities in individuals with respiratory diseases (Bouton et al., 

2001; Hamm et al., 2016; Klein, 1993; Vogele & von Leupoldt, 2008; von Leupoldt & Kenn, 

2013).  
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In order to find predictors for these maladaptive defensive mobilization, the maximal 

voluntary breath-holding time (mvBHT) has been discussed as a biobehavioral marker 

(Asmundson and Stein, 1994; Eke and McNally, 1996; McNally and Eke, 1996). During breath-

holding, endogenous CO2 accumulates, thus evokes unpleasant respiratory symptoms. 

Therefore, the duration of mvBHT is discussed to reflect the (in-)tolerance of the increasing 

levels of CO2 and the accumulating sensation of dyspnea (Zvolensky & Eifert, 2001). 

According to Klein’s false suffocation alarm theory (Klein, 1993), shorter mvBHT might 

indicate higher CO2 sensitivity of a suffocation alarm monitor system. Thus, defensive 

responses (e.g., panic or hyperventilation) are prompted at smaller changes in CO2-levels to 

prevent potential suffocation. Indeed, healthy persons were found to display longer mvBHT 

than patients with PD (Asmundson & Stein, 1994; Zandbergen, Strahm, Pols, & Griez, 1992), 

and it has been demonstrated that persons with PD more frequently reported a panic attack after 

a breath-holding challenge as patients with other anxiety disorders (Nardi et al., 2003). 

Moreover, higher frequency of PAs in patients with PD during a respiratory challenge is 

associated with shorter mvBHT (Masdrakis, Markianos, Vaidakis, Papakostas, & Oulis, 2009). 

In line with this, Krause, Benke, Hamm, and Pané-Farré (Under review) demonstrated that 

mvBHT is predicting defensive response mobilization during increasing proximity of an 

anticipated interoceptive threat by examining healthy individuals with short and long mvBHT, 

using the experimental design from Krause et al. (2017). Replicating previous findings (Krause 

et al., 2017), Krause et al. (Under review) demonstrated that startle response magnitudes 

potentiated with increasing proximity of the inevitable exteroceptive threat, indicating freezing, 

and that they were strongly inhibited right before the action to avoid threat delivery, indicating 

preparation for escape. Moreover, this defensive reflex mobilization was comparable for both 

mvBHT groups, regardless of the behavioral repertoire at hand. Also, when participants had the 

opportunity to avoid the approaching interoceptive threat, Krause et al. (Under review) could 

again observe an inhibition of startle magnitudes right before action, independent of mvBHT. 
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On the other hand, when the participants were confronted with an approaching inevitable 

respiratory threat, defensive response mobilization was only elicited in individuals with short 

mvBHT, but not for those with long mvBHT. This indicates a stronger defensive activation 

with shorter mvBHT and, therefore, a potentially more (hyper-)sensitive suffocation alarm 

monitor (Klein, 1993; Preter & Klein, 2008).  

Moreover, the trait-like psychological variable anxiety sensitivity (AS) has been identified 

as a trait-like psychological variable that modulates defensive mobilization to interoceptive 

sensations (Benke, Blumenthal, Modess, Hamm, & Pané-Farré, 2015; Eifert et al., 1999; Eke 

& McNally, 1996; McNally & Eke, 1996; Melzig, Holtz, Michalowski, & Hamm, 2011; 

Shipherd et al., 2001; Zvolensky & Eifert, 2001). By definition, AS describes the tendency to 

fear anxiety-related sensations based on believes about potential harmful consequence of these 

sensations (McNally, 2002). It has been demonstrated that AS is related to increasing defensive 

mobilization to different interoceptive threats, as well as that elevated AS is a risk factor for 

panic attacks and the onset of PD (for an overview see McNally, 2002). 

