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Abstract

For people suffering from social anxiety disorder (SAD), social interactions
imply severe distress. Nonetheless, little is known about the reaction to acute
stress and the stress-related psychobiology of SAD. Moreover, there is
accumulating evidence for increased affiliation and prosocial behavior in
healthy individuals after stress. It is unclear, however, whether SAD patients
exhibit a similar social behavioral response to stress, with fear of social
interactions being a core symptom of this disorder. A crucial prerequisite for
positive social interactions is the ability to infer other peoples’ mental states,
i.e. empathy. Thus, the aim of this thesis was to examine the stress reaction
and its interactional consequences in SAD patients, taking into account

individual empathic abilities.

In the empirical part of the thesis, the reaction to a standardized psychosocial
stressor was investigated in SAD patients and matched healthy controls on
several levels. Firstly, the endocrine, cardiovascular and subjective reaction to
acute stress was examined. Patients with SAD exhibited an elevated subjective
reactivity to stress, while the biological stress response did not differ from that
of healthy controls. Secondly, we investigated the social behavioral response to
stress. In contrast to healthy controls, SAD patients did not exhibit increased
affiliation behavior under stress but rather showed reduced prosocial behavior.
These adverse effects of stress in SAD were buffered by high cognitive
empathic abilities. The findings suggest that people with SAD in general do not
display affiliation behavior in reaction to stress, but that high cognitive empathy
may be able to ‘normalize’ the behavioral reaction. The results extend previous
data in the domain of stress reactivity and social behavior in SAD and provide

leverage points for future studies.

The empirical part is embedded in a theoretical section and an enclosing
discussion. The theoretical section addresses principal characteristics of the
stress system, and elaborates on social behavior and social anxiety disorder.
The general discussion summarizes the key findings and discusses
methodological considerations and limitations. It closes by drawing clinical

implications and highlighting new directions for future research.

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Contents

I GENERAL INTRODUCTION ....oiiiiiiiiiiiiaeiie e e e e et e e e eeens 1
I THEORETICAL BACKGROUND ........ouiiiiiiiiieii e e e 4
1 Basic Knowledge on the Human Stress Response...............c..cc...... 4
1.1 The physiological stress reaction.............ccoiiiiiiiiii e 5
1.1 The psychological stress reaction............ccocoviiiiiiiiiiiiiie 8
2 Behavior among Others: Social Interaction..................coooinl. 10
2.1 Social performancCe ..........ooiiiii i 10

2.2 Cognitive and emotional processes underlying social behavior .... 11

2.2.1 Neural correlates of empathy ..., 12
2.2.2 Empathy and prosocial behavior .................o 14
3 Stress and Social BEhavior ..o 14
3.1 The tend-and-befriend concept and its biological basis ................ 15
3.2 Effects of stress on social behavior: Empirical findings ................ 17
4 Social Anxiety DisOrder.........coiuiiiiiii e 18
4.1 Brief history of social anxiety disorder ..............cooviiiiiiiiininen.s. 19
4.2 EpPIdemiology ..o 21
4.3 Severeness and comorbidity ...........cooii 22
4.4 Etiology and psychobiology ......cccoiiiiiii 22
4.4.1 Heritability and genetic influence..............ccooi 23
4.4.2 Neural correlates ......cooiiiiiii 24
4.4.3 Neurotransmitter Systems ..o 27
4.4.4 Interactional @spectS......ccoeiviiiiiiiiiii 28
4.4.5 Attention & perception in SAD ..o, 29
4.5 Cognitive theories and models.........ccooooiiiiiiiiii e 30
4.6 Treatment of social anxiety disorder..........cccoooviiiiiiiiiiiiiiineen, 32
4.6.1 Pharmacotherapy ..o, 32
4.6.2 PsSychotherapy ... 34
4.6.3 Other approaches ........ccoiuiiiiiii e 35
4.7 Social performance in social anxiety disorder .....................oooenll. 35

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



4.8 Social cognition in social anxiety disorder................cccooviiiinannn. 37

4.9 Stress in social anxiety disorder ...........ccoovviiiiiiiiiii, 38
5 Summary and Objectives of the Thesis.........cccooiiiiiiiiii 44
i EMPIRICAL RESEARCH SECTION.......ccuiiiiiiiiiiiiiieeieeeeee e 45
6 StUAY OVEIVIEW......iii e e e 45

6.1 StUAY deSIgN ..o 45

6.2 PartiCipants.......coiiii 45

6.3 PrOCEAUIE ....eeii e 47

6.3.1 Stress INAUCHION ..o 48
6.3.1 Additional psychometric measures ...........cccooveiiiiiiiiiiienennen. 49
7 Empirical Chapter I: Stress Reaction in Social Anxiety Disorder....50
7.1 INtrOdUCHION .. 50
7.2 MethOdS. ..o 52
7.2.1 Study design and procedure ...........cooveiiiiiiiiii 52
7.2.2 PartiCipants .....cooiiiiii 52
7.2.3 Stress iNdUCHION ..ot 53
7.2.4 Statistical analysis .......cccoeiiiiii 55
7.3 RESUIS o 55
7.3.1 Sample characteristiCs..........cooooiiiiiiiii 55
7.3.2 ENAOCriNg StreSS reSPONSE .....uiuieiiie i 56
7.3.3 Cardiovascular stress reSpONSe .......ccovuvvviiiiiiiiiiiiiieeieeeenen, 57
7.3.4 Psychological stress response ........cocvviviiiiiiiiiiiiiiiceieeeee, 59

T4  DISCUSSION .ttt 64

8 Empirical Chapter II: Effects of Acute Stress on Social Interaction
Behavior in Social Anxiety Disorder............coooiiiiiiiiiiniiiiineeen 71
8.1 INtrodUCHION ... o 71
8.2 MethOdS ... oo 74
8.2.1 Study design and procedure ..........cccooiiiiiiiiiiiii e, 74
8.2.2 PartiCipants ... 74
8.2.3 Stress paradigm ......cooiiiriiii 75

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



8.4 Discussion

v
9

9.1 Dissociated stress response in social anxiety disorder-.............

8.2.4 Conversation paradigm .........cccooviiiiiiiiiii e
8.2.5 Social decision paradigm ........cccooiiiiiiii
8.2.6 Assessment of empathic abilities .................ol
8.2.7 Statistical @analysis ..o
8.3 Results
8.3.1 Manipulation checK ...
8.3.2 Interrater reliability and behavior of the confederates .........
8.3.3 Empathy ...

8.3.4 Effects of stress on social interaction ..........cccovviiiiiiii.l.

8.3.5 Influence of empathy on social interaction behavior

U g Lo L= ) (=11 T

8.3.6 Self-assessment of social performance and self-focused

A NI ON <o

GENERAL DISCUSSION ...ttt

Summary of the Results and Conclusion .................coooiiin.

9.2 Cognitive empathy buffers adverse effects of stress on social

behavior in social anxiety disorder.............coooiiiiiii

10  Methodological Considerations and Limitations .........................

11 Implications for Psychopathology and Treatment.......................
12  Integrational Model of Stress-Related Behavior and Social

IMPaIrmMENt L.

13 Remaining Questions and Future Goals ..................oooiin.

REFERENCES .....iiuiiiiii ittt ettt et ettt e e e et e e e e e e ees

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.

Es gilt nur fir den personlichen Gebrauch.



Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



I GENERAL INTRODUCTION

Anxiety is one of the most fundamental sensations in humans and other mammals.
Social contact is one of the most fundamental human needs. In social anxiety
disorder (SAD), both aspects collide in a way that results in substantial suffering.
That is, social interactions imply severe psychological stress for SAD patients.
Despite this essential relation, little is known about the psychobiological
mechanisms underlying SAD patients’ social interaction behavior under stress.
This includes one of its most basic aspects, the stress response in SAD. To date,
the physiological stress reaction in patients with SAD is not completely understood.
From neuroimaging studies, there is evidence that SAD patients exhibit elevated
amygdala reactivity in response to social threat (Evans et al., 2008; Gentili et al.,
2016; Straube, Mentzel, & Miltner, 2005; Yoon, Fitzgerald, Angstadt, McCarron, &
Phan, 2007). As the amygdala plays a vital role in the detection of threat and the
regulation of the subsequent endocrine and autonomous stress response (Forray &
Gysling, 2004; Gray, 1993), an exaggerated response to stress in SAD might be
expected. However, literature on the physiological stress response in SAD is
ambiguous with findings of both elevated reactions (e.g. Condren, O’Neill, Ryan,
Barrett, & Thakore, 2002; van West, Claes, Sulon, & Deboutte, 2008) and no
differences to healthy controls (e.g. Klumbies, Braeuer, Hoyer, & Kirschbaum,
2014; Martel et al., 1999). A better understanding of the psychophysiological
processes underlying the experience of stress in SAD may extend our knowledge
of this disorder and help develop adapted treatments. Thus, one aim of this thesis
was to investigate the stress response in patients with SAD and matched healthy
controls in both major stress pathways, i.e. the hypothalamus-pituitary adrenal
(HPA) axis and the sympatho-adrenal medullary (SAM) system, as well as on the
subjective stress level. Acute psychosocial stress was induced through a
standardized and well-established method, the Trier Social Stress Test for Groups
(TSST-G; von Dawans, Kirschbaum, & Heinrichs, 2011).

As stress is an everyday phenomenon in our lives, we need reliable ways of
regulating its psychological and physiological consequences in order to prevent

health hazards, such as hypertension, type-2 diabetes mellitus or psychiatric
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2 GENERAL INTRODUCTION

disorders (Chrousos, 2009; McEwen & Stellar, 1993). Humans have a general
need to affiliate with others and form stable relationships (Baumeister & Leary,
1995; Caporael, 1997). Belongingness and being in close relationships has a
positive impact on health and well-being (Cacioppo, Cacioppo, Capitanio, & Cole,
2015; Holt-Lunstad, Smith, & Layton, 2010). Accordingly, a vital source of coping
is social support (Ditzen & Heinrichs, 2014). While the classical view of the
behavioral stress reaction in humans is the fight-or-flight response (W. B. Cannon,
1915), which describes aggressive or escaping behavior in response to stress, this
view has been broadened by a concept that takes into account the social
dimension of human stress. In their tend-and-befriend model, Taylor and
colleagues (Taylor, 2006; Taylor et al., 2000) suggest that acute stress promotes
affiliation to others, which in turn leads to stress reduction, resulting from social
support through positive social contacts. This entails difficulties for people
suffering from SAD, as key symptoms of this disorder are insecurity and
uneasiness regarding social encounters and avoidance of social situations (e.g.
Rapee & Heimberg, 1997). While there is accumulating empirical evidence for a
tend-and-befriend response to stress in healthy individuals (Berger, Heinrichs, von
Dawans, Way, & Chen, 2015; Buchanan & Preston, 2014; Takahashi, |keda, &
Hasegawa, 2007; von Dawans, Fischbacher, Kirschbaum, Fehr, & Heinrichs,

2012), it is unclear whether this mechanism exists in SAD.

Moreover, social cognitive abilities, such as inferring the other’s mind, form an
important prerequisite for successful social contacts. Deficiencies in these abilities
lead to miscommunication and impaired social functioning (Fett et al., 2011;
Shanafelt et al., 2005). Taking into account these basic requirements and how
they might influence patients’ social response to stress enables us to derive
conclusions about the social behavioral consequences of acute stress in SAD and
its possible underlying mechanisms. Thus, to shed further light on the interactional
consequences of stress in SAD, the second aim of this thesis was to examine the
effects of stress on social interaction behavior in patients with SAD, taking into
consideration the individual empathic abilities. This approach is in accord with the
Research Domain Criteria project (“NIMH » Research Domain Criteria (RDoC),”
n.d.), an initiative to promote psychopathology research that focuses on

dimensional constructs rather than solely on hypothetical diagnosis categories.
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The present thesis is based on two empirical chapters from an experimental study
on stress reactivity and social interaction behavior after stress in SAD. The
empirical section is preceded by a theoretical section that addresses principal
characteristics of the stress system (chapter 1), social behavior (chapter 2), social
behavior in light of stress (chapter 3) and social anxiety disorder with its
psychopathology, etiology, and treatment (chapter 4). It is followed by an
enclosing discussion (section V), which summarizes the key findings and
discusses methodological considerations and limitations. Finally, an integrative
model of the effects of stress on social behavior in health and psychopathology is
presented and clinical implications as well as new directions for fruitful future

research are highlighted.
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[ THEORETICAL BACKGROUND

1  Basic Knowledge on the Human Stress Response

Stress. We are constantly confronted with it throughout our lives, whether we
experience it running to catch a bus, clashing with friends or colleagues, or from

more severe, traumatic events.

As one of the pioneers of stress research, Walter Bradford Cannon developed
the concept of ‘fight or flight’ to describe an organism’s response to threat (W.
B. Cannon, 1915). He found that in confrontation with a stressor, the
sympathetic branch of the autonomous nerve system activates the secretion of
catecholamines in the adrenal medulla (“sympathoadrenal” system), mobilizing
the organism’s reaction. Drawing on the idea of a ‘milieu intérieur’ by Bernard
(1878), he later coined the expression homeostasis (1929) to describe the
physiological adaptations of the organism to maintain a stable internal
environment. In the title of his summarizing work “The Wisdom of the Body”
(1932), Cannon already acknowledged that the stress reaction forms a vitally

important mechanism.

Another pioneer in this area, Hans Selye, extended the work by Cannon by
emphasizing the activation of the hypothalamic-pituitary-adrenal (HPA) axis and
associated secretion of glucocorticoids (1936). He suggested that this response
pattern to stress was nonspecific. That is, independent from the nature of the
stressor, the body would react with specific changes such as secretion of
cortisol and catecholamines. In his concept of a general-adaption-syndrome, he
proposed that the organism reacts in a profile with three phases: an “alarm
state”, analogous to Cannon’s fight-or-flight reaction, an “adaption state”,

associated with resistance, and eventually an “exhaustion state” (1950).

Selye’s concept was later extended by Mason (1971), arguing that the concept
of non-specificity is lacking psychological processes. He claimed that the
psychological evaluation of the stressor initiated the stress response, thus
framing the concept of stress as not primarily physiological, “[...] but rather as a

behavioral concept” (Mason, 1971, p. 331).
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Basic Knowledge on the Human Stress Response S

McEwen (1998b) integrated physiological aspects of the stress reaction and the
individual perception of the stressor into his model of allostatic load. The model
differentiates between a regular, moderate reaction to a stressor, and an
aberrant reactivity. Normally, the physiological stress response is initiated,
sustained for an appropriate time and then terminated, thus providing the
organism with a flexible and advantageous reaction to the environment.
However, due to multiple stressors or a lack of adaptation, for example, the
stress response remains on a high level, resulting in ‘allostatic load’. This state
in turn results in adverse consequences for the organism. The model thereby
underlines the dissociation of the physiological stress response, both as an
important mechanism for the organism’s survival, and as a potential health risk

when endured chronically or when the system is unable to adapt sufficiently.

1.1 The physiological stress reaction

On the biological level, stress can be described as a state of imbalance, with
the stress reaction attempting to regain balance and to "maintain physiologic
integrity" (Ulrich-Lai & Herman, 2009, p. 397). Two distinct but interconnected
systems are responsible for the execution of those adaptations: the
sympathetic-adrenal-medullary system (SAM) and the hypothalamus-pituitary-
adrenal axis (HPA-axis) (Fig. 1.1). A prompt response to the stressor is
realized by the autonomic nervous system (ANS), more precisely via the SAM.
Under resting conditions, the sympathetic and the parasympathetic parts of the
ANS act in synergy; under stress, the activity of the sympathetic branch
predominates and the influence of the parasympathetic branch is reduced. Due
to their antagonistic functioning, an attenuation of the parasympathetic part can
result in effects analogous to those of the sympathetic branch (Chrousos &
Gold, 1992). That is, under stress, the hypothalamus addresses nuclei in the
brainstem, which transmit the signal to the preganglionic sympathetic neurons
of the spinal cord. These, in turn, project via pre- or paravertebral ganglia to the
adrenal medulla. By this, secretion of epinephrine (esp. in the adrenal medulla)
and norepinephrine (esp. in the postsynaptic sympathetic neurons) is triggered
(Ulrich-Lai & Herman, 2009). This cascade results in immediate physiologic

changes, such as accelerated heart rate, elevated blood pressure, and
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6 THEORETICAL BACKGROUND

vasodilatation in muscles, preparing the body for action by ensuring blood sup-
supply to the relevant structures. Moreover, glycogenolysis in the liver provides
energy through increased glucose levels (Gunnar & Quevedo, 2007) and on the
brain level, norepinephrine is released in the locus coeruleus in the brainstem,
resulting in enhanced vigilance and arousal (Gunnar & Quevedo, 2007). These
physiologic changes can be assessed as markers of ANS activity. In
psychological research, one of the most prominent peripheral physiologic
markers is the detection of heart rate (Birbaumer & Schmidt, 2002; Freeman,
2006) Alternatively, endocrine changes can be measured as direct products of
ANS activity, such as level of catecholamines epinephrine or norepinephrine in
blood or saliva (B. Kennedy, Dillon, Mills, & Ziegler, 2001; Okumura, Nakajima,
Matsuoka, & Takamatsu, 1997).

The HPA axis is the slower of the two systems (de Kloet, Rots, & Cools, 1996).
This is mainly due to the respectively faster and slower mechanisms of neural
versus humoral information processing and synthesis of the end-effector
glucocorticoids in the HPA system, which involves gene transcription (Gunnar &
Quevedo, 2007; R. M. Sapolsky, Romero, & Munck, 2000). In the parvocellular
division of the paraventricular nucleus (PVN) of the hypothalamus,
corticotropin-releasing hormone (CRH) and arginine vasopressin (AVP) are
secreted (Chrousos, 1992). Under circumstances of stress, CRH is released
into hypophysial portal vessels and activates cyclic adenosine monophosphate
(cAMP), which stimulates the release of adrenocorticotropic hormone (ACTH) in
the anterior pituitary. The neuropeptide AVP potentiates these effects of CRH
on ACTH release (Rivier & Vale, 1983). ACTH, in turn, binds on receptors in the
adrenal cortex, where glucocorticoids (in humans esp. cortisol) are synthesized
and released into the bloodstream. From here, they bind to receptors
throughout body and brain (Charmandari, Tsigos, & Chrousos, 2005; S. M.
Smith & Vale, 2006). The name glucocorticoid indicates its involvement in the
glucose metabolism, its synthesis in the adrenal cortex, and its steroid
structure. The initiated metabolic effects include glycogenolysis,
gluconeogenesis, the allocation of lipids and amino acids through lipolysis in fat
cells, and the inhibition of protein synthesis in muscle cells (Sapolsky et al.,

2000). This results in increased blood glucose levels and modifies fat and
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Basic Knowledge on the Human Stress Response 7

protein metabolism (Stephens & Wand, 2012). Further, glucocorticoids have
immunosuppressive and anti-inflammatory effects, namely through changes in
leukocyte traffic and decreased cytokine production (Chrousos, 1995).
Moreover, glucocorticoids are crucial for the termination of HPA axis activity,
forming a negative feedback loop by inhibiting CRH and ACTH production in
extrahypothalamic centers, in the hypothalamus and in the pituitary gland
(Miller et al., 1992; S. M. Smith & Vale, 2006). Hence, the stress response
constitutes a pivotal mechanism that allows the organism to adapt to
challenging situations. On the downside, if stress has to be endured chronically,
it is associated with structural changes in the brain (Arnsten, 2009) and impairs
learning by inhibiting long-term-potentiation (de Kloet, Oitzl, & Joéls, 1999).
Moreover, stress-related immunosuppression means that stress is one of the
most significant risk factors for diseases associated with insufficient immune
response, such as tuberculosis or certain kinds of tumors (Elenkov & Chrousos,
1999). On top of that, chronic stress is associated with increased risk for heart
attack, and with mental diseases like depression and anxiety disorders (for

reviews, see Chrousos, 2009; Kalia, 2002).

Regarding the investigation of stress-related HPA-axis activity, cortisol has
been considered the best characterized marker (Foley & Kirschbaum, 2010).
Only a small proportion (2-15%) of cortisol remains unbound and “free”.
However, it is this unbound cortisol that yields the glucocorticoid effects in
tissue and brain. Due to its small size and lipid-soluble structure, unbound
cortisol can easily pass cell membranes and thus occurs in all body fluids,
including blood and saliva. In blood, both bound and unbound cortisol is
measurable. Assessment of saliva does not imply an additional stressor for
participants the way that venipuncture for blood sampling does. Thus, salivary
cortisol depicts a valid and useful measure of HPA-axis activity (Kirschbaum &
Hellhammer, 1989).
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8 THEORETICAL BACKGROUND

HPA axis SAM system

Postsynaptic
sympathetic neurons
%/\/ Circulation
_ __Adfenaine
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Figure 1.1. Reactions to stress. The hypothalamus-pituitary-adrenal (HPA) axis (left)
and the sympatho- adrenal-medullary (SAM) system (right). Adapted from Eisenberger
& Cole (2012).

1.1 The psychological stress reaction

Confrontation with a stressor not only induces symptoms on the physiological
level but also affects emotion and cognition. The work by Lazarus and his
colleagues (1984; Richard S Lazarus, 1966) has highlighted the psychological
aspects of stress. According to his transactional model of stress, it is the
subjective evaluation of a situation that is crucial for the occurrence of a stress
reaction, not the objective stressor alone. In other words, through this
evaluation and subsequent coping processes, a reciprocal interaction or
‘transaction’ between the environment and the self emerges. Lazarus
postulated two phases of subjective evaluation that influence the stress
reaction: primary appraisal and secondary appraisal. In primary appraisal, the
person estimates the threat potential of the stimulus and what might be
possible outcomes, resulting in an evaluation of the personal relevance. In

secondary appraisal, one’s own resources to deal with the stressor are
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reconciled. If one’s own resources are considered insufficient to overcome the
threat, the situation is perceived as stressful. The two phases are thought to
happen simultaneously, influencing each other. The model contributes to the
explanation of why the same stressor may evoke very divergent reactions in
different individuals. Moreover, along with its extension by Folkman (1997), it
provides a basis for the explanation of different coping strategies, such as
reappraisal, reordering priorities or referral to spiritual beliefs (for a review, see
Folkman, 2008). On the downside, due to a more complex view of the stress
process and the inclusion of interacting internal factors, clear empirical

evidence for the model is missing.

The subjective stress response is typically assessed using questionnaires or
visual analogue scales (VAS), where the participant has to indicate the intensity
of the criterion by indicating a position along a continuous line. This type of
assessment has been shown to be sensitive and suited for repeated measures
(S. Grant et al., 1999; Luria, 1975).
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2  Behavior among Others: Social Interaction

Human beings exhibit a general desire to affiliate with others and form social
groups (Baumeister & Leary, 1995; Caporael, 1997). Social relationships form a
substantial evolutionary advantage through, for example, facilitating food supply
and providing safety or care for the offspring. Maintenance of social contacts
requires performance according to certain rules and conventions and adapting
successfully to a given social situation (Ackerman, Huang, & Bargh, 2012).
Violations of these rules can result in social rejection. The concept of social
performance is discussed in chapter 2.1. In order to perceive social signs and
attune one’s own behavior to that of one’s interaction partner, social cognitive
abilities are necessary, i.e. cognitive processes that underlie social interactions.

Chapter 2.2 addresses those processes.

2.1 Social performance

Social situations, such as talking to colleagues at work, require people to
interact in a way that follows certain social rules, such as joining in a
conversation at a suitable time, reacting to what the other person says and
revealing some, at some times more and other times less, personal information
about oneself. Possessing such competencies and implementing them in an
adaptive way in social situations outlines the concept of social performance.
The literature provides multiple terms in this regard, including ‘social
competence’, ‘social skills’ or ‘communication competence’, which are also
used interchangeably (Segrin, 2000). Also, different models have been
proposed, with some defining social competencies as a personality trait (e.g.
Riggio, 1986, 1992) and some conceptualizing them on a molecular level,
focusing on situation-specific behavior (e.g. Arkowitz, Lichtenstein, McGovern,
& Hines, 1975).

Social performance requires nonverbal, verbal and paralinguistic abilities
(Romanczyk, White, & Gillis, 2005). Nonverbal behavior involves aspects such
as eye-contact, facial expressions, and gestures. Verbal behavior refers to
talking on-topic, answering questions, making self-disclosure etc., while

paralinguistic behaviors comprise formal aspects of speech, including, for
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example, fluency, volume of speech and understood prosody (e.g. Argyle &
Kendon, 1967; Sheffer, Penn, & Cassisi, 2001).

2.2 Cognitive and emotional processes underlying social behavior

Social interactions are influenced by the way our mind processes the
information it receives in a given situation. Do we recognize what the other
person is feeling? Do we understand his or her intent and can we resonate with
this? The cognitive and emotional processes that underlie our behavior in social
contexts can be subsumed under the field of social cognition (Moskowitz,
2005). Those processes form a crucial prerequisite for successful social
interactions. If we do not detect social signals from others and thus fail to
integrate them into our perception of the situation, we are not able to adjust our
reaction properly, leading to miscommunication or attracting social conflict.
Accordingly, social cognitive deficiencies entail impairments in social
functioning and well-being (Fett et al., 2011; Shanafelt et al., 2005). Social
cognition comprises a large number of different but interrelated processes,
including emotion recognition, social perception, emotion regulation or self-
other-distinction (Green et al., 2008). One of the most fundamental
mechanisms is the ability of understanding the other’s emotional and mental

state, i.e. empathy.

Much has been written about the definition of empathy and it has been defined
in numerous ways. In general, it is defined as the ability to understand other
people’s emotional and mental state and to resonate with it (for an extensive
overview on the different concepts of empathy, see Bateson, 2011). A
predominant conceptualization, underpinned by neuroanatomical evidence (for
a review, see Dvash & Shamay-Tsoory, 2014), depicts the dissociation between
cognitive and emotional empathy. While cognitive empathy refers to mental
perspective-taking, emotional empathy is concerned with one’s own emotional

response to another person’s affective state (for a review, see Singer, 2006).

In a conversation, for example, a person has to decode another person’s
emotional and mental state in order to arrive at an adequate reaction. This

requires the perception of cues from the other person’s face, voice and posture
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and the identification of emotions, desires or intentions (Achim, Guitton, Jack-
Jackson, Boutin, & Monetta, 2013; Baron-Cohen, Wheelwright, Hill, Raste, &
Plumb, 2001; Sabbagh, 2004). This ability refers to cognitive empathy, but it
has also been called theory of mind (ToM) or mentalizing (for reviews, see
Eslinger, 1998; Frith & Frith, 2007). The terms cognitive empathy, ToM, and
mentalizing conceptually overlap and are used with a certain degree of
synonymy (e.g. A. Smith, 2010; Straub, 1990). Perspective-taking and ToM
have been suggested to be subcategories of cognitive empathy (Eslinger, 1998;
S. G. Shamay-Tsoory, Tomer, Goldsher, Berger, & Aharon-Peretz, 2004). At
the same time, cognitive empathy has been suggested to depict a subcategory
of ToM, relating to inferring other people’s affective states in contrast to
cognitive states (Walter, 2012). In the present study, we distinguish between
the cognitive process of intellectually understanding the thoughts and feelings
of others (‘cognitive empathy’) and the affective reaction to another person’s

emotional state (‘emotional empathy’).

Other aspects have been subsumed under social cognition, too, including social
knowledge or attributional style (Pinkham et al., 2014). In contrast to the basal
process of identifying another person’s mental state, they depict higher order
processes, referring to the awareness about social norms and to the typical way

of explaining the causes of events, respectively (e.g. Green et al., 2008).

2.2.1 Neural correlates of empathy

Across different social cognitive tasks, social cognitive functions have in
general been associated with a relatively constant neuronal pattern, the so
called ‘social brain network’ (Blakemore, 2008; Brothers, 1990; Frith, 2007; D.
P. Kennedy & Adolphs, 2012). This network includes prefrontal areas, such as
the dorsolateral prefrontal cortex (dIPFC), medial prefrontal (mPFC) and
orbitofrontal (OFC) regions as well as temporal areas (Fett, Shergill, &
Krabbendam, 2015).

For the two aspects of empathy, cognitive empathy, i.e. inferring another
person’s mental state, and emotional empathy, i.e. sharing another person’s

feelings, distinct patterns of activation have been found (for a review, see
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Dvash & Shamay-Tsoory, 2014). Research has mainly focused on cognitive
empathy, commonly referred to as theory of mind (ToM). For the investigation
of ToM, several methods have been implemented. They range from simple
tasks such as assigning a mental state to a person by looking at pictures of
their eye region (mind in the eyes) to more complex tasks such as false belief
paradigms or strategic games. In their meta-analysis, Schurz and colleagues
(2014) categorized imaging studies according to their methodological approach
and analyzed them separately as well as together. They found the medial
prefrontal cortex and the temporo-parietal junction bilateral as overlapping
areas for the different tasks, suggesting a ‘core network’ of theory of mind, as
claimed by previous studies (Frith & Frith, 2006; Gallagher & Frith, 2003; Van
Overwalle, 2009). This has been cross-validated by a recent meta-analysis on
ToM (Molenberghs, Johnson, Henry, & Mattingley, 2016). Evidence for an
involvement of frontal regions also comes from lesion studies, with impairments

in ToM following frontal lobe damage (for a review, see Sabbagh, 2004).

Regarding research on emotional empathy, empathy for several feelings
(happiness, anger, disgust) has been investigated. A commonly used method is
‘pain for others’ (e.g. de Vignemont & Singer, 2006; Decety & Lamm, 2009;
Singer et al., 2004), where the participant observes others receiving a painful
stimulus. Those studies showed that watching another person feel pain elicits
activation in similar regions as perceiving the painful stimulus oneself,
supporting the hypothesis of a shared representation network for empathy
(Preston & De Waal, 2002). Other approaches use simple observation of
stimulus material (Blakemore, Bristow, Bird, Frith, & Ward, 2005; Grosbras &
Paus, 2006) or imagination (e.g. Jackson, Brunet, Meltzoff, & Decety, 2006). A
consistent pattern of activation in response to those tasks has been found in
the anterior insula, medial/anterior cingulate cortex and, regarding empathy for
pain, somatosensory areas (Decety, 2011; Lamm, Decety, & Singer, 2011). A
meta-analysis on empathy that used a whole-brain approach (Fan, Duncan, de
Greck, & Northoff, 2011) found the bilateral anterior insula and dorsal anterior
mid-cingulate cortex to be engaged in empathy, independent of task and
stimulus material. This suggests that activation in those regions seems to be

related to emotional empathy per se, independent of any specific emotion.
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2.2.2 Empathy and prosocial behavior

When we see an injured child that fell off his or her bike, we instantly have the
impulse to help. It is only through understanding how the person is feeling that
this type of reaction is triggered. Accordingly, empathy is thought to motivate
prosocial behavior and inhibit antisocial behaviors (e.g. Batson & Coke, 1981;
Krebs, 1975; Stocks, Lishner, & Decker, 2009). For example, individuals are
more likely to help others if they feel empathy for them (Eisenberg, 2007;
Hoffmann, 2008; Lockwood, Seara-Cardoso, & Viding, 2014; for a review, see
Bateson, 2002). More precisely, the perception of the other person’s emotional
state evokes a vicarious response, resulting in empathic concern, which is
associated with the wish to reduce the other person’s affliction and in turn
fosters prosocial behavior (Eisenberg & Miller, 1987). Instead of empathic
concern, one might as well primarily react with negative feelings such as
anxiety or discomfort, also called personal distress. Bateson (1998) proposed
that experiencing empathic concern promotes other-oriented motivation, whilst
personal distress leads to a rather self-focused state. Moreover, while personal
distress is thought to be based on lower-order processes, such as contagion,
empathic concern is thought to arise from the comprehension of another’s
mental or emotional state and thus to require higher-order cognitive process of
mentalizing/cognitive empathy (Eisenberg, 2000; Lamm, Batson, & Decety,
2007). Accordingly, a recent longitudinal study found perspective-taking
abilities to predict later prosocial behavior in children (Kuhnert, Begeer, Fink, &
de Rosnay, 2016). Taken together, there is evidence for cognitive as well as

emotional empathic abilities to promote prosocial behavior.

3  Stress and Social Behavior

How do we behave under stress? A few years ago, the answer would have
been either that we face the stressor, maybe becoming aggressive; or we
withdraw from it, following the classical fight-or-flight response established by
Cannon (1932). Accordingly, aggressive and antisocial behavior in response to
stress has been observed both in primates and humans (I. W. Craig, 2007;
Honess & Marin, 2006; Sandi & Haller, 2015). In recent years, this view has

been extended by an alternative behavioral response to stress, i.e. increased
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affiliation behavior, conceptualized as tend-and-befriend behavior (Taylor et al.,
2000, 2006).

3.1 The tend-and-befriend concept and its biological basis

Shelly E. Taylor postulates an additional model for the reaction to stress, the
tend-and-befriend concept (2006; Taylor et al., 2000). This model provides an
alternative perspective on the response to stress, focusing on social behavioral
aspects. It submits that, from an evolutionary perspective, under circumstances
of threat, fighting or fleeing would result in endangering the offspring by direct
harm or separation from the social group. Rather, in order to maximize survival,
behaviors that protect oneself and one’s offspring might have evolved. Thus,
under stress, the impetus to nurture and protect the offspring (tending) and to
affiliate with social groups (befriending) may be strengthened. Thereby,
possible risks can be reduced by obtaining support and protection, which in turn
helps to regulate distress. The model suggests that in times of stress, affiliative
behavior is promoted, mediated by a biological signaling system, including the
oxytocin system (Fig. 3.1).

Oxytocin is a neuropeptide that, synthesized in the hypothalamic
paraventricular and supraoptic nuclei, is released via the pituitary in the blood
stream (Brownstein, Russell, & Gainer, 1980; Swaab, Nijveldt, & Pool, 1975).
The oxytocin system has been suggested as a crucial factor in the modulation
of social behavior under stress (Heinrichs, Chen, & Domes, 2013; Heinrichs,
von Dawans, & Domes, 2009). Intracerebral oxytocin has anxiolytic effects by
dampening the responsiveness of the HPA-axis. This has been shown in animal
(Neumann, Krémer, Toschi, & Ebner, 2000; Uvnas-Moberg, Ahlenius,
Hillegaart, & Alster, 1994; Windle, Shanks, Lightman, & Ingram, 1997) as well
as human research (Heinrichs, Baumgartner, Kirschbaum, & Ehlert, 2003; Koch
et al., 2016). Further, evidence from neuroimaging studies suggests that this
effect is mediated by a downregulation of amygdala activity (Baumgartner,
Heinrichs, Vonlanthen, Fischbacher, & Fehr, 2008; Domes, Heinrichs,
Glascher, et al., 2007; Kanat, Heinrichs, Mader, van Elst, & Domes, 2015;
Petrovic, Kalisch, Singer, & Dolan, 2008). This is underpinned by findings on

the cellular level in rats (Huber, Veinante, & Stoop, 2005). Moreover, the
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oxytocin system has been shown to be crucial for social affiliation behavior
(Heinrichs & Domes, 2008). This has been demonstrated for several aspects of
social interaction. For example, there is evidence that oxytocin increases eye-
contact (B. Auyeung et al., 2015; Guastella, Mitchell, & Dadds, 2008), promotes
the processing of positive social cues (Di Simplicio, Massey-Chase, Cowen, &
Harmer, 2009; Domes et al., 2013; Marsh, Yu, Pine, & Blair, 2010), improves
emotion recognition and theory of mind (Domes, Heinrichs, Michel, Berger, &
Herpertz, 2007; Lischke et al., 2012; Schulze et al.,, 2011), increases trust
(Baumgartner et al., 2008; Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005),
generosity (Barraza & Zak, 2009; Zak, Stanton, & Ahmadi, 2007) and positive
communication (Ditzen et al., 2009), hence facilitating social approach

behavior.

Originally developed with particular respect to women, the tend-and-befriend
model has been broadened to men’s stress response as well (Geary & Flinn,
2002). It is in line with the work by Baumeister and Leary (1995), who described
the general human motivation to affiliate with others and form stable

relationships, a motive they called need to belong.
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Figure 3.1. Model of tend-and-befriend behavior (Taylor, 2006).
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3.2 Effects of stress on social behavior: Empirical findings

A growing body of research provides underpinnings for affiliative behavior in
response to stress (Buchanan, Bagley, Stansfield, & Preston, 2012; Margittai et
al., 2015; Takahashi et al., 2007; von Dawans et al., 2012). In a study by von
Dawans and colleagues (2012), for example, healthy men who had been
stressed showed more prosocial behaviors like trust, trustworthiness and
sharing than those who hadn’t been stressed. Furthermore, several studies
indicate that it might be the individual cortisol response in reaction to stress,
rather than the exposure to stress per se, that contributes to subsequent social
behavior (Berger et al., 2015; Smeets, Dziobek, & Wolf, 2009). Berger and
colleagues (2015) asked their participants to rate the psychological closeness
to an interaction partner after undergoing the TSST-G and the Fast Friends
procedure (Aron, Melinat, Aron, Vallone, & Bator, 1997). While there was no
difference between subjects in the stress and the control condition of the TSST-
G, subjects with high cortisol responses reported a stronger feeling of
closeness to their interaction partner than subjects with low cortisol responses.
Additionally, in a study on social cognition under stress, men with higher
cortisol reactions in response to stress showed better social-cognitive abilities
than those with lower reactions (Smeets et al., 2009). Those findings suggest
that the magnitude of HPA-axis reactivity might modulate social behavior in
response to stress. Moreover, specifically individual stress-induced cortisol
responses have been associated with approach-avoidance behavior in animals
(Kalin, Shelton, Rickman, & Davidson, 1998; R. M. Sapolsky, 1990) and
humans (Roelofs, Elzinga, & Rotteveel, 2005).

Those studies on the relation of stress and affiliative behavior are in line with
findings from animal research. In primates, affiliation behavior in terms of
reconciliation and consolation has been observed after stressful events such as
conflicts (Aureli, Van Schaik, & Van Hooff, 1989; Fraser, Stahl, & Aureli, 2008;
Koski, Koops, & Sterck, 2007). Such behavior may help preserve group
coherence and thus provide an evolutionary advantage over breakup of the

group, for example through protection against predators and improved
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capabilities for foraging. Furthermore, stress has been shown to activate pair

bonding in prairie voles (DeVries, Guptaa, Cardillo, Cho, & Carter, 2002).

There are also a few studies that report contrary findings. They found a positive
association of the cortisol response to stress with egoistic decision-making
(Starcke, Polzer, Wolf, & Brand, 2011), and with fewer utilitarian judgements
(Youssef et al., 2012), respectively. Both studies used moral dilemmas that
require reflection on an abstract problem instead of measuring social behavior
per se. Because of the cognitive character of those tasks, biases such as social
desirability might have had a greater influence compared to behavioral tasks. A
recent study on social decision-making (Steinbeis, Engert, Linz, & Singer,
2015) found participants experiencing anticipatory stress to trust less than
participants who were not stressed. However, the study used solely anticipation
as a stressor, and cortisol reaction was rather low (increase under 1.5 nmol/l in
66% of stressed participants). Moreover, the authors argued that the affiliative
tendencies in the design by von Dawans and colleagues (2012), which equals
that of the present study, arose from in-group favoritism due to the shared
stress experience in the TSST-G, rather than from stress per se. Notably, the
interaction partners in the decision paradigm by von Dawans and colleagues
were additional participants and not the same as those in the TSST-G. Apart
from that, Steinbeis and colleagues did not find differential effects after

formation of in- and out-groups.