Interestingly, an interaction of the psychological variable AS and the biobehavioral marker 

mvBHT has been demonstrated by Benke, Krause, Hamm, and Pané-Farré (2019) for healthy 

individuals, who were confronted with a respiratory challenge with culminating dyspnea (see 

chapter 3.2 for experimental details). In the beginning of the experiment, the individual mvBHT 

after expiration was determined and IRLs, producing slight, strong and maximally tolerable 

dyspnea, were individually selected. During repetitive confrontation with increasing intensity 

of dyspnea (evoked by three IRLs, presented in ascending order, immediately followed by a 

short post-expiratory breath-holding task), participants had the opportunity to terminate each 

repetition of the respiratory challenge with a button-press. The analysis of the spontaneously 

occurring avoidance behavior to prevent a further culmination of the provoked symptoms 

revealed that high AS and shorter mvBHT were associated with premature termination of the 

respiratory challenge, while suffocation fear and trait anxiety were not related. Especially the 
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interaction of AS and mvBHT predicted the avoidance behavior, as participants with shorter 

mvBHT were more likely to avoid the symptom provocation when they also reported high AS 

as those who reported low AS. 

Taking together, the results from Krause et al. (Under review) and Benke et al. (2019) 

demonstrated that mvBHT is associated with defensive response mobilization during the 

anticipation of an approaching inevitable respiratory threat, while the interaction of mvBHT 

with the psychological factor AS predicts avoidance behavior during the confrontation with 

culminating dyspnea in healthy individuals. Thus, already healthy individuals with high AS and 

shorter mvBHT seem to be more sensitive or even hypersensitive to anticipated or actual 

sensations of dyspnea and, therefore, react with elevated or even excessive defensive 

mobilization. This is in accordance with Klein’s false suffocation alarm theory (Klein, 1993), 

as defensive responses (i.e., defensive mobilization and fight/flight responses) are facilitated in 

individuals with a hypersensitive suffocation alarm monitor to prevent a potential life-

threatening suffocation.  

Avoidance behavior is primarily motivationally driven by the anticipation of the expected 

outcome or the potential worst case (Reiss, 1991), which is in this context death by suffocation. 

Additionally, excessive defensive mobilization is accompanied by an increased tendency for 

safety seeking behavior (Leyro et al., 2010; Salkovskis, 1991), which could facilitate the 

development of behavioral disturbances (i.e., avoidance and safety seeking behavior) and, 

thereby, may initiated a spiral of decline (Hayen et al., 2013; Reiss, 1991; Simon et al., 2006). 

Through this, the possible resulting vicious circle of mutual increasing hypervigilance, 

facilitated defensive response mobilization and more frequent avoidance behavior (Leyro et al., 

2010; Salkovskis, 1991) may contribute to the emergence and maintenance of a serious anxiety 

or somatic symptom related disorder.  
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4 Application to the Threat Imminence Model of panic disorder  

According to the DSM-5 (American Psychiatric Association, 2013), the panic disorder is 

characterized by “recurrent, unexpected panic attacks” – a brief period of intense fear or 

discomfort, which reaches a peak in a few minutes, accompanied by at least four out of 13 

symptoms (e.g., heart palpitations; sensations of shortness of breath; sweating; feeling dizzy, 

unsteady, lightheaded, or faint). Moreover, anxious apprehension about the consequences of 

these panic attacks or about a recurrent attack, or the emergence of maladaptive behavior must 

follow after a panic attack for at least one month.  

The theoretical framework of the Threat Imminence Model from Fanselow (1994; see also 

Lang et al., 1997; Blanchard, 1997) has been translated to a trans-diagnostic model for 

conceptualizing PD and agoraphobia (Hamm et al., 2014; Hamm et al., 2016), which will be 

presented in the following: 

A panic attack can get associated with a previously innocuous mild interoceptive stimulus 

(Schimitel et al., 2012) and, thus, this conditioned cue is now also able to elicit anxious 

apprehension (conditioned response). When a conditioned context is detected (e.g., alone in a 

crowded place), pre-encounter defense is engaged along with hypervigilance. As soon as a mild 

body symptom is encountered (e.g., slight dyspnea) – conceptualized as a distant threat – post-

encounter defense elicits freezing and selective attention towards the body symptom. If the 

intensity of the interoceptive symptom increase, i.e., proximity of the threat increases, post-

encounter defense can switch to circa-strike responses and, thus, elicit active defensive behavior 

and/or a panic attack as a circa-strike defense.  