4  Social Anxiety Disorder

As has been pointed out, the formation of social contacts and relationships is a
general human need (Baumeister & Leary, 1995; Caporael, 1997) and its
success is dependent on a certain social behavior. In people with social anxiety
disorder (SAD), severe worry about their behavior and appearance in social
situations leads to clinically relevant suffering. Despite being one of the most
common mental disorders (Fehm, Pelissolo, Furmark, & Wittchen, 2005;
Kessler et al., 2005), SAD had been widely ignored in psychological and clinical
research until 1985. In that year, Liebowitz, Gorman, Fyer and Klein (1985)
published their article “Social Phobia. Review of a neglected anxiety disorder”,

where they turned the spotlight on precisely that deficiency. Thirty-two years
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later, many insights into this disorder have been gained, but still a lot of ques-

questions remain.

Social anxiety disorder is characterized by a “marked and persistent fear of one
or more social or performance situations in which the person is exposed to
unfamiliar people or to possible scrutiny by others. The individual fears that he
or she will act in a way (or show anxiety symptoms) that will be embarrassing
and humiliating® (DSM V, American Psychiatric Association, 2013, p. 202).
Thus, social encounters trigger distress and often also bodily symptoms such
as sweating, trembling or blushing. As a consequence, people suffering from
SAD avoid social situations or endure them with intense distress (APA;

American Psychiatric Association, 2013).

4.1 Brief history of social anxiety disorder

Social anxiety disorder was first named “social phobia” and was not included as
an official disorder until 1980, in the DSM-IIl. The DSM-IIl restricted the
diagnosis to few situations, while lacking empirical support for this restriction.
Diagnosis of social phobia was precluded when that person had been
diagnosed with an avoidant personality disorder (APD). Thus, the diagnosis
social phobia was limited to people suffering from social fears in very
circumscribed situations, such as performance anxiety (Heimberg et al., 2014).
This view was refuted by Liebowitz and colleagues (1985). As a result, in the
revision of the DSM-IIl, a ‘generalized subtype’ was introduced and the
exclusion of comorbid avoidant-personality disorder was removed. Due to this
broader concept of social fears, the label was later changed to ‘social anxiety
disorder’ in the DSM-IV. With the introduction of the DSM-V in 2013, small
changes were made such that patients no longer had to recognize that their
fear was excessive or unreasonable. Instead, it had to be rated as out of
proportion by the clinician. Moreover, the requirement of the 6-month duration

was extended from patients younger than 18 to adults as well.

The DSM-IV and -V distinguish two subtypes of SAD, the generalized type and
the non-generalized type. The former encompasses cases where the anxiety

occurs in a wide range of social situations, the latter refers to cases with only
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one or two feared situations, often performance situations, such as delivering a
speech. The existence of those two subtypes has been subject to substantial
criticism, as the aspect “in most situations” is not clearly operationalized. With
focus on a qualitative rather than quantitative distinction, differentiation into
“performance” and “interactional” subtypes has been proposed by some authors
(e.g. Mannuzza et al., 1995; Turner, Beidel, & Townsley, 1992). However, the
subtypes have been called into question by recent research that found little
evidence for such a distinction (Ruscio et al., 2008). As such, the classification
of different social anxiety subgroups is still not satisfying. More research is
needed. Moreover, in order to develop empirically-grounded subtypes, the
diagnostic system could benefit from data-driven categorization rather than
settling for arbitrary definitions based on theoretical assumptions. A deeper
knowledge about differential subtypes could be advantageous for allocating

fine-grained treatment.

Furthermore, the distinction of SAD and APD has been the focus of much
discussion. While some suggest they form a continuum (severity-continuum
hypothesis), with APD representing a higher degree of symptom severity than
SAD (Carter & Wu, 2010; Chambless, Fydrich, & Rodebaugh, 2008; Ralevski et
al., 2005; Reich, 2009), others suggest that SAD and APD share a severe
amount of symptomatology but may be two qualitatively distinct diagnostic
entities, with APD comprising qualities of a personality disorder, thus
dissociating itself from SAD (Bogels et al.,, 2010; Eikenaes, Hummelen,
Abrahamsen, Andrea, & Wilberg, 2013; Rettew, 2000). Thus far, more
knowledge is needed regarding personality disorders in general (i.e. stability
versus plasticity of symptoms over time), and the distinction between SAD and
APD in particular, before this question can be answered satisfactorily.
Accordingly, the Anxiety Sub-Workgroup for the DSM V concluded that there
was insufficient evidence for SAD and APD to be considered as one disorder
(Heimberg et al., 2014). The difficulty of a conceptual delineation is also
reflected in comorbidity rates: In about 50-90% of individuals with SAD,
avoidant personality disorder is additionally diagnosed (B. F. Grant, Hasin,
Stinson, et al., 2005; Shea et al., 2004).
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With impairments in social contexts, the cultural aspect of a disorder may be of
relevance. In eastern cultures, there is a disorder called taijin-kyo-fusho, which
shares a lot of symptoms with SAD, but the anxiety refers to the other person.
That is, instead of fearing to embarrass oneself, people suffering from taijin-
kyo-fusho are afraid of offending or hurting others (Stein, 2009; Hofmann &
Hinton, 2014). As more research is needed to discover to what extent SAD and
taijin-kyo-fusho are overlapping, the present study focuses on social anxiety

disorder only.

4.2 Epidemiology

For social anxiety disorder, a 12-month prevalence of 7.1% and a lifetime
prevalence of 12.1% have been reported for the U.S. (Kessler, Chiu, Demler,
Merikangas, & Walters, 2005; Ruscio et al., 2008). Prevalence rates from
European studies are in accordance with this (for a review, see Wittchen &
Fehm, 2003). Women are more likely than men to suffer from SAD (gender ratio
of 3:2). However, the sex difference is less skewed than in other anxiety
disorders (Wittchen & Fehm, 2003). Social anxiety disorder has an early age of
onset, with the majority of cases beginning in childhood or adolescence. A
review by Chavira and Stein (2005) found onset rates of 50% by the age of 11
and 80% by the age of 20 years. Typically, SAD is considered a chronic
disorder. Symptom duration in clinical samples is 10-25 years on average.
Looking at the natural course, remission rates from retrospective studies are
rather low and vary between 11% and 48% (e.g. Chartier, Walker, & Stein,
2001; DeWit, Ogborne, Offord, & MacDonald, 1999). Prospective studies
retrench this extent of chronicity to some degree. While some report similar
remission rates of about 35%, including the Harvard Brown Anxiety Research
Project, the longest prospective study on SAD to date with a run-time of 12
years (Beard, Moitra, Weisberg, & Keller, 2010; Bruce et al., 2005), other
longitudinal studies find higher rates of 48-66% (Beesdo-Baum et al., 2012;
Blanco et al., 2011; Karlsson et al., 2010). Those variations might be explained
by the following factors: first, methodological reasons might contribute to the
varying rates, such as differences in definition criteria for remission and the

length of follow-up; second, the results highlight the heterogeneity of this
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disorder and suggest that it may not only differ in behavioral aspects but also in
course (e.g. fluctuating or chronic) (cf. Vriends, Bolt, & Kunz, 2014); finally,
results from wait-list control groups of treatment studies suggest no substantial
symptom reduction without therapy, at least in those patients who seek

treatment (e.g. Acarturk, Cuijpers, van Straten, & de Graaf, 2009).

4.3 Severeness and comorbidity

Social anxiety disorder is associated with functional impairment, especially in
social life and relationships, and consequently with reduced quality of life
(Aderka et al., 2012; Kessler, Berglund, et al., 2005; Mendlowicz & Stein, 2000;
Ruscio et al., 2008). In adults, it is associated with heightened rates of
unemployment (Beesdo et al.,, 2007; Wittchen, Fuetsch, Sonntag, Mduller, &
Liebowitz, 2000), and in children and adolescents with a raised likelihood of
early school leaving (Stein & Kean, 2000). Moreover, SAD is linked with
suicidal ideation and attempts (Cougle, Keough, Riccardi, & Sachs-Ericsson,
2009; Sareen et al., 2005; Schneier, Johnson, Hornig, Liebowitz, & Weissman,
1992). Many people suffering from SAD also meet criteria for another mental
disorder. A study on a large US sample by Grant and colleagues (2005) found
high comorbidity rates for other anxiety disorders (49%), major depression
(20%), and alcohol abuse (13%). Comparable rates were found in a European
sample (Ohayon & Schatzberg, 2010).

4.4  Etiology and psychobiology

As with most psychiatric disorders, a multi-causal etiological framework is
considered for SAD. The vulnerability-stress model describes the development
of psychopathology as a result of predisposed factors interacting with the
perceived stress due to environmental influences (Hankin & Abela, 2005; but
see also Kendler, Myers, & Prescott, 2002). Genetic predispositions such as
temperament might increase susceptibility to certain environmental risk factors
and thus lead to the formation of the pathology. To date, there is no
comprehensive etiological theory about the pathogenic mechanisms for the
development of social anxiety disorder (for reviews, see Brook & Schmidt,

2008; Hudson & Rapee, 2000), but several contributing factors have been

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Social Anxiety Disorder 23

pointed out. The following sections give an overview of the predominant ones.
Compared to risk factors, little attention has been drawn to potentially
protective factors. So far, several candidates have been reported, like crowd
affiliation, romantic relationships or quality of best friendships (La Greca &
Harrison, 2005). With more knowledge about protecting factors, more profound
preventive interventions might be designed and thus help lowering the risk for

developing SAD.

4.4.1 Heritability and genetic influence

Several familial studies have shown an aggregation of social anxiety disorder in
first-degree relatives of patients with SAD compared to relatives of non-socially-
anxious controls (Fyer, Mannuzza, Chapman, Liebowitz, & Klein, 1993;
Hettema, Neale, & Kendler, 2001; Merikangas, Lieb, Wittchen, & Avenevoli,
2003). In familial studies, however, genetics and environmental factors are
intertwined. From twin-studies, which help disentangle the genetic contribution,
there is some evidence for a specific genetic heritability, with higher
concordance rates in monozygotic twins than in dizygotic twins (e.g. Kendler,
Neale, Kessler, Heath, & Eaves, 1992). In those studies, the variance explained
by genetic factors, however, varies between 0.13 - 0.60 (Hallett, Ronald,
Rijsdijk, & Happé, 2012; Hettema, Neale, Myers, Prescott, & Kendler, 2006;
Kendler et al., 1992). A recent meta-analysis of 13 twin-studies on social
anxiety and SAD reports estimates of 0.42 for genetic contribution and 0.54 for
non-shared environmental factors, such as peer relationships (Scaini, Belotti, &
Ogliari, 2014). The influence of shared environmental factors, such as
socioeconomic status or parenting style, was low, emphasizing genetic factors
as the basis for familial transmission of social anxiety. Moreover, the impact of
genetic factors on social anxiety symptoms varied with age. Genetic factors
explained more variance in socially anxious children than in socially anxious
adults (54% in respect to 27%), where individual non-shared environmental
factors became more relevant. The authors explain this by the notion that
adults have been exposed to more social situations in their lives, thus having
more opportunities to experience social fears or develop social skills, which

could explain more of the phenotypic variance. Additionally, a genome-wide
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study on social anxiety (Gelernter, Page, Stein, & Woods, 2004) found chromo-
chromosome 16 to be implicated, proximate to the norepinephrine transporter,
a possible candidate gene (see chapter 4.4.3). Findings like this suggest that
the detection of susceptibility genes for social fears and related phenotypes
may be possible. Genome-wide pooling studies would thereby provide an

unbiased investigation of the whole genome (Stein & Stein, 2008).

Further, anxiety disorders frequently co-occur (Hettema et al., 2001). Thus, it
has been proposed that heritability in SAD might depict a predisposition for
general anxiety rather than a particular genetic strain for social anxiety disorder
(for a review, see Hudson & Rapee, 2000). Studies on this topic, however,
primarily found associations between SAD patients and their relatives but not
with other anxiety disorders, i.e. specific familial aggregation (Fyer, Mannuzza,
Chapman, Martin, & Klein, 1995; Merikangas et al., 2003).

In conclusion, research on social anxiety and SAD report familial clusters of
occurrence, with a moderate role of genetic influence (Hettema et al., 2001;
Scaini et al., 2014). In order to paint a clearer picture of the heritability of SAD,
more research is needed to differentiate any genetic predisposition either

toward general anxiousness or toward specific social anxiety.

4.4.2 Neural correlates

Eighty years ago, Papez (1937) proposed a model on the neuroanatomical
mechanisms underlying emotion processing. Since then, much research on the
neural correlates of emotions in general and anxiety in particular has been
conducted (for a review, see LeDoux, 2000). The following section gives an
overview of the brain regions that have been associated with social anxiety and
SAD.

Being an indicator for saliency of stimuli, the amygdala plays a key role in the
processing of fear (e.g. LeDoux, 2000; Zald, 2003). For example, it is involved
in regular fear conditioning. Accordingly, it has repeatedly been suggested that
amygdala activity is exaggerated in anxiety disorders (for reviews, see Rauch,
Shin, & Wright, 2003; Kent & Rauch, 2003). In addition, the insular cortex,

among other regions, has been implicated in the processing of negative
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emotions like disgust and fear (e.g. Calder, Lawrence, & Young, 2001; Damasio
et al., 2000; Ibafiez, Gleichgerrcht, & Manes, 2010), as well as salience (e.g. A.
D. B. Craig, 2009).

In SAD, hyperactivity of the amygdala and insula has been reported for threat-
related cues such as emotional faces (Evans et al., 2008; Straube et al., 2005;
Yoon et al.,, 2007) or public speaking (Lorberbaum et al., 2004; Tillfors,
Furmark, Marteinsdottir, & Fredrikson, 2002). These findings are strengthened
by a meta-analysis on negative emotion processing in anxiety disorders by
Etkin & Wagner (2007). They report hyperactivation in the bilateral amygdala
and insula for patients with SAD, specific phobias and PTSD. No regions of
hypoactivation compared to healthy controls were found in SAD. Furthermore,
in response to threatening faces, positive correlations were reported between
symptom severity of SAD (and not general trait or state anxiety) and activity in
the amygdala (Ball et al., 2012; e.g. Frick, Howner, Fischer, Kristiansson, &
Furmark, 2013; Goldin, Manber, Hakimi, Canli, & Gross, 2009; Phan,
Fitzgerald, Nathan, & Tancer, 2006) and in the insula (Ball et al., 2012; Carré et
al., 2014). The findings of Etkin and Wagner (2007) have been confirmed by a
recent meta-analysis on the neural correlates of fear-related cue processing in
SAD (Bruhl, Delsignore, Komossa, & Weidt, 2014). Here, increased activation
compared to healthy controls was consistently found in the amygdalae and the
insular cortices. Additionally, increased activation was also found in the bilateral
medial and ventrolateral prefrontal cortices; in the anterior cingulate cortex
(ACC); in the bilateral parietal cortex; and, in some of the studies, in the
bilateral hippocampus as well as in the fusiform gyrus. The fusiform gyrus is
associated with face recognition (Weiner & Zilles, 2016). Frick and colleagues
(2013) found increased activity in this structure in SAD in response to fearful
faces. While connectivity between the fusiform gyrus and amygdala was
enhanced, it was reduced between the fusiform gyrus and ventromedial PFC.
Moreover, increased connectivity between amygdala and pre- and orbitofrontal
regions has been found in SAD patients (Danti et al., 2010; Ding et al., 2011),
but also reduced connectivity (Hahn et al.,, 2011; Liao et al., 2010; Prater,
Hosanagar, Klumpp, Angstadt, & Phan, 2013; Sladky et al., 2015). Further,

increased connectivity of medial prefrontal cortex and subcortical regions such
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as thalamus and striatum have been reported (Giménez et al., 2012; Liao et al.,
2010). The prefrontal cortex (PFC) as well as the ACC, among others, have
repeatedly been associated with emotion regulation, e.g. reappraisal. It is
assumed that these regions influence activity in structures like the amygdala
and insula and thereby play an important role in the regulation of stress
(Ochsner & Gross, 2005).

In order to extend functional neuroimaging, studies using diffusion tensor
imaging (DTI) focus on structural connectivity by investigating white matter. A
review on structural alterations in SAD reports reduced connectivity in the right
uncinate fasciculus (UF) (Phan et al., 2009), a major fiber tract, connecting
frontal regions such as the orbitofrontal cortex (OFC) with limbic regions such
as the amygdala. As the OFC has been implicated in the control and reduction
of emotions (Ochsner & Gross, 2005) the authors interpret this such that
decreased top-down control leads to hyperactivation of the amygdala. This
finding was partially replicated by Baur and colleagues (2011), who found
reduced fractional anisotropy near the UF and a negative correlation of the UF
with trait anxiety in SAD. In line with the findings of reduced connectivity
between the amygdala and prefrontal regions (Hahn et al., 2011; Liao et al.,
2010; Prater et al., 2013; Sladky et al., 2015), these findings could explain why
in SAD, enhanced prefrontal activation co-occurs with decreased emotional
control. Top-down processes like reappraisal or suppression could be initiated
but not transmitted to the limbic regions properly, due to insufficient connectivity
(Bruhl et al., 2014).

Moreover, volume reductions have been found for SAD patients in
amygdala/hippocampus (lrle et al., 2010; Meng et al., 2013) and insula
(Kawaguchi et al.,, 2016). Other studies, however found an increase in
amygdalar/hippocampal volume in SAD patients (Machado-de-Sousa et al.,
2014; Talati, Pantazatos, Schneier, Weissman, & Hirsch, 2013).

Taken together, compared to healthy controls, SAD has been associated with
increased neural activity in limbic and cortical areas, more precisely in the
amygdala, insula, ACC and prefrontal cortex, describing the typical fear circuit

(e.g. Etkin, 2012; LeDoux, 2000). Connectivity studies report somewhat
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inconsistent results but nonetheless point towards an impaired emotion regula-
regulation network in SAD (Baur et al., 2011; Bruhl et al., 2014; Phan et al.,
2009). It should be noted that imaging research in SAD has thus far mainly
been concentrated on the amygdala. The exploration of other critical regions,
cortical and subcortical, as well as research on the question of how they are
interconnected has begun, but findings are still in their infancy. The integration
of findings derived from those analyses could account for the heterogeneity in
the phenotype of social anxiety disorder (see Miskovic & Schmidt, 2012). As
Stein concluded, “It is clear that we have a long way to go before we can speak

with authority about the ‘neurobiology of social phobia’.” (1998; p. 128).

4.4.3 Neurotransmitter systems

Several neurotransmitters have been associated with anxiety in general and
social anxiety in particular, including monoamines such as serotonin (Charney,
Woods, Krystal, & Heninger, 1990), glutamate (Phan et al., 2005), gamma-
aminobutyric acid (GABA) (Pollack, Jensen, Simon, Kaufman, & Renshaw,
2008), as well as dopamine and norepinephrine (Mathew, Coplan, & Gorman,
2001) To date, alterations in serotonergic and dopaminergic transmission

systems have received the most attention in the research on SAD.

Association between serotonergic functioning and anxiety is suggested by the
effectiveness of selective serotonin reuptake inhibitors (SSRIs) in many anxiety
disorders including SAD (for reviews, see Koen & Stein, 2011; van der Linden,
Stein, & van Balkom, 2000). This is underpinned by a PET-study that found
reduced serotonin receptor (5-HT14) binding potential in SAD (Lanzenberger et
al., 2007). Moreover, in recent years, there has been research on the functional
polymorphism of the serotonin transporter (5-HTT) gene. It mediates the
reuptake of serotonin in the synapse, with the short allele accounting for
decreased serotonin transporter expression (Heils et al., 1996; Lesch et al.,
1996). The amygdala is densely innervated by serotonergic fibers (Bauman &
Amaral, 2005). Accordingly, variations in the alleles of the 5-HTT polymorphism
have been associated with amygdala reactivity (Furmark et al., 2009; Hariri et
al., 2002). As social anxiety is associated with increased amygdala

responsiveness, variation in this polymorphism appears to be a promising
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candidate in the etiological research on SAD. The literature, however, is mixed,
with some studies reporting higher manifestations of social anxiety in carriers of
the short allele (Blom et al., 2011; Domschke et al., 2008; Furmark et al., 2004),
and others finding associations between the long allele and social anxiety
(Arbelle et al., 2003; Reinelt et al., 2013), or no linkage whatsoever (Stein,
Chartier, Kozak, King, & Kennedy, 1998).