Of course, individuals are trying to stop the escalation of this cascade by developing and 

displaying persistent avoidance behavior, like avoiding the conditioned context or escaping the 

situation as soon as a mild body sensation is detected, or by using safety signals/behavior (e.g., 

medication). Unfortunately, avoidance and safety seeking behavior are the key components in 

the maintenance of anxiety orders, as the conditioned cue – the mild interoceptive signal – 
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cannot be extinctioned (Barlow, 2002; Craske et al., 2008; Helbig-Lang & Petermann, 2010; 

Mineka & Zinbarg, 2006). 

Thus, the results of Krause et al. (2017) are in line with the theoretical assumption of 

freezing and selective attention during post-encounter defense of a respiratory threat, as well as 

with the attentional and sympathetic switch to overt action during avoidance/escape. 

Furthermore, the study from Benke, Krause et al. (2018) revealed that initial avoidance behavior 

is elicited by fear and gets more fear-independent with repeated avoidance, and, therefore, 

might facilitates the development of dysfunctional safety behavior. Additionally, the trans-

diagnostic model was further specified by Krause et al. (Under review) and Benke et al. (2019), 

who revealed that lower mvBHT predicts elevated defensive mobilization during the 

anticipation of a respiratory threat, whereas higher AS and lower mvBHT predict avoidance 

behavior during exposure to dyspnea. Thus, individuals with these psychological and 

biobehavioral traits/factors might be at higher risk to develop a PD or another anxiety or somatic 

symptom related disorder.  
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5 Summary and future directions 

The present thesis extents the current knowledge about defensive mobilization to 

interoceptive signals as well as about dispositional factors and etiological mechanism that may 

contribute to the emergence of pathological anxiety. The data from Krause et al. (2017) 

demonstrated that the dynamic organization of a defensive mobilization to an approaching 

exteroceptive threat is comparable to an approaching interoceptive threat. Additionally, the 

study from Benke, Krause et al. (2018) indicates that the first avoidance of a culminating 

respiratory threat is initiated by a physiological fear response, whereas repetitive avoidance 

behavior seemed to become more intended to avoid the worst threat in advance. Furthermore, 

the study from Krause et al. (Under review) revealed that increased defensive mobilization to 

an anticipated respiratory threat is associated by reduced mvBHT, while actual avoidance 

behavior during the confrontation with culminating dyspnea is predicted by the interplay of 

reduced mvBHT and elevated AS. Taken together, the studies provided new insights about the 

dynamics of defensive mobilization to body sensations and about possible risk factors that 

might contribute to the etiology of pathological anxiety. While providing fundamental support 

for the trans-diagnostic translation of the Threat Imminence Model to PD, several new questions 

arise. For example, further research should address to which degree excessive defensive threat 

mobilization during anticipation and culmination of body symptoms is associated with the risk 

to actually develop an anxiety disorder. Thus, the results have to be replicated within a high-

risk (e.g., persons with a panic attack without meeting the criteria for PD) and a clinical 

population. Furthermore, future research should study the specificity of the observed effects by 

including different intero- and exteroceptive threats. Moreover, future studies ought to extend 

the findings by investigating the neurobiological defensive dynamics during culminating 

dyspnea in healthy individuals with low and high SF, as well as in patients with PD and 

dyspnea-experts (e.g., divers). Thereby, the neurobiological mechanisms underlying initial 

avoidance behavior should be targeted, as they might contribute to the developing of persistent 

avoidance behavior.  
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