Further, dopamine has been suggested as another factor involved in the
psychopathobiology of SAD. Patients with SAD exhibit lower densities of striatal
dopamine reuptake sites compared to healthy controls (Cervenka et al., 2012;
Schneier et al., 2000; Tiihonen et al., 1997; but see also Schneier et al., 2009).
Moreover, relatively high manifestations of social anxiety have been reported
for patients suffering from Parkinson’s disease (Stein, Heuser, Juncos, & Uhde,
1990), a disorder caused by the degeneration of dopaminergic cells in the
substantia nigra. A recent genome-wide study suggested the norepinephrine
transporter as a possible candidate gene for SAD (Gelernter et al., 2004). This
protein plays a crucial role in reuptake of norepinephrine and dopamine, and is
a target for medication in the treatment of SAD with substances such as

venlafaxine (Gorman & Kent, 1999).

4.4.4 Interactional aspects
Behavioral inhibition

Behavioral inhibition (Bl) describes a tendency in infancy and early childhood to
react with wariness, fear and withdrawal to novel situations and unfamiliar
persons (Coll, Kagan, & Reznick, 1984; Kagan, Reznick, & Gibbons, 1989).
Behaviorally inhibited children are less likely to initiate social interactions and
show less approach behavior than their uninhibited contemporaries (Coplan,
Rubin, Fox, Calkins, & Stewart, 1994). Moreover, they exhibit increased
physiological activity at rest, including heart-rate, pupil-dilation and cortisol
level (Kagan, Reznick, & Snidman, 1987; for a review, see Fox, Henderson,
Marshall, Nichols, & Ghera, 2005), and greater sensitivity to novelty in terms of
physiological responsivity and behavioral response (for a review, see

Helfinstein, Fox, & Pine, 2012). Hence, behavioral inhibition is considered a
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temperamental precursor to anxiety disorders. Evidence from prospective stud-
studies links Bl and the risk for developing SAD (for a meta-analysis, see
Clauss et al., 2014).

Parental style and modeling

Most studies regarding parenting practices in SAD are retrospective, and use
socially phobic childrens’ reports of their parents’ behavior rather than
observations of the actual parental interaction. In an observation paradigm,
Hudson and Rapee (2001) found a more controlling parental style in mothers of
clinically anxious children (separation anxiety disorder, generalized anxiety
disorder, social phobia, and specific phobia) than in mothers of non-anxious
children. Parental rejection and overprotection in particular seem to be critical
factors in the development of social anxiety (Bdgels, van Oosten, Muris, &
Smulders, 2001; Lieb et al.,, 2000). Further, socially anxious parents may
transmit their behavior and cognitive style to their children via modeling. This
includes talking about their own social anxiety, expressing themselves as
visibly anxious or embarrassed, and avoidance behavior (Aktar, Majdandzi¢, de
Vente, & Bogels, 2014; de Rosnay, Cooper, Tsigaras, & Murray, 2006; Murray,
Cooper, Creswell, Schofield, & Sack, 2007). Moreover, familial isolation and
showing concern for the opinion of others might also be adopted through
modeling/ and thus contribute to social fears in children (for a review, see Fisak
& Grills-Taquechel, 2007).

4.4.5 Attention & perception in SAD

Cognitive theories postulate an attentional bias for threat in SAD (e.g. Beck,
1979; Clark & Wells, 1995; Rapee & Heimberg, 1997). In particular, it is
assumed that information processing in SAD is biased to the effect that they
are hypervigilant to negative or threatening stimuli. There is a growing body of
empirical studies supporting this claim (for a meta-analysis, see Bar-Haim,
Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007; for a review

on neuroimaging data, see Schulz, Mothes-Lasch, & Straube, 2013).
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Furthermore, Miskovic and Schmidt (2012) showed that highly socially anxious
individuals exhibit heightened vigilance toward angry faces compared to
controls, and even toward ambiguous faces (50% threat, 50% neutral). In
accordance with this, Klumpp and colleagues (2010) reported exaggerated
amygdala reactivity to moderately threatening morphed faces (50-60%

intensity) in SAD compared to healthy controls.

Moreover, people with SAD are assumed to exhibit an interpretation bias for
social information, that is, they show a tendency to interpret ambiguous social
situations as negative. Evidence comes from several studies in which people
with SAD saw negative outcomes as more likely than positive outcomes (Amin,
Foa, & Coles, 1998; Foa, Franklin, Perry, & Herbert, 1996; Stopa & Clark,
2000). Further, Voncken, Bogels and de Vries (2003) report an interpretation
bias for SAD irrespective of valence; that is, not only were ambiguous situations
judged as more negative and threatening, but positive and negative ones as
well. In addition, in contrast to socially non-anxious individuals, socially anxious
people seem to lack a positivity bias, i.e. the tendency to expect positive
outcomes from ambiguous information. For example, while non-anxious
participants were faster to complete inconclusive sentences with words that led
to a positive outcome, socially anxious participants were not (Hirsch &
Mathews, 2000). Moreover, in an EEG-study, Moser and colleagues (2008)
investigated the P600, an event-related potential that indexes violations of
expectation. They found the P600 to be increased after negative sentence
endings in socially low-anxious individuals. In contrast, this positivity bias was
not apparent in socially high-anxious individuals. Finally, in a study by
Joormann and Gotlieb (2006) regarding facial recognition, participants with
SAD needed lesser intensity of emotion to correctly identify anger than either

participants with depression or healthy controls.

4.5 Cognitive theories and models

One of the most prominent cognitive models of social anxiety disorder is the
one by Clark and Wells (1995), see Fig. 4.1 (A). It has its roots i.a. in the work
of Beck and colleagues (1985), who were among the first to state that people

suffering from SAD have dysfunctional cognitions about themselves and about
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how they are perceived by others. Clark and Wells’ model goes beyond that by
submitting an explanation for the maintenance of social anxiety: The model
suggests that people with SAD have certain assumptions about social contacts.
When entering a social situation, one is exposed to the danger of behaving in
an unacceptable manner. Such behavior would have devastating consequences
such as loss of reputation and, finally, rejection. This causes an “anxiety
program” (Clark & Wells, 1995, p. 70) to start, i.e. the typical stress reaction
with changes on the physiological, cognitive, affective and behavioral level.
Patients recognize the relevant symptoms, such as accelerated heartbeat,
sweating, trembling, blushing etc. and interpret them as evidence of
inappropriate behavior, which in turn leads to an increase in physiological and
affective symptoms and eventually results in a vicious cycle. Based on their
own feelings, patients build a mental image of themselves that is thought to
reflect how they are viewed by others. On top of this, the heightened attention
towards one’s own symptoms and thoughts in a social situation (‘self as a
social object’) leaves less capacity to process relevant social cues. This
interference is recognized and again is interpreted as proof of one’s own
shortcomings. Moreover, another important aspect of the model is the use of
safety behaviors, that is, idiosyncratic cognitive and behavioral strategies to
reduce signs of anxiety. For example, such strategies may include wearing thin
clothes in order to avoid sweating and blushing, memorizing possible answers
beforehand or speaking in a low voice in order to avoid attention being drawn to
oneself. The authors further consider rumination as a maintaining factor (see
below). In short, the core elements of the model by Clark and Wells include
dysfunctional assumptions about oneself and about evaluation by others, in
combination with heightened self-focused attention and use of safety behaviors.

A similar model is that by Rapee and Heimberg (1997), shown in Figure 4.1
(B). Here, too, it is assumed that patients with SAD form a mental
representation of their appearance and how they are presumably seen by
others. Attentional resources are being drawn to that mental representation as
well as to external cues of potential threat, such as frowning etc. Additionally,
patients define a standard for performance and compare the mental

representation of themselves to that standard. Deviations lead patients to
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expect negative evaluation by others. The expected negative evaluation trig-
triggers anxiety symptoms on the physiological, cognitive and behavioral level,
which in turn influence the mental representation of the self, fueling the vicious
cycle. The main difference to the model by Clark and Wells is the assumed
focus of attention. While Clark and Wells (1995) stress that the critical
maintaining factor for SAD is self-focused attention, Rapee and Heimberg
(1997) assume that scrutinizing other people’s behavior for indications of

negative evaluation is the most relevant factor.

Rumination

Anticipatory and post event processing are additional cognitive aspects that
contribute to the maintenance of the symptomatology (e.g. Clark & Wells,
1995). Patients envision upcoming social situations and what might happen and
what could go wrong. Thoughts about the past are likely to focus on memories
of alleged failures and misbehaviors. This triggers anticipatory anxiety and
increases self-focused attention and expectation of new failures. Thus, the
person enters the situation with an already-dysfunctional mind-set or he or she
may avoid the situation in question altogether. After social interactions, post-
processing can occur, i.e. the situation is recapitulated repeatedly and in detail,
with focus on potential social lapses and indications of rejection by others.
Thus, painful feelings like shame are likely to persist even after cessation of the
social situation. Moreover, the interaction is memorized with a negative bias,

reinforcing the vicious circle.

4.6 Treatment of social anxiety disorder

Despite the high prevalence and significant personal impairments, social
anxiety disorder is highly underdiagnosed (Katzelnick et al., 2001) and fewer
than half of the diagnosed patients receive treatment (Gross et al., 2005).

4.6.1 Pharmacotherapy

In a Cochrane review on pharmacotherapy of social anxiety disorder (Stein,

Ipser, & Balkom, 2004), medication proved to be effective in the treatment of

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Social Anxiety Disorder 33

SAD. Selective serotonin reuptake inhibitors (SSRIs) in particular showed ef-
effects with respect to the reduction of core symptom severity, depressive
symptoms, and associated disabilities at work and in social contexts. Further,
monoamine-oxidase inhibitors (MAOIs) and benzodiazepines have been shown
to reduce anxiety. Shortcomings are the food and drug interaction liabilities of
MAOIs and a high potential for addiction in benzodiazepines. These findings
were confirmed by a more recent meta-analysis (Canton, Scott, & Glue, 2012).
In addition, this study reported efficacy for venlafaxine, a serotonin
norepinephrine reuptake inhibitor (SNRI). Hence, SSRIs and SNRIs are the
first-line choice in the pharmacological treatment of SAD, as also recommended
by the World Federation of Biological Psychiatry guidelines (Bandelow et al.,
2012). Pooled odds ratios [95% confidence interval] for response to SSRIs
range between 1.98 [1.07, 3.67] and 3.41 [2.51, 4.69] (Canton et al., 2012).
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Figure 4.1. A: Cognitive model of social anxiety disorder by Clark and Wells (1995).
B: Cognitive-behavioral model of social anxiety disorder by Rapee & Heimberg (1997).
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4.6.2 Psychotherapy

Two recent meta-analyses on individual and group-therapy concluded that psy-
chological interventions for SAD are effective, albeit, with the effect sizes large-
ly depending on the control condition (Acarturk et al., 2009; Wersebe,
Sijbrandij, & Cuijpers, 2013). That is, compared to waitlist, psychotherapy ex-
hibited large effects sizes (d = 0.80), whereas compared to placebo or treat-
ment as usual, effects were moderate (d = 0.36 - 0.38). Most randomized trials
on treatment effects of psychotherapy in SAD were concerned with cognitive
behavioral therapy (CBT), though some used exposure therapy, social skills
training or relaxation techniques. As many of the studies applied a mixture of
several of those treatments, no satisfying conclusions can be drawn regarding
differential effects (Acarturk et al., 2009). Earlier studies that compared expo-
sure therapy directly to CBT found no differences (Fedoroff & Taylor, 2001; for
a meta-analyses, see Feske & Chambless, 1995; Gould, Buckminster, Pollack,
Otto, & Massachusetts, 1997; S. Taylor, 1996). In more recent studies, howev-
er, CBT was superior to exposure therapy in terms of effect size (Clark et al.,
2006) and maintenance of treatment success (Hofmann, 2004). Further, there
are some randomized-controlled trial studies that compared CBT to other psy-
chological therapeutic approaches. Stangier and colleagues (2011) found larger
effects for CBT compared to interpersonal therapy. In a study by Koszycki and
colleagues (2007), CBT and mindfulness-stress reduction were both effective,
but CBT was superior. Further, CBT has been compared to psychodynamic
therapy, with comparable effects (Bogels, Wijts, Oort, & Sallaerts, 2014; Leich-
senring et al., 2013). In general, effect-sizes for psychotherapy for SAD vary
between large (Cohen’s d = 0.86) when compared to waitlist and rather small (d
= 0.36 - 0.38), when compared to placebo or treatment as usual (Acarturk et al.,
2009; Canton et al., 2012).

There are some studies that directly compared psychotherapy to medication
treatment and that included follow-ups of several months (Clark et al., 2003;
Haug et al., 2003; Liebowitz et al., 1999). Psychotherapy showed longer
maintenance of effects in all of those studies. Moreover, there is little systemat-
ic research on the effects of combined pharmacologic and psychotherapeutic

treatment for SAD. There are trends in favor of a combination therapy (Canton
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et al., 2012; Kuzma & Black, 2004) and it is recommended by most practitioners
and guidelines (Bandelow et al., 2012; Ganasen, Ipser, & Stein, 2010). Howev-
er, irrespective of treatment approach, a rather large number of patients do not
benefit sufficiently from therapy but continue to experience severe social im-

pairments (Davidson et al., 2004).

4.6.3 Other approaches

Derived from the knowledge of neurobiology underlying SAD (see chapter
4.4.2), other approaches seek directly to influence brain areas that have been
associated with social anxiety. Mainly used for treatment of depression (for a
review, see Loo & Mitchell, 2005), transcranial magnetic stimulation (TMS) was
used in two studies on SAD (Paes, Baczynski, et al., 2013; Paes, Machado,
Arias-Carrion, Silva, & Nardi, 2013). They report reductions in social anxiety
symptoms after one session of TMS over the medial prefrontal cortex. However,
those studies are case reports and implemented no control condition. Hence,
randomized sham-controlled trials are needed to corroborate their findings. In-
ternet-based treatment approaches report promising first results (for a review,
see Olthuis, Watt, Bailey, Hayden, & Stewart, 2015). This form could lower the
threshold to undergo treatment. Accessibility of treatment needs to be facilitat-
ed, as, despite the severe impairments and reduced quality of life (e.g. Kessler,
Chiu, et al., 2005), only a small number of people suffering from SAD seek
treatment (Masia, Klein, Storch, & Corda, 2001; Wells et al., 2006; Wittchen,
Stein, & Kessler, 1999).

Taken together, CBT has the broadest empirical foundation and seems to be
the most effective psychotherapeutic approach. Compared to medication, CBT
has been shown to be superior, especially in the long-term. First-line
pharmacotherapeutic choices are SSRIs or SNRIs. Regarding other psycholog-
ical approaches and combination therapy, further research is needed.

4.7 Social performance in social anxiety disorder

Several cognitive models of social anxiety disorder (SAD) foreground dysfunc-

tional cognitions and biased perception of the self as central maintaining factors
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(Clark & Wells, 1995; Rapee & Heimberg, 1997). Some models also mention
impeded social performance as one factor (e.g. Clark, 2005; Clark & Wells,
1995). In those models, performance deficits are mostly seen as a conse-
guence of the anxiety as well as a way to handle it via safety behaviors such as

avoiding eye-contact (Clark & Beck, 2011).

The possibility of actual deficits in social interactions in SAD has already
emerged in the discussion of the lack of social skills in those patients (Hofmann
& Barlow, 2002). While early researchers in the seventies and eighties held the
opinion that social skill deficits were the central factor in the psychopathology of
SAD and resulted in a fear of negative evaluation (Stravynski & Greenberg,
1989; Trower, Bryant, & Argyle, 1978), other studies called such deficits into
question (Clark & Arkowitz, 1975; Hofmann, Gerlach, Wender, & Roth, 1997;
Rapee & Lim, 1992; Stopa & Clark, 1993). Moreover, unsatisfying outcomes
from pure social skill trainings (for a review, see Ponniah & Hollon, 2008) sug-
gested that this thesis falls short and calls for a more elaborate framework.
More recent conceptualizations suggest that patients with SAD may possess
social skills after all, but that they are unable to draw on those skills in times of
distress and anxiety, resulting in social performance deficits (Hopko, McNeil,
Zvolensky, & Eifert, 2001). A clearer picture, however, has evolved regarding a
biased self-perception, with patients underestimating their own behavior in so-
cial interactions (Rapee & Lim, 1992; Stopa & Clark, 1993; Voncken & Bogels,
2008). But there may be a core of truth to the negative viewpoint of SAD.

A growing body of evidence shows actual deficits in social performance for so-
cially anxious non-clinical samples (Beidel, Turner, & Dancu, 1985; Bogels,
Rijsemus, & Jong, 2002; Thompson & Rapee, 2002; Twentyman & MckFall,
1975) as well as for patients with SAD (Baker & Edelmann, 2002; Fydrich,
Chambless, Perry, Buergener, & Beazley, 1998; Stopa & Clark, 1993; Voncken
& Bogels, 2008). Moreover, socially anxious individuals are less liked than
healthy controls in short interactions with strangers (Alden & Wallace, 1995;
Creed & Funder, 1998; Meleshko & Alden, 1993; Voncken & Bodgels, 2008;
Voncken & Dijk, 2013).
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4.8 Social cognition in social anxiety disorder

The ability to identify other people's emotions and infer their mental states var-
ies across individuals. An examination of this ability is especially relevant in
disorders where the main problem area regards social interaction, such as so-
cial anxiety disorder. Deficits in social interactive functioning have been ob-
served in social anxiety disorder (see 4.7). Those deficits not only depict a dis-
abling clinical characteristic but also contribute to maintenance of the disorder
(Clark & Wells, 1995; Rapee & Heimberg, 1997). Thus, the investigation of
cognitive processes underlying social interaction behavior is of special interest
in disorders like SAD.

Social cognitive deficits have been reported for psychiatric disorders that show
impairments in social functioning, such as autism (Baron-Cohen, 2000), or
schizophrenia (Couture, Penn, & Roberts, 2006; Green, Horan, & Lee, 2015). In
SAD, literature regarding emotion recognition is ambiguous, with some studies
reporting deficits and others finding no differences in SAD compared to healthy
controls. A meta-analysis comes to the conclusion that emotion recognition is
not severely impaired in SAD, if at all. By contrast, attributional biases (see
chapter 4.4.5) were markedly apparent in SAD (d = -1.15; Plana, Lavoie,
Battaglia, & Achim, 2014). Another meta-analysis reviewed studies regarding
emotion recognition (O’'Toole, Hougaard, & Mennin, 2013). They found social
anxiety to be strongly associated with diminished understanding of one's own
emotions, but only weakly associated with diminished recognition of the feel-
ings of others. Further, there are few studies that investigated cognitive empa-
thy/theory of mind in SAD. Some report deficits in SAD (Buhlmann, Wacker, &
Dziobek, 2015; Hezel & McNally, 2014; Washburn, Wilson, Roes, Rnic, & Hark-
ness, 2016), while others found no differences to healthy controls (Jacobs et
al., 2008). Moreover, one study found economic exchange games leading to
reduced activation in the medial prefrontal cortex in SAD compared to healthy
controls, a region that has been associated with theory of mind (Sripada et al.,
2009). However, contrary results have been reported, too. One study found
highly socially anxious individuals to exhibit increased scores for cognitive em-

pathy in a self-rating compared to lower socially anxious participants (Tibi-
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Elhanany & Shamay-Tsoory, 2011). In another study, social anxiety was asso-
ciated with increased cognitive empathy under social threat (Auyeung & Alden,
2016). Even less is known about emotional empathy in SAD. In a healthy sam-
ple, there was a small association between social anxiety and self-reported
emotional empathy (Davis, 1983). A recent study that compared empathy in
SAD and healthy controls found no differences in cognitive empathy and found
reductions in emotional empathy only for positive emotions (Morrison et al.,
2016).

In conclusion, the literature on social cognition in SAD has hitherto provided a
rather ambiguous picture, with several studies reporting no differences to
healthy controls, as well as scattered indices of an impaired social cognitive
functioning, especially for complex emotions (O’Toole et al., 2013). As social
cognitive abilities are an important prerequisite for successful social interac-
tions, deficiencies in this domain would have considerable consequences for
people with SAD. Moreover, the ambiguity of findings may indicate that people
suffering from social anxiety disorder represent a rather heterogeneous group
and that the consideration of further discriminating aspects may be necessary.
Thus, for the investigation of social interaction behavior in SAD, the present
thesis took empathic abilities into account as a crucial prerequisite for social

interactions.

4.9 Stress in social anxiety disorder

In primates, social stress as constituted by a subordinate status is associated
with elevated HPA-axis functioning (R. M. Sapolsky, Alberts, & Altmann, 1997,
Sassenrath, 1970). This could lead to the assumption of a general overactive
HPA-axis in SAD. In a study measuring 24-hour cortisol and post-
dexamethasone cortisol levels, however, no deviations were found for SAD
compared to healthy controls (Uhde, Tancer, Gelernter, & Vittone, 1994). Fur-
thermore, several studies found no differences in baseline cortisol between
SAD and healthy controls, either (Condren et al., 2002; Martel et al., 1999;
Potts, Davidson, Krishnan, Doraiswamy, & Ritchie, 1991). Others even reported
reduced basal cortisol levels in SAD (Beaton et al., 2006) and associated this

with a blunted HPA-axis reactivity, as hypothesized for post-traumatic stress
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disorder (Heim, Ehlert, & Hellhammer, 2000; Yehuda, Giller, Southwick, Lowy,
& Mason, 1991).

In addition to the examinations of baseline cortisol levels, there are several
studies on the stress reaction in SAD. The literature, however, is mixed (see
table 2.1). Klumbies and colleagues (2014), for example, used the TSST to in-
duce stress and examined the stress reaction in SAD and healthy controls on
the endocrine, autonomic and subjective level. Differences between groups
were only observed in the subjective stress response. Another study reported
finding two subgroups of SAD patients: One subgroup (n = 9) showed a strong-
er cortisol increase compared to the control group, while the other subgroup (n
= 11) did not respond to the stress and showed a stronger decrease in cortisol
compared to the non-responder controls (Furlan, DeMartinis, Schweizer, Rick-
els, & Lucki, 2001). In short, previous findings have failed to generate a clear
picture of the physiological stress response in individuals with social anxiety

disorder.

Inconsistency in findings might be due to the different stress induction methods
used (e.g. speech, conversation, watching an embarrassing movie). Besides
this, differences in sample characteristics might also contribute to the equivocal
results. Some studies used clinical samples of SAD (e.g. Furlan et al., 2001;
Klumbies et al., 2014), while others applied social anxiety screenings in non-
clinical samples (e.g. Beidel et al., 1985). Further, comorbidity status and medi-
cation can have an influence on stress measures, which was not accounted for
in all of the studies. Thus, patients with SAD often suffer from comorbid de-
pression, which has been associated with dampened cortisol responses (Burke,
Davis, Otte, & Mohr, 2005; for reviews, see Kudielka & Wust, 2010). Medica-
tion, such as antidepressants (Barden, Reul, & Holsboer, 1995; Pariante et al.,
2004), and even short-term drugs have been shown to affect HPA-activity
(Kudielka, Hellhammer, & Wust, 2009). In addition, three studies investigated
stress reaction in children with SAD (Kramer et al., 2012; Martel et al., 1999;
van West et al., 2008) and therefore have to be interpreted with caution when
focusing on the stress reaction in adults, as age has been related to variations
in the physiological stress response (Kudielka, Buske-Kirschbaum, Hellham-
mer, & Kirschbaum, 2004a, 2004b; for a meta-analysis, see Otte et al., 2005).
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In addition, there is evidence that patients suffering from SAD experience social
stress more frequently (Beidel, Turner, & Morris, 1999; Farmer & Kashdan,
2015; Yeganeh, 2005). As a biological function that prepares the individual to
respond to threat, the stress response temporarily suppresses long-term func-
tions that are not immediately needed, such as growth and immune system
function (Johnson, Kamilaris, Chrousos, & Gold, 1992; Segerstrom & Miller,
2004). While this is adaptive for facing current challenges, cumulated activation
of the stress system promotes a state of allostatic load, as described by McEw-
en (1998b), thereby leading to elevated risk for stress-related disorders
(Chrousos, 2009). Accordingly, SAD has been, among other anxiety disorders,
associated with an increased risk for coronary heart disease (Kawachi, Spar-
row, Vokonas, & Weiss, 1994; Shen, Wachowiak, & Brooks, 2005).

Taken together, the literature on the physiological stress reaction in SAD is
ambiguous and limited by inconsistent and partly unstandardized stress induc-
tion methods. In the present study we investigated stress reaction in SAD and
healthy controls using a standardized and well-established method to induce
psychosocial stress, the Trier Social Stress Test for Groups (TSST-G; von
Dawans et al., 2011). Stress responses were assessed on both the physiologi-
cal level, i.e. in the hypothalamus-pituitary adrenal (HPA) axis and the sympa-

thoadrenal medullary (SAM) system, and on the subjective level.
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5 Summary and Objectives of the Thesis

To date, little is known about the consequences of acute stress in patients with
social anxiety disorder. The literature on the physiological stress reactivity in SAD
is highly inconsistent. Moreover, a growing body of research describes increased
affiliation behavior in healthy participants after stress. However, with key symp-
toms of this disorder being fear of social interactions and avoidance of such situa-
tions, it is unclear, whether people suffering from SAD exhibit similar social be-
havioral reaction to stress. A better understanding of the effects of acute stress
on social behavior in SAD as well as its underlying psychophysiological mecha-
nisms may extend our understanding of this and related disorders and further-
more may promote the development of individually adapted and more effective

treatments.

For this reason, we conducted a study to shed further light on the effects of stress
in social anxiety disorder. The results are presented in two empirical chapters.
The objective of the first chapter was the examination of the stress response in
patients with social anxiety disorder compared to healthy controls. Stress manipu-
lation was realized using a standardized well-established stress induction meth-
od, the TSST-G (von Dawans et al., 2011), and stress reactivity was assessed on
an endocrine, cardiovascular and subjective level. The aim of the second chapter
was to gain more insight into the effects of acute stress on social interaction be-
havior and possible modulating influences of individual empathic abilities in pa-
tients with SAD compared to healthy controls. Therefore, empathic abilities were
examined using the Multifaceted Empathy Test (Dziobek et al., 2007), and social
interaction behavior in response to stress was assessed by applying both a natu-
ralistic conversation paradigm as well as a laboratory task on social decision-
making. In section IV of this thesis, the insights from both research questions will
be summarized and critically discussed in consideration of methodological limita-

tions. Finally, open questions and goals for future research will be delineated.
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1l EMPIRICAL RESEARCH SECTION

6  Study Overview

The results presented in this section derive from an experimental study on the ef-
fects of stress on social interaction behavior in social anxiety disorder (SAD) and
healthy controls (HC). The present study is the first one to use the TSST-G in SAD
patients. This section gives an overview of the general study design, participants,
procedure and stress induction method. Instruments specific to one of the two in-

dividual empirical chapters will be described in the relevant chapter.

6.1 Study design

In order to examine the effects of acute stress in social anxiety disorder, SAD pa-
tients and matched healthy controls were assigned to the stress or no-stress con-
dition of the Trier Social Stress Test for Groups (TSST-G; von Dawans et al.,
2011). The study was a single-blind randomized controlled trial with a 2x2 be-
tween-subjects design with the factors group (SAD vs. HC) and stress (stress vs.
no-stress). Participants came to the laboratory twice, first for a diagnostic session

and then for the actual experiments.

6.2 Participants

Male participants were recruited via advertising in local newsletters, informational
talks on social anxiety, notices and flyer dissemination, as well as via our Universi-
ty research register. Due to influences of female menstruation cycle on cortisol
levels (Gordon & Girdler, 2014) and marked sex differences in social experiments
(for a review, see Eagly, 2009), the study focused on men only. An online ques-
tionnaire was used to screen out participants who were female, younger than 18
years or older than 55 years of age, or who smoked more than five cigarettes per
day, as smoking has been shown to influence HPA-axis functioning (Rohleder &
Kirschbaum, 2006). The questionnaire also included the Social Interaction Anxiety
Scale (SIAS) and the Social Phobia Scale (SPS). Depending on their score in the
SIAS, participants were included as potential participants for the SAD (> 30) or HC
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group (0 - 30). Following the online questionnaire, telephone interviews were con-

ducted to apply further exclusion criteria (see below).

A total of 182 men participated in the study. In the SAD group, exclusion criteria
were any other current mental disorder except SAD or avoidant personality disor-
der. In the control group, participants were excluded if they had any current or past
diagnosis of a mental disorder. Further exclusion criteria for both groups were:
neurological disorders, shiftwork, current use of medication, drug or alcohol abuse.
Additionally, participants were excluded if they were students of psychology or
economics and if they were not naive to the TSST procedure or decision para-
digm. Healthy controls were matched by age, education and intelligence (verbal 1Q
test; Schmidt & Metzler, 1992). The study was approved by the local ethics com-
mittee of the University Freiburg and participants gave written informed consent on

both study days.

For the first appointment, 100 participants were recruited for the SAD-group and
82 for the HC group. From these, n = 55 had to be excluded and were not invited
for the second appointment due to the following reasons: did not meet full criteria
for diagnosis of SAD (n = 22), took HPA-axis relevant medication (n = 3), met cri-
teria for current or lifetime mental disorder other than SAD or in the HC-group (n =
13), marihuana consumption (n = 3), had moved (n = 2), insufficient language abili-
ties (n = 2), not naive to the decision paradigm (n = 2), working night shifts (n = 1),
decided against participation (n = 6), not available via telephone and email (n = 1).
In total, 127 subjects (64 SAD; 63 HC) were invited to the second appointment and
underwent the experiment. From the experimental sample, four subjects with SAD
and ten healthy controls had to be excluded due to the following reasons: BMI > 30
(n = 2), current use of antidepressant (n = 1), current use of HPA-axis relevant
medication (n = 1), LSAS score of 63 in healthy control (n = 1), critically elevated
global BSI score (T-value > 63; Derogatis & Melisaratos, 1983) in healthy control
(n = 2), use of painkillers (n = 3), shifted circadian rhythm (n = 1), verbal IQ more

than two SD under mean (n = 3).

Thus, the final sample consisted of N = 113 subjects, with n = 60 SAD, age 28.23
t+ 8.98 years (mean + SD) and n = 53 healthy controls, age 27.38 £ 6.51. Partici-
pants were divided into 6-person groups which were randomly assigned to the two

conditions of the TSST-G. Subjects received a flat fee of 40 Euros and could earn

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Study Overview 47

additional money in the social-interaction paradigm € 5.68 + € 0.92 (mean £ SD). A
second group of 127 participants was recruited as interaction partners for the tar-
get participants. This second group did not participate in the TSST-G or any of the

other measures and was only involved in the interaction games.

6.3 Procedure

On the first appointment, participants conducted a computer experiment testing
social cognition, the Multifaceted Empathy Test (MET; Dziobek et al., 2007). The
MET is a test for the assessment of cognitive and emotional empathy (for details,
see chapter 8.2.6). Afterwards, diagnostics was carried out using the SKID I and
SKID Il (German version of the Structural Clinical Interview for DSM |V; Wittchen,
Zaudig, & Fydrich, 1997). If participants met inclusion criteria, they were invited to

the second day of study.

For the second day of study, participants were asked not to do physical exercise
and to abstain from caffeine, nicotine, alcohol and medication for 24 hours prior to
the experiment. On the day itself, they were asked to have a regular meal and ab-
stain from any food and drinks besides water for two hours before the start of the
experiment. Sessions started between 5 and 6 p.m. to control for diurnal variation
in cortisol secretion. Duration was 2.5 hours. Groups of four to six subjects were
tested simultaneously. In a randomized controlled between-subjects design, pa-
tients and healthy controls were assigned either to the stress or to the control con-
dition of the TSST-G, with each session containing subjects of both groups. After
instructions and baseline questionnaires, participants underwent the TSST-G. Re-
sults from the stress reaction are presented in the first empirical chapter of this
thesis, (Chapter 7). Following each of the two parts (speech/reading and mental
arithmetic/counting), participants had to make their decisions for the social deci-
sion paradigm. Subsequently, participants were informed that the next task would
be a conversation with a stranger. Participants were guided into separate rooms
where a confederate was waiting and the conversation task took place. Results
from the decision paradigm and the conversation task are presented in the second
empirical chapter (Chapter 8). After the conversation, participants came back into
the computer lab for further questionnaires and saliva sampling. See Fig. 6.1 for

time course of study day two. All participants received monetary compensation.
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Figure 6.1. Experimental course (adapted from von Dawans et al., 2011). TSST-G = Trier
Social Stress Test for Groups. VAS = visual analogue scale.

6.3.1 Stress induction

Stress was induced using the Trier Social Stress Test for Groups (TSST-G; von
Dawans et al., 2011), a standardized laboratory protocol for the induction of psy-
chological stress in groups. During the protocol, subjects are separated by dividing
walls to prevent interaction between them. The TSST-G comprises two conditions,
a stress and a control (no-stress) condition. In the stress condition, participants
have to give a two-minute free speech for a mock job interview and do a mental
arithmetic task, both in front of two evaluators and two cameras. In the no-stress
condition, all parameters are kept constant except for the stress inducing compo-
nents, particularly socio-evaluative threat and uncontrollability. That is, participants
in the no-stress condition have to read a text in a low voice and recite number se-
ries instead of giving a free speech and doing mental arithmetic. Also, they are not
videotaped. The TSST-G provides a moderate psychosocial stress induction and
has been proven reliably to result in activation of the pituitary-adrenal axis with el-
evated cortisol levels, as well as significant cardiovascular and subjective stress
responses (e.g. Boesch et al., 2014; Buckert, Kudielka, Reuter, & Fiebach, 2012;
Hostinar, McQuillan, Mirous, Grant, & Adam, 2014; Kumsta, Chen, Pape, & Hein-
richs, 2013; Smyth et al., 2015; von Dawans et al., 2012, 2011).
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6.3.1 Additional psychometric measures

For the assessment of social anxiety as a continuous variable, the self-report
measures Social Interaction Anxiety Scale (SIAS; Mattick & Clarke, 1998; German
version by Stangier, Heidenreich, Berardi, Golbs, & Hoyer, 1999) and the Lie-
bowitz Social Anxiety Scale (LSAS; Liebowitz, 1987; German version by Stangier
& Heidenreich, 2005) were used. The SIAS consists of 20 items that describe the
participant’s reaction to social interactions in dyads and groups. The SIAS has
been shown to be a valid and reliable measure of social anxiety (Mattick & Clarke,
1998). This has been confirmed for the German version of the SIAS (Stangier et
al., 1999). The LSAS assesses magnitude of anxiety and frequency of avoidance
in a wide range of social situations with 24 items. Reliability (Cronbach’s a = 0.96)
and validity have been demonstrated (Heimberg et al., 1999). For the German ver-
sion, internal consistency and convergent validity are satisfying (Stangier & Hei-
denreich, 2005). In order to assess general burden of psychological symptoms, the
Brief Symptom Inventory (BSI; Derogatis & Melisaratos, 1983; German version by
Franke, 2000) was administered and for the assessment of depressive symptoms,
the Beck Depression Inventory (BDI-Il; Beck, Steer, & Brown, 1996; German ver-
sion by Hautzinger, Keller, & Kuhner, 2006) was used. For the assessment of the
verbal intelligence, the Wortschatztest (Schmidt & Metzler, 1992) was adminis-
tered. It's validity and reliability (Cronbachs a = .94) have been demonstrated
(Schmidt & Metzler, 1992).

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



50 EMPIRICAL RESEARCH SECTION

7 Empirical Chapter I:

Stress Reaction in Social Anxiety Disorder

7.1 Introduction

Social anxiety disorder (SAD) is the third most common mental disorder in West-
ern societies after depression and alcohol addiction, displaying a lifetime preva-
lence of 7-13% (Fehm et al., 2005; Kessler, Berglund, et al., 2005). People suffer-
ing from SAD exhibit a distinct and persistent fear of social situations that could
involve scrutiny by others (APA, 2013). Physiological arousal is a main part in
SAD’s diagnostic criteria ("[...] anxiety, which may take the form of a situationally
bound or situationally pre-disposed panic attack” (APA, 2013), as well as in its
explanatory models (Clark & Wells, 1995; Rapee & Heimberg, 1997). In these
models, it is assumed that the perception of symptoms such as accelerated
heartbeat, sweating or trembling encourages dysfunctional cognitions about one’s
own appearance. This in turn amplifies the physiological reactions, thus triggering
a vicious circle. Nonetheless, it is unclear whether the physiological arousal in re-
sponse to stress is actually elevated in SAD. Further knowledge of the stress re-
action in SAD would deepen our understanding of the psychopathophysiology of
this disorder, thereby building the groundwork for the further development of

adapted therapeutic approaches.

Neuroimaging studies have yielded evidence that SAD patients exhibit elevated
amygdala reactivity in response to social threat cues like faces (Evans et al.,
2008; Straube et al., 2005; Yoon et al., 2007) or public speaking (Lorberbaum et
al., 2004; Tillfors et al., 2002). The amygdala plays a vital role in the detection of
threat and, via projections to the hypothalamus and brainstem, in the regulation of
the subsequent endocrine and autonomous stress response (Forray & Gysling,
2004; Gray, 1993). Thus an exaggerated physiological response to stress might
be expected in patients with SAD. However, the literature on the endocrine and
cardiovascular stress response in SAD is mixed. Some studies report hyperactivi-
ty in SAD as measured by salivary cortisol response (Roelofs et al., 2009; van
West et al., 2008; Yoon & Joormann, 2012), plasma cortisol response (Condren
et al., 2002) or heart rate (Beidel et al., 1985; Gerlach et al., 2001). Others de-
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tected no differences compared to healthy controls in salivary cortisol (Klumbies
et al., 2014; Kramer et al., 2012; Martel et al., 1999), plasma cortisol (Levin et al.,
1993) or heart rate (Beaton et al., 2006; Edelmann & Baker, 2002; Grossman,
2001). Klumbies and colleagues (2014) for example, used the TSST to induce
stress and examined the stress reaction in SAD and healthy controls on the en-
docrine, autonomic and subjective level. Differences between groups were only
observed in the subjective stress response. Another study reported finding two
subgroups of SAD patients: One subgroup (n = 9) showed a stronger cortisol in-
crease than the control group, while the other subgroup (n = 11) did not respond
to the stress and revealed a stronger decrease in cortisol than the non-responder
controls (Furlan et al., 2001). In short, these findings have failed to generate a
clear picture of the physiological stress response in individuals with social anxiety

disorder.

Inconsistent findings might be due to the different stress induction methods used
(e.g., speech, conversation, watching an embarrassing movie). Moreover, differ-
ences in sample characteristics might also contribute to mixed results. Some
studies used clinical samples of SAD (e.g., Furlan et al., 2001; Klumbies et al.,
2014), while others applied social anxiety screenings in non-clinical samples e.g.,.
Beidel et al., 1985). Three other studies investigated stress reaction in children
with SAD (Kramer et al., 2012; Martel et al., 1999; van West et al., 2008) and
must therefore be interpreted with caution when focusing on the stress reaction in
adults, as age is known to influence the physiological stress response (Kudielka
et al., 2004a, 2004b).

Taken together, the physiological stress reaction in SAD is not entirely under-
stood and the literature is limited by inconsistent and partly unstandardized stress
induction methods. In the present study we investigated stress reaction in SAD
and healthy controls using a standardized and well-established method to induce
psychosocial stress, the Trier Social Stress Test for Groups (TSST-G; von
Dawans et al., 2011). Stress responses were assessed on both a physiological
level, ie, in the hypothalamus-pituitary adrenal (HPA) axis and the sympatho-
andrenalmedullary (SAM) system, and on a subjective level. HPA-axis and SAM
system responses are considered the most important biomarkers of psychosocial

stress (Foley & Kirschbaum, 2010). Cortisol is considered the best characterized
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marker of HPA-axis activity (Foley & Kirschbaum, 2010). Salivary cortisol has
been shown to be closely correlated with unbound cortisol in plasma (Kirschbaum
& Hellhammer, 1989; Teruhisa et al., 1981), thus qualifying as a valid and practi-
cal parameter for investigating HPA-axis activity (see chapter 2.1.3 for details).
Systematic investigation of the stress reaction in SAD in the two major stress
pathways may enhance our understanding of the fundamental processes in this

disorder when subjects are confronted with social situations.

Therefore, the aim of this study was to examine the acute stress reaction in SAD
on the subjective, autonomic and endocrine level. To compare the stress reaction
to the response of healthy individuals, a group of matched healthy controls was
included. Our hypothesis was that the subjective stress response would be higher
in SAD than HC. Regarding SAD patients’ endocrine and autonomic stress re-
sponse, inconsistent results from prior studies did not enable us to formulate di-
rectional hypotheses, which is why we explored potential differences between

those groups.

7.2 Methods

7.2.1 Study design and procedure

The study was a single-blind randomized controlled trial with a 2x2 between-
subjects design with the factors group (SAD vs. HC) and stress (stress vs. no-

stress). See chapter 6 for a detailed description of the experimental procedure.

7.2.2 Participants

For details on subject recruitment, sample description and procedure, see chapter
6.2. The final sample consisted of N = 113 subjects, with n = 60 SAD, age 28.23 +
8.98 years (mean £ SD) and n = 53 healthy controls, age 27.38 + 6.51. Patients
with SAD and healthy controls were randomly assigned to the stress and no-
stress condition of the TSST-G resulting in the following distribution: n = 30 SAD

stress; n = 30 SAD no-stress; n = 26 HC stress; n = 27 HC no-stress.
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7.2.3 Stress induction

Stress was induced by the Trier Social Stress Test for Groups (TSST-G; von
Dawans et al., 2011), a well-established standardized laboratory protocol for the
induction of psychological stress in groups. For detailed description, see chapter
6.3.1.

7.2.3.1 Endocrine and cardiovascular stress response

Free cortisol was repeatedly assessed via saliva sampling using cotton rolls
(Salivette; Sarstedt, Nimbrecht-Rommelsdorf, Germany). Saliva was sampled be-
fore (-5 min.), during (+17 min.) and after cessation of stress induction (+30 min.),
as well as at the end of the session after recovery (+90 min.). As is well known,
cortisol gradually increases and peaks with a delay of 10-30 min. (Kirschbaum &
Hellhammer, 1989). Consequently, we assessed salivary cortisol at an additional
10 min. after stress cessation (+40 min.) in order to depict the peak of the cortisol

reaction.

Saliva samples were stored at -20° C. For biochemical analyses of free cortisol
concentration, saliva samples were thawed and spun at 3.000 revolutions per mi-
nute for 10 min to obtain 0.5 to 1.0 ml of clear saliva with low viscosity. Salivary
cortisol concentrations were determined by a commercially available chemilumi-
nescence immunoassay (CLIA; IBL, Hamburg, Germany). Inter- and intra-assay
coefficients of variation were below 8%. For one participant of the HC-stress
group, saliva samples of the first four time points were empty due to inaccurate
usage of the sampling device. Cortisol analysis were therefore conducted with n =
52 healthy controls. For the identification of responders and nonresponders, a
sound physiological stress response was defined as a cortisol increase by at least
1.5 nmol/l (Miller, Plessow, Kirschbaum, & Stalder, 2013). Within the SAD-stress
group, 22 out of 30 subjects (73.3%) showed a cortisol response of 1.5 nmol/l or
more. Mean increase was 9.73 (x8.33 SD) nmol/l. Within the HC-stress group, 23
out of 27 subjects (85.2%) showed a cortisol response of 1.5 nmol/l or more.
Mean increase here was 9.23 (£9.95 SD) nmol/l. Percentage of responders did
not differ between groups, U = -1.09, p = .277. In the no-stress condition, mean
increase was -1.04 (x2.80 SD) nmol/l for healthy controls and -1.31 (£3.20 SD)

nmol/l for SAD. In the SAD group, three subjects in the no-stress condition

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



54 EMPIRICAL RESEARCH SECTION

showed an increase above 1.5 nmol/l. One healthy participant showed a cortisol
increase by 9 nmol/l in the no-stress condition. It was abstained from separate
analyses of nonresponders, as sample size was too small and the study had not

been designed for this specific comparison.

For the autonomic stress response, beat-to-beat intervals of heart rate (aggregat-
ed to mean levels per minute) were recorded throughout the experiment. A chest
strap transmitter with wrist monitor recorder served as a heart rate device
(800CX, Polar Electro, Oy, Kempele, Finland). For the baseline phase of the
TSST-G, an aggregated measure (mean of 5 min.) was calculated. Heart rate
analyses included 36 one-minute intervals (1 min. aggregated baseline, 5 min.
anticipation, 12 min. speech/reading, 5 min. decisions set |, 8 minutes mental
arithmetic/counting, 5 min. decisions set Il). Due to technical problems, heart rate
measures were not completely available for n = 12 participants (1 SAD-no stress,
3 SAD-stress, 4 HC-stress, 4 HC-no stress). Analyses of heart rate therefore

were conducted with n = 101 subjects.

7.2.3.2 Psychological stress response

Psychological stress was repeatedly measured before, during and after stress in-
duction, using visual analogue scales (VAS), assessing subjectively perceived
stress and tension. Moreover, VAS were used to assess anxiety, physical discom-
fort, avoidance (desire to leave the situation) and feeling of control over the situa-
tion in order to capture stress symptoms specific to social anxiety. Points of
measurement were at baseline (-15 min.), during anticipation (-5 min.), in the
middle of stress induction (+17 min.), after cessation of stress induction (+30
min.), and at the end of the session after recovery (+90 min.). Visual analogue
scales ranged from “not at all” to “very strong”. Additionally, the state anxiety
scale of the State Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, &
Lushene, 1970; German version by Laux, Glanzmann, Schaffner, & Spielberger,
1981), assessing participants’ state anxiety, was given at four points: at baseline
(-15 min.), after reading the instructions for the TSST-G (anticipation phase, -5
min.), right after the TSST-G (+30 min.) and during the recovery phase (+75

min.). The STAI includes 20 items that can be rated on a 4-point Likert scale. It
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has been demonstrated to be a reliable measure, with internal consistency rang-
ing between 0.83 and 0.92 (Barnes, Harp, & Jung, 2002; Spielberger et al., 1970).

7.2.4 Statistical analysis

For cortisol, heart rate and each of the subjective stress measures, three-factorial
mixed analyses of variance (ANOVA) were conducted, with group (HC/SAD) and
condition (stress/non-stress) as between-factors and time as repeated factor (5
for cortisol and subjective rating, respectively and 36 for heart rate). In cases of
heterogeneity of covariance (indicated by a significant Mauchly test of sphericity),
Greenhouse Geisser corrections are reported. When necessary, significant inter-
actions were further examined by means of simple effects. In order to examine
the increase of the stress parameters more detailed, delta measures (maximum
value in the TSST-G minus baseline) were calculated when necessary. Effect siz-
es are reported in r)p2. All tests were conducted two-sided, with level of signifi-

cance at .05. Data analysis was run by SPSS Version 22.0.

7.3  Results

7.3.1 Sample characteristics

The four subgroups (SAD stress/no stress; HC stress/no stress) did not differ in
intelligence or educational status, see Table 7.1. There was a trend for an effect
of condition in age, F(1, 109) = 3.56, p = .062. A significant group x condition in-
teraction for body mass index (BMI) emerged, F(1, 109) = 5.28, p < .05, np2 = .05.
Post-hoc t-tests revealed that SAD in the stress condition had a higher BMI than
SAD in the no-stress condition, #(58) = -2.61, p < .025. As BMI is associated with
physical fitness, status of training was compared for the SAD group. Status of
training did not differ between conditions, {(51) = -1.05, p = .300. Moreover, SAD
and HC differed in BMI for neither stress-condition, {(55) = -1.52, p = .134 nor no-
stress condition, t(54) = 1.80, p = .078. Expectedly, subjects in the SAD group re-
ported significantly higher levels for social anxiety and depression and were cur-
rently less frequently involved in a serious relationship compared to the control

group (Table 7.1).
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Table 7.1. General characteristics of participants with SAD (n = 60) and healthy controls
(n = 53) in the stress and no-stress condition.

Condition coeff. p
No-stress Stress
SAD HC SAD HC
Ace 25.83 27.00 30.63 27.74 . .
g (6.54) (4.54) (10.45)  (8.04) S S
Education 4.13 4.12 4.24 4.26 . .
(0.77) (0.86) (0.74) (0.66) S S
Q 108.40  107.54 111.67  113.04 . .
(11.31)  (8.30) (6.93) (9.12) S S
o 2232 23.24 23.84 22.85 =
BMI (ka/m™) (5 49 (1.50) (2.31) (2.60) 528> 023
Itr:t'ﬂ'sng 151.55 176.40 190.66 226.11 s s
i week)  (127:60)  (155.15) (224.53)  (213.99)
2
Partnership 43.3% 69.2% 36.7% 55.6% =5X533 .019
38.18 12.76 33.48 13.81 =
SIAS (10.73)  (3.23) (9.09) (6.18) 174.02- 000
LSAS (total  67.76 18.28 63.93 20.96 y
score) (22.75)  (9.98) (22.00)  (15.71) 166.29 .000
Avoidant o o
personality 1(%:75? N/A 2(2':37? N/A n.s. n.s.
disorder
13.53 4.15 12.77 2.37 =
BDI (7.04) (4.53) (10.21)  (2.82) 58230 000
BL Cortisol 5.43 4.38 6.08 4.38 . .
(nmol/l) (4.69) (3.53) (7.52) (3.14) S S
BLHR agg  85.04 78.83 82.01 80.87 . L
(beats/min)  (12.06)  (9.67) (14.41)  (11.35) S S

Note: SAD = social anxiety disorder. HC = healthy control. coeff. = coefficient. N/A = not ap-
plicable. Education: 1 = no graduation, 2 = main school graduation, 3 = middle school grad-
uation, 4 = high school degree, 5 = university/college degree. BMI = Body Mass Index. Part-
nership = being in a serious relationship. SIAS = Social Interaction Anxiety Scale. LSAS =
Liebowitz Social Anxiety Scale. BDI = Beck Depression Inventar. BL = baseline. HR_agg =
heart rate, aggregated mean of 5 min. Data are expressed as mean (SD).

In cases of significance, results of two-way (group x condition) analyses of variance or Krus-
kal Wallis test, respectively are depicted. n.s. = not significant.

@ Group effect.

® Group by condition effect.

7.3.2 Endocrine stress response

For the analysis of the endocrine stress reaction, salivary cortisol was collected at

five points (-5, +17, +30, +40, +90 min.). There were differences in baseline corti-
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sol levels for neither GRoup, F(1, 109) = 1.09, p = .30 nor CONDITION, F(1, 109) =
.03, p = .87 nor their interaction, F(1, 109) = .26, p = .31.

A three-way mixed 2x2x5 GROUP (SAD/HC) x CONDITION (stress/no stress) x TIME
(-5, +17, +30, +40, +90 min.) ANOVA revealed a main effect for time, F(2.23,
240.68) = 30.33, p < .001, np2 = .22 and a TIME x CONDITION interaction, F(2.23,
240.68) = 43.10, p < .001, /7,,2 = .29, indicating that participants in the stress con-
dition showed an increase in cortisol over time, whereas those in the no-stress
condition did not show any such increase (Fig. 7.1). Patients with SAD and HC
did not differ regarding cortisol increase, as depicted by non-significant effects for
TIME X GROUP, F(2.23, 240.68) = .20, p =.85 and TIME X GROUP X CONDITION,
F(2.23, 240.68) = .73, p = .50. Concurrently, there was a main effect for CONDI-
TION, F(1, 108) = 26.88, p < .001, np2 = .20, but no main effect for GRoupr, F(1,
108) = .93, p = .34.

SAD - no stress
SAD - stress
HC - no stress
HC - stress

LRl I

Stress Exposure
Decision Making

Salivary cortisol (nmol/l)

Time (min.)

Figure 7.1. Mean salivary cortisol levels (+ SEM) before and after the two conditions of
the stress test (TSST-G) for subjects with SAD and for healthy controls.

SAD = social anxiety disorder, HC = healthy control. TSST-G = Trier Social Stress Test
for Groups

7.3.3 Cardiovascular stress response

There were no differences in aggregated baseline heart rate, for neither GRoOuUP,
F(1, 97) = 2.29, p = .13, CONDITION, F(1, 97) = .04, p = .84 nor their interaction,
F(1,97)=1.09, p = .30.
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The three-way mixed 2x2x36 GROUP x CONDITION x TIME ANOVA showed a main
effect for TIME, F(7.85, 761.10) = 36.27, p < .001, r,p2 = .27 and a TIME X CONDI-
TION interaction, F(7.85, 761.10) = 2.57, p < .05, np2 = .03, but no TIME x GROUP,
F(7.85, 761.10) = 1.20, p = .294 or TIME X GROUP x CONDITION interaction, F(7.85,
761.10) = 1.10, p = .361, indicating that heart rate in both groups showed a signif-
icant higher increase over time in the stress condition than in the no-stress condi-
tion Figure 7.2. There was neither a main effect for crour, F(1, 97) = 0.83, p =
.366, nor for CONDITION, F(1, 97) = 0.35, p = .557 nor for their interaction, F(1, 97)
= 0.15, p = .698, Accordingly, increase in terms of heart rate delta showed a sig-
nificant effect for CONDITION, F(1, 97) = 29.17, p < .001, np2 = .23 and no effect for
GROUP or GROUP x CONDITION, all ps > .393. That is, heart rate increases for SAD
patients (27.47 bmp £ 17.31) and HC (27.66 bmp + 10.67) in the stress condition
were similar and higher compared to participants in the no-stress condition (SAD
=12.67 bmp £ 6.90; HC = 16.59 bmp £1 0.34).

SAD Healthy controls
1104 1101
100 100
=4 €
Q o
a = |
S 907 s %
© @
5 5
L 80 o 80+
70 70,,
Olﬁ T T T T T T ™ Gll_' T T T T T T T T
PR A £ 20 e e e P P
G 5 =
& Time {min.) & Time (min.)

8- TSST-G - stress
O~ TSST-G - no stress

Stress Exposure
Decision making

Figure 7.2. Mean heart rate in beats per minute (bpm) (with SEM bars) during the two
conditions of the stress test (TSST-G), for subjects with SAD and for healthy controls,
respectively.

SAD = social anxiety disorder. TSST-G = Trier Social Stress Test for Groups.

As BMI of the SAD group was higher in the stress condition than in the no-stress
condition, and changes in heart rate are associated with BMI, analyses were con-
ducted additionally with BMI as a covariate. Although groups differed in the co-

variate, which technically prohibits the usage of ANCOVA, as covariate and group
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share variance (G. A. Miller & Chapman, 2001), conduction of ANCOVA was con-
sidered justifiable as BMI measures can be considered to have differed in condi-
tions by chance rather than reflecting meaningful differences, attributed to alloca-
tion of condition, as Miller and Chapman (2001) state: “If [...] group differences on
Cov [Covariate] truly arose by chance, ANCOVA is appropriate” (p. 6). Results did
not change with inclusion of BMI: The three-way mixed 2x2x36 GROUP x CONDI-
TION x TIME with BMI as CcoOVARIATE ANCOVA showed a main effect for TIME,
F(8.21, 787.91) = 4.70, p < .001, np2 = .05 and a TIME X CONDITION interaction,
F(8.21, 787.91) = 2.91, p < .05, np2 = .03. There was no TIME X GROUP interaction,
F(8.21, 787.91) = 1.23, p = .275 or TIME X GROUP x CONDITION interaction, F(8.21,
787.91) = 1.25, p = .268, no main effect for GRoupr, F(1, 96) = 0.82, p = .367,
CONDITION, F(1, 96) = 0.37, p = .403 or their interaction, F(1, 96) = 0.00, p = .966.
Furthermore, there was no effect of the COVARIATE (BMI) on heart rate, F(1, 96) =
2.72, p = .103. Additionally, correlations between BMI of SAD patients and heart
rate increase (delta) were conducted to test for possible associations. In both

conditions, BMI was not correlated with heart rate increase, all ps > .544.

7.3.4 Psychological stress response

SAD exhibited higher baseline measures of subjective stress, F(1, 109) = 15.56, p

2 _ .
<.001, n,® = .13, tension, ¥ SAD - stress

F(1, 109) = 20.44, p < i -7 SAD - no stress
2 60+ -# HC - stress
.001, np,® = .16, anxiety, -0~ HC - no stress
50

F(1, 109) = 20.77, p < S Stress Exposure

001, ’7p2 = .16, physical § 1 Decision Making
+ 304

discomfort, F(1, 109) = % L i ---------- 4+ \i

22.97, p < .001, n,? = 17, i §§ _____________________ _&5““:\3: h

wish to leave the situa- i g

tion, F(1, 109) = 20.62, p g B B B P P o

< .001, n,® = .16, per- Time (min.)

ceived control, £(1, 109) Figure 7.3. Mean subjective ratings of stress (+ SEM) before
= 6.01, p < .05, npz = .05 and after stress induction for SAD and HC in the two condi-
F(1 tions of the stress test. SAD = social anxiety disorder, HC =

and state anxiety, healthy control

109) = 58.00, p < .001,
/7,,2 = .35. Regarding condition, baseline measures did not differ, all ps > .190.
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Regarding subjectively perceived stress, the repeated ANOVA showed a main ef-
fect for TIME, F(4, 420) = 44.72, p < .001, np2 = .30 and a TIME x CONDITION inter-
action, F(4, 420) = 11.76, p < .001, np2 = .10, indicating higher increase in subjec-
tive stress in the stress- than in the no-stress condition (Fig. 7.3). Furthermore,
significant effects for TIME x GROUP, F(4, 420) = 5.58, p < .01, np2 = .05 and TIME x
CONDITION X GROUP, F(4, 420) = 2.80, p < .05, an = .03 emerged. Moreover, there
were significant between-subjects effects for coONDITION, F(1, 105) = 6.10, p < .05,
/7,,2 = .06, GRoOuUP, F(1, 105) = 45.04, p < .001, np2 = .30 and CONDITION X GROUP,
F(1, 105) = 4.32, p < .05, np2 = .04. That is, subjects with SAD had higher overall
levels of subjective stress and also showed a stronger increase in the stress con-

dition compared to the no-stress condition than HC.

Regarding subjective tension, there was a main effect for TIME, F(4, 420) = 47.51,
p < .001, n,° = .31 and

70- -¥ SAD - stress
~+ SAD - no stress a TIME X CONDITION
zz o Heoeae<  interaction, F(4, 420) =
i 404 Stress Exposure 10.28, p < .001, ’7p2 =
2 - Decision Making 09 indicating a higher
2 204 B - — é increase in tension for
104 §g§_ "“\"-‘: E the stress condition
0L — R —— than for the no-stress
By YR W » condition. Further,
i (ovT:) there was a significant

Figure 7.4. Mean subjective ratings of tension
(+ SEM) before and after stress induction for SAD and HC _
in the two conditions of the stress test. SAD = social anxi- tion, F(4, 420) = 8.57,
ety disorder, HC = healthy control. p < .001, n,° = .08,

TIME X GROUP interac-

while the TIME X CON-
DITION x GROUP interaction did not reach significance, F(4, 420) = 2.84, p =.073,
np2 = .02. Further, there were significant main effects for CONDITION, F(1, 105) =
7.71, p < .01, np2 = .71 and for GRouP, F(1, 105) = 49.03, p < .001, np2 = .32,
while the CONDITION x GROUP interaction did not reach significance, F(1, 105) =
3.70, p = .057, np2 = .03, indicating that the SAD group in general showed more

tension and a stronger increase over time compared to the HC group (Fig. 7.4).
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Regarding subjectively perceived anxiety, again there was a significant effect for

TIME F(4, 420) = 33.83, p <
704 - SAD - stress

.001, I’)p2 = .24 and for TIME -+ SAD - no stress
60+ -® HC - stress

X CONDITION F(4, 420) = 50 -0 HC - no stress

5.62, p < .001, n,° = .05. 15 Stress Exposure

Moreover, significant inter- Hecisipniaking

Anxiety %

30-
actions for TIME x GROUP 20-

F(4, 420) = 10.68, < 1 e %
( ) p 10 ?::--g—----...,_,_h_g_,_,_;_:@\wﬂ_ N
.001, n,? = .09 and TIME x 0l P RREEE S

CONDITION X GRouUP, Figure 7.6. Mean subjective ratings of anxiety (+ SEM)
before and after stress induction for SAD and HC in the
F(4, 420) = 2.4 <.
(2’ 0) 8 p 03, two conditions of the stress test. SAD = social anxiety dis-
np” = .02, as well as be- order, HC = healthy control.

tween-subjects effects for

GROUP, F(1, 105) = 39.08, p < .001, np2 = .27 and for CONDITION x GROUP, F(1,
105) = 5.07, p < .05, np2 = .04 revealed that SAD felt more anxiety over the whole
experiment, irrespective of condition, and showed an increase in anxiety in re-
sponse to the stress manipulation, while the HC group did not. Accordingly, sim-
ple effects revealed that the TIME x CONDITION effect was driven by the SAD
group, F(1, 105) = 9.61, p < .01 and was not apparent for HC, F(1, 105) = 0.02, p

= .880 (Fig. 7.5).
70 ¥ SAD - stress
== SAD - no stress .
60 s L For the feeling of
50- = HEFmaistecEs physical  discomfort,

Stress Exposure there was a main ef-
Decision Making

fect for TIME F(4, 420)
17.28, p < .001, n,?

.14 and a TIME x

40-
30-

204

Physical discomfort %

104

2 | CONDITION interaction

F(4, 420) = 8.06, p <
.001, n,? = .07, indicat-

ing a stronger increase

Time (min.)

Figure 7.5. Mean subjective ratings of physical discomfort
(+ SEM) before and after stress induction for SAD and HC
in the two conditions of the stress test. SAD = social anxie- under stress than un-

ty disorder, HC = healthy control. der no-stress condi-
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tion. A significant main effect for GrRoup, F(1, 105) = 32.52, p < .001, np2 =.24 and
a significant CONDITION X GROUP interaction, F(1, 105) = 4.00, p < .05, np2 = .04
revealed that SAD in general felt more physically uneasy than HC and showed a
stronger reaction to stress in that respect. The absence of significant effects for
TIME X GROUP and TIME X CONDITION X GROUP (all ps > .116), as well as simple ef-
fects confirmed that, nonetheless, the TIME x CONDITION interaction was apparent
for both SAD, F(4, 220) = 4.90, p < .01, np2 = .08 and HC, F(4, 200) = 4.85, p <
.01, ny? = .09 (Fig. 7.6).

The analysis of avoidance showed a an effect for TIME F(4, 420) = 5.51, p < .01,
ny?> = .05, a TIME X CONDITION

70+ -+ SAD - stress
interaction F(4, 420) = 6.88, p V- SAD - no stress
60 - HC - stress
< .001, I7p2 = .06, as well as a 504 -0~ HC - no stress
se
TIME X GROUP interaction F(4, R 401 Stress Exposure
5 _cE Dacision Making
420) = 2.45, p < .05, n,” = .02. B %0
Again, SAD in general had a < 201
stronger desire to leave the 10+

0

situation than HC, indicated

by a main effect of GROUP,

F(1, 105) = 33.70, p < .001,
2

Time (min.)

Figure 7.7. Mean subjective ratings of avoidance (£ SEM)

Ny = .24. Moreover, stress pefore and after stress induction for SAD and HC in the
affected avoidance in the SAD two conditions of the stress test. SAD = social anxiety

_ disorder, HC = healthy control.
group, but not in the HC

group, as indicated by a CONDITION x GROUP interaction, F(1, 105) = 4.24, p < .05,
np2 = .04, as well as by simple effects, which revealed that the TIME x CONDITION
effect was apparent for SAD, F(4, 220) = 5.59, p < .001, r)p2 = .09, but not HC,
F(4, 200) = 1.75, p = .140 (Fig. 7.7).

For the subjectively perceived control over the situation, there was a main effect
of TIME F(4, 420) = 14.53, p < .001, np2 = .12, a TIME X CONDITION interaction F(4,
420) = 7.64, p < .001, np2 = .07 as well as a TIME x GROUP interaction F(4, 420) =
5.91, p < .01, np2 = .05, indicating less perceived control over time in the stress
condition than in the no-stress condition for both groups and a stronger variation
of perceived control over time in SAD compared to HC (Fig. 7.8). The main effect
for GRouUP did not reach significance, F(1, 105)= 3.56, p = .062, np2 = .03.
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Figure 7.9. Mean subjective ratings of control over the
situation (x SEM) before and after stress induction for
SAD and HC in the two conditions of stress test. SAD =
social anxiety disorder, HC = healthy control.

Additionally, state anxiety was measured using the STAI at four points. The three-

way mixed (GROUP x CONDITION x TIME) ANOVA showed a main effect of TIME F(4,
408) = 31.79, p < .001, np2 = .24 and a TIME x CONDITION interaction F(4, 408) =

9.54, p < .001, np2 = .09, indicating a higher increase in anxiety in the stress con-

dition compared to the
no-stress condition.
Furthermore, there was
a TIME X GROUP interac-
tion F(4, 408) = 6.66, p
< .001, n,° = .06, as
well as a strong main
effect for GrRour, F(1,
102)= 73.54, p < .001,
n,’ = .42, indicating a
higher anxiety increase
in SAD and more anxie-
ty in SAD in general

than in HC (Fig. 7.9).
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Figure 7.8. Mean subjective state anxiety (+ SEM) before
and after stress induction for SAD and HC in the two condi-
tions of the stress test. SAD = social anxiety disorder, HC =
healthy control.
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7.4 Discussion

In the preceding section we investigated the physiological and subjective reaction
to acute psychosocial stress in patients with SAD and matched healthy controls,
using a standardized laboratory protocol for the induction of acute stress in
groups, namely the TSST-G (von Dawans et al., 2011). A clear pattern of dissoci-
ated reactivity between subjective and physiological stress response in patients
with SAD emerged, as compared to healthy controls. While SAD patients exhibit-
ed an elevated subjective response in all of the measures (stress, tension, dis-
comfort, anxiety, avoidance, feeling of control), their reaction did not differ from
that of healthy controls with respect to the physiological parameters (salivary cor-

tisol and heart rate).

The stress induction was successful across all parameters measured (endocrine,
autonomous, subjective). There was a significant and similar increase in salivary
cortisol for SAD and HC in the stress condition, whereas neither group exhibited
any increase in the no-stress condition. Heart rate measures revealed the same
effect for both groups. That is, on a physiological level, there were no differences
in the stress reaction of participants with SAD and healthy controls. A different
pattern emerged regarding subjectively perceived stress: Here, in the stress con-
dition, both HC and SAD perceived the TSST-G as more stressful than the partic-
ipants in the control condition, i.e. they presented higher increases in subjectively
perceived stress, tension, physical discomfort, state anxiety, and felt less control
over the situation. In subjects with SAD, however, stress led to stronger increases
in subjective stress and anxiety compared to HC and intensified the desire to
leave the situation. Moreover, before, during, and after the TSST-G, SAD patients

exhibited markedly higher levels of stress than HC in all subjective parameters.

This dissociation between subjective and physiological stress responses in SAD
compared to HC is in concordance with previous studies (Anderson & Hope,
2009; Beaton et al., 2006; Edelmann & Baker, 2002; Grossman, 2001; Klumbies
et al., 2014; Losiak et al., 2016; Martel et al., 1999; Mauss et al., 2004). Klumbies
and colleagues (2014), for example, found higher subjective stress responses in
SAD than in HC, as well as no differences to HC in salivary cortisol and heart

rate. Furthermore, they found no differences in plasma cortisol, salivary alpha-
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amylase, prolactin, heart rate variability or long-term cortisol production (cortisol
in hair), which corroborates the finding of the present study, namely that people
with SAD demonstrate the same physiological stress response as healthy sub-

jects.

The present results regarding the endocrine and cardiovascular stress response
stand, however, in contrast to previous studies that report elevated physiological
stress response in conjunction with SAD compared to HC (Condren et al., 2002;
Furlan et al., 2001; Gerlach et al., 2001; Roelofs et al., 2009; van West et al.,
2008; Yoon & Joormann, 2012). This inconsistency might be due to insufficient
standardization of stress induction methods in previous studies. The only studies
that also employed an established stress-induction method, namely the TSST
(Kirschbaum, Pirke, & Hellhammer, 1993), and that had a sufficient sample size
(Klumbies et al., 2014; Martel et al., 1999), report the same physiological stress
response in conjunction with SAD as with HC and are well in line with the present
study’s findings. Furthermore, investigation of different age groups might account
for discrepancies. Van West and colleagues (2008) examined socially anxious
children, who may not be comparable to adults, as age is known to influence the
stress reaction via an age-related decrease in responsiveness in the HPA-axis
(Kudielka et al., 2004a; Otte et al., 2005; Strahler, Mueller, Rosenloecher, Kirsch-
baum, & Rohleder, 2010) and heart rate (Kudielka et al., 2004b; Strahler et al.,
2010). Further, other accompanying psychiatric disorders might have led to differ-
ent findings. For example, Roelofs and colleagues (2009) allowed for any comor-
bidity in the SAD-group except for psychotic disorders. The present study and that
by Klumbies and colleagues (2014) employed stricter inclusion criteria regarding
comorbidity and are thus more likely to depict the characteristics of the stress re-
sponse specific to social anxiety disorder. There is also evidence that patients
with performance-only SAD in particular exhibit a heightened heart rate in reac-
tion to stress compared to generalized SAD (Boone et al., 1999; Heimberg, Hope,
Dodge, & Becker, 1990; Levin et al., 1993)2. With the reaction to a circumscribed

2 The study of Boone and colleagues (1999) is not included in the overview on
stress reaction in SAD in chapter 2.4.8, as they did not recruit a healthy control

group.
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situation, the psychopathology of performance-only social anxiety might be relat-
ed to a specific phobia, which could explain the different cardiovascular stress re-
sponse pattern, as specific phobia has been associated with sympathetic hyper-
responsiveness (Dieleman et al., 2015). Moreover, most of the studies examined
both male and female participants. However, gender and, notably, the menstrual
cycle as well as oral contraceptives influence HPA-axis functioning (Kudielka et
al., 2009). For example, men consistently exhibit stronger cortisol reactions in re-
sponse to psychosocial stress than women (Earle, Linden, & Weinberg, 1999;
Lovallo, Farag, Vincent, Thomas, & Wilson, 2006; Seeman, Singer, Wilkinson, &
McEwen, 2001), and women in their follicular phase and those taking oral contra-
ceptives exhibit lower cortisol reactivity than women in the luteal phase (Kirsch-
baum, Kudielka, Gaab, Schommer, & Hellhammer, 1999; Rohleder, Schommer,
Hellhammer, Engel, & Kirschbaum, 2001; Rohleder, Wolf, Piel, & Kirschbaum,
2003). For example, in the samples of Roelofs and colleagues (2009) and Yoon
and Joormann (2012), the ratio of women to men was higher in the healthy con-
trol group than in the SAD-group, possibly dampening the healthy group’s cortisol
response compared to the social anxiety group’s. Furthermore, medications such
as antidepressants (Barden et al., 1995; Pariante et al., 2004) and even short-
term drugs (Kudielka et al., 2009) can affect stress measures, a factor unac-
counted for in most of the studies. Furthermore, two studies (Beidel et al., 1985;
Gerlach et al., 2001) found accelerated heart-rate only in a group of socially anx-
ious participants with a specific fear of blushing, presumably forming a subgroup
that may react physiologically more strongly to challenges (Ost, Jerremalm, & Jo-
hansson, 1981; Voncken & Bdgels, 2009). Finally, some of the studies comprised
a small sample size (Condren et al., 2002; Roelofs et al., 2009), which is prob-
lematic as the associated low statistical power lowers the likelihood that a statisti-
cally significant result reflects a genuine effect (Button et al., 2013; loannidis,
2005). Despite those methodological limitations, there is a pool of studies that
corroborate the idea of an exaggerated physiological stress response in SAD.
Thus, additional research is needed in order to better understand the circum-
stances under which patients suffering from social anxiety disorder might exhibit
increased HPA-axis and SAM reactivity, and in order to identify possible subtypes
of SAD in this regard.
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In the present study, SAD patients exhibited a higher BMI in the stress condition
than in the no-stress condition. As a measure of adiposity, a high BMI means that
the heart has to supply more mass with oxygen and is associated with hyperten-
sion (for a review, see Malnick & Knobler, 2006). Heart rate reactivity, however,
has been shown to be reduced in people with high BMI (Carroll, Phillips, & Der,
2008; Phillips, Roseboom, Carroll, & de Rooij, 2012; Steptoe & Wardle, 2005). In
those studies, however, BMI values were critically elevated, while in the present
study, participants had normal weight. In a large sample (N = 200) of participants
with normal weight, Steptoe and Wardle (2005) did find an association of BMI with
impaired cardiovascular recovery but no association between cardiovascular
stress reactivity and BMI. In accordance, in the present study, BMI values and
overall heart rate as well as heart rate increase were not correlated and the inclu-
sion of BMI as covariate did not change results. Thus, it can be assumed that BMI

did not account for the findings of the present study.

How does the normal physiological stress reaction in SAD fit in with the well doc-
umented amygdala hyperactivity in this patient group (for meta-analyses, see
Bruhl et al., 2014; Etkin & Wager, 2007)? Heightened amygdala activity in re-
sponse to social stimuli in SAD does not necessarily call for an increased physio-
logical stress reaction. The amygdala has been shown to regulate glucocorticoid-
secretion in animals (Jankord & Herman, 2008). In humans, there is less evi-
dence for a direct relation, but in a study by Root and colleagues (2009), amygda-
la activity has been associated with increased cortisol secretion. However, the
amygdala entails several connections to regions that are associated with the pro-
cessing of visual, auditory, olfactory, gustatory and somatosensory information
(McDonald, 1998). Thereby, an important role of the amygdala is modulation of
vigilance (Davis & Whalen, 2001; Herman et al., 2003). Therefore, it has been
suggested that increased amygdala activity in social anxiety reflects hypervigi-
lance rather than the magnitude of anxiety (Davis & Whalen, 2001). Under stress,
SAD patients may exhibit increased vigilance in order to detect signs of threat.
Due to the possibility of rejection, people suffering from SAD are thought to alertly
scan their environment for potential signs of negative evaluation. There is ample

evidence for such hypervigilance for threat-relevant information in SAD (e.g.
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Mogg, Philippot, & Bradley, 2004; Seefeldt, Kramer, Tuschen-Caffier, & Heinrichs,
2014; Vassilopoulos, 2005).

In line with previous studies (e.g. Klumbies et al., 2014; Mauss et al., 2004), pa-
tients exhibited a markedly elevated psychological reaction to stress compared to
HC. Psychological response to a stressor also depends on the capacity to regu-
late emotions. Healthy individuals might possess more effective coping strategies,
or have an easier time using them. For example, SAD patients have been found
to frequently suppress negative (Erwin, Heimberg, Schneier, & Liebowitz, 2003;
Spokas, Luterek, & Heimberg, 2009) and positive emotions (Farmer & Kashdan,
2012). Accordingly, patients with SAD have been shown to exhibit reduced activi-
ty in dorsolateral PFC and dorsal ACC during reinterpretation of social threat pic-
tures (Goldin et al., 2009), structures implicated in cognitive regulation. Patients
with SAD strive to avoid negative attention, and suppression aims at inhibiting the
emotional outcome and outward display of feelings (J. J. Gross, 2002). Hence,
the intent to suppress emotional reactions might even be increased under stress,
where physiological reactions, such as blushing or trembling, are enhanced,
overestimated (Mauss et al., 2004) and may be even more visible by others.
Building on cognitive behavioral therapy, treatments specially aiming at these dif-
ficulties in emotion regulation have been developed (Barlow, Allen, & Choate,
2004; Linehan, 1993) and may be helpful in treatment of SAD as well.

The present findings further underline the significance of dysfunctional thought
patterns in SAD. Although there was no difference to healthy controls apparent
physiologically, participants with SAD evaluated the situation as much more
stressful, as eliciting more tension, discomfort and anxiety and experienced them-
selves as being less in control. Thus, SAD patients processed the same situation
as more stressful and threatening. This is indicative of a biased perception, as
proposed by cognitive models of SAD (Clark & Wells, 1995; Rapee & Heimberg,
1997) and empirical evidence (for a review, see Bar-Haim et al., 2007). That is,
participants with SAD might have been hypervigilant towards potential threats,
resulting in an anxious emotional state. Additionally, one of the stress-inducing
factors of the TSST-G is socio-evaluative threat (Dickerson & Kemeny, 2004),
which might have triggered self-focused attention in SAD patients, resulting in a

more conscious perception of bodily symptoms. This heightened awareness in
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turn might have let them sense bodily sensations more intensely and thus over-
rate these feelings. This is in line with studies showing that patients with SAD
(Gaebler, Daniels, Lamke, Fydrich, & Walter, 2013) and high socially anxious in-
dividuals (Mauss et al., 2004) are less accurate than healthy controls to estimate
their bodily reactions to stress, e.g. heartbeat and respiratory rate. Moreover,
while both participants with SAD and healthy controls reported increased stress
and tension in response to the TSST-G, only SAD experienced increased anxiety.
This underlines that the kind of stress induced by the TSST-G is at the core of
fears of people with SAD: being exposed to the scrutiny by others. The same ef-
fect was apparent in the measure of in the desire to leave the situation. Again,
there was an increase in response to stress only in the SAD group and not in HC,
pointing to the characteristic avoidance behavior in this disorder (APA, 2013),
which was increased by psychosocial stress. Thus, the present findings corrobo-
rate cognitive models of SAD (Clark & Wells, 1995; Rapee & Heimberg, 1997)
that emphasize cognitive biases in SAD as crucial precipitating and maintaining
factors. This may entail implications for treatment of this disorder.

A central aspect in the treatment of SAD is the conduction of behavioral experi-
ments. Engaging in such experiments may become easier for patients once they
know that their own bodily sensations are actually normal. Moreover, the aware-
ness of supposedly exaggerated bodily symptoms may cause increased self-
focused attention and safety-behaviors in order to hide the symptoms. Both self-
focused attention and safety-behaviors contribute to maintenance of the disorder
(Clark & Wells, 1995; McManus, Sacadura, & Clark, 2008; Spurr & Stopa, 2002).
Psychoeducation regarding their physiological stress reaction may help patients

to abstain from those behaviors.

In sum, in the present study, stress induction with a standardized laboratory pro-
tocol led to similar endocrine and cardiovascular responses in terms of increased
salivary cortisol and heart rate in SAD and HC. Subjects with SAD, however, ex-
hibited a markedly amplified subjective stress response compared to HC. The
present findings suggest that patients with SAD exhibit a regular physiological
stress response and a nevertheless elevated subjective response to stress. This
discordance of physiological and psychological stress response builds on empiri-

cal evidence for cognitive models of SAD (Clark & Wells, 1995; Rapee & Heim-
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berg, 1997) and their concept of a biased perception of social cues and bodily
symptoms. The sample used here comprised of comorbidity-free patients. For a
better understanding of the underlying psychophysiological mechanisms in SAD,
it is important to investigate the stress response in a clear-cut sample. However,
as comorbidity in SAD is high (B. F. Grant, Hasin, Blanco, et al., 2005; Ohayon &
Schatzberg, 2010), future studies should directly compare HPA-axis and cardio-
vascular responses in samples of patients with and without comorbidity such as
depression or substance abuse, in order to disentangle the specifications of po-
tentially aberrant stress reactivity in SAD with and without comorbid disorders.
Further, the findings are of clinical relevance, as therapeutic approaches may
have a wider scope for assessing the patient’s self-concept, in view of the fact
that the bodily sensations perceived by the patient as excessive are actually nor-

mal.
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8  Empirical Chapter Il: Effects of Acute Stress on Social

Interaction Behavior in Social Anxiety Disorder

8.1 Introduction

The way we act around others configures multiple aspects of our social life, such
as being able to draw on help in difficult times, having a spouse or being integrat-
ed in social groups. We have a general need to affiliate with others and form sta-
ble relationships (Baumeister & Leary, 1995; Caporael, 1997). Belongingness and
being in close relationships has a positive impact on health and well-being
(Cacioppo et al., 2015; Holt-Lunstad et al., 2010). Accordingly, a vital source of

coping is social support (Ditzen & Heinrichs, 2014).

The classical concept of the behavioral reaction to stress is the fight-or-flight re-
sponse (W. B. Cannon, 1915), that is, showing aggressive behavior or escaping
the situation, respectively. However, a growing body of research describes in-
creased prosocial and affiliative behavior in healthy participants after stress (Ber-
ger et al., 2015; Buchanan & Preston, 2014; Takahashi et al., 2007; von Dawans
et al., 2012). Those observations cannot be explained by the classical view of a
fight-or-flight reaction but call for a broadening of the conceptualization of the
human social behavioral reaction to stress. A concept that has provided a theoret-
ical and empirical framework is the tend-and-befriend model, postulated by Taylor
and colleagues (Taylor, 2006; Taylor et al., 2000). The model suggests that acute
stress promotes affiliation to others, which in turn leads to stress reduction, result-
ing from positive social contacts. This very aspect may entail difficulties for peo-
ple suffering from SAD, as key symptoms of this disorder are insecurity and worry
about social contacts and avoidance of social situations (e.g. Rapee & Heimberg,
1997).

Social anxiety disorder (SAD) is characterized by a distinctive fear of behaving
embarrassingly in interaction with others. Social encounters trigger distress and
often bodily symptoms such as sweating, trembling or blushing. As a conse-
quence, social situations are avoided or endured with intense distress (American
Psychiatric Association, 2013). Thus, in SAD, fears of social interactions and sub-

sequent avoidance function as an obstacle to social approach behavior, and
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stress reducing effects through affiliation may not be utilizable. The absence of
this fundamental stress-protective resource would contribute to maintaining symp-
tomatology and, in the long term, carry increased risk for additional, stress-related
pathology (Chrousos, 2009).

Although SAD patients are stressed in social encounters by definition, little is
known about the effects of stress on social interaction behavior in SAD. In a study
by Mallott and colleagues (2009), healthy participants high in social anxiety acted
less prosocially than participants low in social anxiety after social rejection. In ac-
cordance with this, highly socially anxious subjects have been shown to exhibit
more aggressive and antisocial behavior after rejection than participants low in
social anxiety (Maner, DeWall, Baumeister, & Schaller, 2007). Those observa-
tions indicate less prosocial behavior in socially anxious individuals after stressful
situations. However, the studies did not investigate actual stress but paradigms of
social rejection and social dominance. Although such situations can trigger a
stress reaction, it is unclear if the participants were stressed, as stress-related pa-
rameters were not examined. Moreover, the samples consisted of healthy partici-
pants instead of patients who met criteria for SAD, thus not allowing clear-cut
conclusions about the actual clinical picture. To the best of my knowledge, only
one study (Roelofs et al., 2009) examined the influence of stress on socially rele-
vant behavior in patients with SAD. There, participants had to engage in an ap-
proach-avoidance task after stress induction. Subjects with SAD were faster in
avoiding angry faces after stress, indicating increased avoidance behavior. Most
importantly, however, in none of the studies, the influence of stress on behavior in
actual social interactions was examined, limiting possible conclusions about SAD
patients’ actual behavior in real social situations. In the current study, acute
stress was induced with a well-established method, the TSST-G (von Dawans et
al., 2011), and social behavior of patients with diagnosed SAD versus healthy

controls was assessed in real interaction situations.

For the stress-reducing effect of tend-and-befriend behavior, positive social inter-
actions are necessary, as they are thought to mediate the relation of affiliative
behavior and decline of the stress responses (see chapter 3.1 for details). This
may entail difficulties for patients with social anxiety disorder. Impairments in so-

cial contacts are at the core of suffering in social anxiety disorder (Alden & Taylor,
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2004), and SAD patients exhibit actual deficits in social performance (Baker &
Edelmann, 2002; Fydrich et al., 1998; Stopa & Clark, 1993; Voncken & Bdgels,
2008), presumably impeding coping through social affiliation. In order to engage
in social interactions smoothly, one needs to be able to infer another person’s
emotional and mental state, i.e. exhibit empathic abilities. Deficiencies in these
abilities accordingly lead to miscommunication and impaired social functioning
(Fett et al., 2011; Shanafelt et al., 2005). This is of special interest for disorders in
which the core problem area concerns social interactions, as in SAD. As an un-
derlying mechanism of social interaction behavior, empathic abilities might modu-

late the social response to stress.

Moreover, cognitive theories (e.g. Beck, 1979; Clark & Wells, 1995; Rapee &
Heimberg, 1997) and empirical evidence (for a meta-analysis, see Bar-Haim et
al., 2007; for a review on neuroimaging data, see Schulz et al., 2013) suggest an
attentional bias for threat in SAD. That is, information processing in SAD seems
to be biased to the effect that patients are hypervigilant to negative or threatening
stimuli. This bias may be amplified in situations of stress. It is widely known that
acute stress impairs the functioning of the prefrontal cortex (PFC). Thereby,
stress affects socially important processes such as the working memory as well
as the regulation of attention and emotion, limiting attention regulation in favor of
a ‘bottom up’ control (for reviews, see Arnsten, 2009; McEwen & Morrison, 2013).
That is, under stress, salient and threatening stimuli, such as signs of rejection in
SAD, bind attention even more than under non-stressful conditions. In accord-
ance, after cortisol administration, patients with SAD showed increased pro-
cessing of threatening faces compared to placebo (van Peer, Spinhoven, Dijk, &
Roelofs, 2009). Thus, in challenging or ambiguous situations, people suffering
from SAD are expected to focus on possible snares instead of concentrating on
positive possibilities that could arise from connecting with others. Additionally,
with the impairment of prefrontal functioning, less attentional capacity is available.
In SAD, it has been shown that attention under stress is rather self-focused and
processing of external cues is reduced (Clark, 2005; Mansell, Clark, Ehlers, &
Chen, 1999). This entails difficulties in social situations, as self-focused attention
leaves less attention at the interaction partner and thus has been shown to com-

promise smooth social interactions (McManus et al., 2008). High empathic abili-
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ties might contain the adverse effects in SAD patients, as empathy has been
shown to promote other-oriented motivation and prosocial behavior (Bateson,
2002; Eisenberg, 2007; Hoffmann, 2008).

The aim of the present study was to further elucidate the influences of acute
stress on social behavior in people suffering from SAD under consideration of
empathic abilities, thereby extending the knowledge of the psychopathology of
this disorder. It was hypothesized that (I) SAD patients would show deficits in so-
cial performance compared to HC, irrespective of stress. Further, it was expected
that (Il) in healthy individuals, acute stress would lead to affiliative behavior in
terms of increased social performance in the conversation and increased proso-
cial behavior in the social-decision task. Furthermore, it was hypothesized that
(1) SAD patients would not exhibit affiliative behavior in reaction to stress but in-
stead would be characterized by lower social performance ratings and reduced
prosocial behavior and that (IV) empathic abilities would alleviate these effects of

stress on social interaction behavior in SAD.

8.2 Methods

8.2.1 Study design and procedure

The study was a single-blind randomized controlled trial with a 2 x 2 between-
subjects design with the factors group (SAD vs. HC) and stress (stress vs. no-

stress). See chapter 6.3 for a detailed description of the experimental procedure.

8.2.2 Participants

For details on subject recruitment and sample description, see chapter 6.2. The
sample consisted of N = 113 subjects, with n = 60 SAD, age 28.23 + 8.98 years
(mean = SD) and n = 53 healthy controls, age 27.38 + 6.51. Participants were
randomly assigned to the stress and no-stress condition of the Trier Social Stress
Test for Groups (TSST-G; von Dawans et al., 2011), resulting in n = 30 SAD

stress; n = 30 SAD no-stress; n = 26 HC stress; n = 27 HC no-stress.

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Effects of Stress on Social Interaction Behavior 75

8.2.3 Stress paradigm

Stress was induced by the Trier Social Stress Test for Groups (TSST-G; von
Dawans et al., 2011), an established standardized laboratory protocol for the in-
duction of moderate psychosocial stress. See chapter 6.3.1 for details. At the end
of the experiment, participants were asked to rate their performance in the TSST-

G in terms of 1 = average, 2 = below-average or 3 = above-average.

8.2.4 Conversation paradigm

For the assessment of social performance under stress, a conversation paradigm
was implemented. Paradigms like this allow for an experimentally controlled in-
vestigation of social interaction behavior while at the same time benefitting from
high external validity. The conversation task used was based on Voncken and
Bogels (2008) and consisted of a five-minute conversation with a confederate.
The instructions for the participants, also adapted from the study by Voncken and
Bogels, were as follows: “We would like you to have a conversation with another
person. The purpose is to get to know each other. It is up to you to start the con-
versation and to keep it going.” After the conversation, confederates rated the
participants’ social performance on a standardized questionnaire, also adapted
from Voncken and Bogels (2008); see section 8.4.2.4. Concrete interactional ele-
ments such as gaze behavior, active listening and self-disclosure were measured.
The conversation furthermore was videotaped and later rated by two independent
video-raters. The main results of the paradigm were the external ratings (confed-
erates’ and video ratings), as they depict both the impression the participant
makes and possible performance deficits. In addition, to assess possible biases in

self-perception, participants rated their own social performance as well.

8.2.4.1 Confederates

Confederates were female undergraduate students. Across the sessions, a total
of 16 confederates participated. All had received a three-hour training in rating
social performance and remaining in a neutral but friendly posture during the con-
versation. Quality of behavior of the confederates was reviewed by M. Voncken
through video-recordings. In addition, they were trained to answer with up to three

pieces of information and only to ask a question after 7 seconds of silence. That
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way, the responsibility for keeping the conversation going remained with the par-
ticipant. These instructions were also based on Voncken and Bdgels (2008),
which in turn were based on Boone et al. (1999) and Ost, Jerremalm, and Jo-
hansson (1981). In order to verify that confederates acted in the same way across
groups, video-raters evaluated their behavior with respect to friendliness, atten-
tion towards the participant, and encouragement and discouragement (Voncken &
Bogels, 2008).

8.2.4.2 Rating of social performance

Social performance in the conversation was assessed through ratings by the con-
federates, using a modified version of the Social Behavior and Anxious Appear-
ance rating scale (SBA-rating scale; Voncken & Bogels, 2008). The original ver-
sion was based on a rating scale by Bogels, Rijsemus, and De Jong (2002),
which in turn was based on Rapee and Lim (1992). The SBA-rating-scale consists
of 27 items and two scales: anxious appearance and social behavior. Anxious ap-
pearance comprises signs of nervousness such as trembling, blushing or stutter-
ing. The second scale, social behavior, comprises items relating to formal aspects
of interaction behavior, such as holding eye contact or formulating full sentences,
as well as more complex aspects, such as the degree of self-disclosure or show-
ing interest in the conversation partner. The two-factor structure has been con-
firmed by Bogels and colleagues (2002). As the SBA-rating scale was originally
designed for a conversation with two confederates, the wording of five items had
to be adapted to a version with one conversation partner (e.g. “Did the participant
listen to what you both were saying?” into “Did the participant listen to what you
were saying?”) and one item had to be removed (“Could the participant divide at-
tention between you both?”). The resulting questionnaire of 26 items was trans-
lated into German. Video-raters were also trained in rating social performance
with the SBA-rating scale. The participants’ social performance was additionally
evaluated by two video-raters in order to determine inter-rater reliability between

the video-raters and the confederates.

In order to assess self-focused attention, after the conversation, a translated
German version of the Self-focused Attention Scale (SFA; Bogels, Alberts, & de

Jong, 1996) was administered. The questionnaire comprises eleven items, which
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refer to the attention to one’s own arousal and one’s interpersonal behavior, e.g.
“In the presence of other people, I'm constantly focusing on whether | behave ap-
propriately”. The SFA has been demonstrated to have good internal consistency,
Cronbach’s alpha = 0.88 (Bogels et al., 1996).

8.2.5 Social decision paradigm

For the assessment of social interaction behavior under standardized controlled
conditions, the paradigm from the study by von Dawans and colleagues (2012)

was adapted: a behavioral economic experiment, based on game theory.

The main principle of these social-decision experiments is that different amounts
of monetary units (MU) can be gained, depending on one’s own decisions and the
decisions of one’s interaction partner. Participants decide if and how many points
they want to transfer to their interaction partner via anonymous interactions. All
decisions are based on real social interactions as the interaction partners are ad-
ditional participants who are also invited into the lab on the day of the session.
Anonymity allows for the measurement of baseline social preferences. This form
of behavioral experiment is a well-established method for the investigation of so-
cial behavior under standardized controlled conditions (e.g. Fehr & Fischbacher,
2003; Sanfey, 2007). This way, prosocial behavior (trust, trustworthiness, sharing)
as well as antisocial (punishment, envy) and non-social behavior (risk) can be ex-

amined.

Participants in the present study had to make binary decisions on paper right after
stress induction (see section 6.3). More precisely, in the trustworthiness and trust
games, player A could decide to trust player B or not. If he did not trust, both
players received, for example, 18 MU and the session was over. If he did trust,
the 18 MU were increased to 60 MU and player B had the option to keep all 60
MU (not trustworthy), while player A received nothing, or to keep only half of it
and give the other half to player A (trustworthy). Participants played four rounds
as player A (trust game) and player B (trustworthiness game) each. In the sharing
game, participants had to decide whether to keep all MU or to divide them be-
tween themselves and the other player. In the envy game, the participant had to
decide whether both players should get the same amount of MU (envy) or wheth-

er the other participant should receive a higher payoff, while the own payoff
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stayed the same (no envy). In the punishment game, player A could choose that
both players should receive the same amount of MU or to “demand more.” In case
he chose the latter, player B could either condescend, which resulted in a high
payoff for player A and a low payoff for himself (no punishment) or he could pun-
ish the other’s greed, which resulted in zero outcome for both players. The non-
social risk game did not include an interaction partner. Here, participants had to
choose between two options regarding the payoff from a game of dice. One op-
tion was risky, as difference in payoff between winning and losing was high, while
the other option was low-risk, with a lower profit opportunity. The whole experi-
ment consisted of 28 rounds (each social game four times, risk game eight times),
in each of which the participants had to choose between two options. All deci-
sions were made before participants saw the decisions of the other players. The
paradigm was programmed and conducted using the software z-free (Fisch-
bacher, 2007).

8.2.6 Assessment of empathic abilities

Empathic abilities were examined using the Multifaceted Empathy Test (MET;
Dziobek et al., 2007). The MET allows for a separate assessment of cognitive and
emotional empathy. It comprises of 30 pictures of people in different affective
states (17 items with positive valence, 13 items with negative valence); see Fig.
8.1 for examples. For each picture, participants are asked to choose one of four

possible labels describing the mental state of the person shown (cognitive

Wie fiihlt sich diese Person?

Wie sehr flihlen Sie mit der Person?

Figure 8.1. Example items from the Multifaceted Empathy Test (Dziobek et al., 2007)
for cognitive (left) and emotional (right) empathy.
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empathy). In a second step, they are asked to rate their concomitant degree of
empathic concern on a 9-point Likert scale (emotional empathy). For cognitive
empathy, scores represent the percentage of correct answers, and for emotional

empathy, average rating scores are calculated.

8.2.7 Statistical analysis

Empathy scores of SAD and HC were compared using two-tailed t-tests. Within
groups, empathy for negative and positive valence was compared, using paired -
tests. For the analyses of variance for repeated measures, Greenhouse-Geisser
corrections were used in cases of violation of sphericity. Individual response
curves, that is, areas under the curve with respect to increase (AUCi) were calcu-
lated for the endocrine stress response, using the trapezoid formula by Pruessner
and colleagues (2003). This form of data handling allows us to obtain an individu-
al aggregated parameter that includes repeated measurements over time for fur-
ther analyses. The AUCi was then z-transformed and used as a dependent varia-
ble in multiple regression analyses. For the investigation of moderation effects,
the Process macro for SPSS by Hayes (2013) was used (Model 1). This tool al-
lows for mediation and moderation analyses. The macro computes the indirect
effects by calculating the product of the coefficients. Unlike as described for clas-
sic regression analysis (Cleary & Kessler, 1982; Cohen, Cohen, & West, 1983),
no manual computation of a product term of predictor and moderator variables is
necessary, and conditional effects of predictor on the dependent variable at val-
ues of the moderator can be calculated. Prior to analysis, predictor variables were
mean-centered and heteroscedasticity-consistent standard errors were employed
to correct for heteroscedasticity (Long & Ervin, 2000). In order to further examine
the conditional effects of the moderation, regions of significance were calculated,
a statistical procedure, also called Johnson-Neyman technique (P. O. Johnson &
Neyman, 1936). This was applied so as to go beyond the “pick-a-point” approach
(Rogosa, 1980), which tests the conditional effect of X at designated values of the
moderator, thereby reducing variance. Instead, the Johnson-Neyman technique
identifies the point at which the significance level is exactly p = .05 and computes
regions of significance. Effect sizes are reported in np2 for analyses of variance

and Cohen's d for t-tests. In cases of multiple testing, Bonferroni correction was
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applied. All tests were conducted two-sidedly, with level of significance at .05.

Data analysis was run by SPSS Version 22.0.

8.3 Results

8.3.1 Manipulation check

The TSST-G increased cardiovascular, endocrine and subjective measures, indi-
cating that the stress induction was successful. SAD and HC did not differ in their
physiological stress responses but the SAD group had a significantly elevated
subjective reaction to the stressor compared to the HC group (see chapter 7 for
details). SAD participants rated themselves as performing worse in the stress
condition (M = 1.72 + 0.55) compared to the no-stress condition (M = 2.05 +
0.40), U = -3.0, p < .01. Healthy controls did not differ with respect to condition
(no-stress: M =2.23 0.43; stress: M =1.98 £ 0.55), U =-1.84, p = .066.

8.3.2 Interrater reliability and behavior of the confederates

The inter-rater reliability (Intraclass-Coefficient; ICC) of the social behavior scale
was good for the confederates and video-raters together (ICC = .78, 95% CI = .69
-. 84) and even better for the video-raters only (ICC = .83, 95% CI = .75 - .88).
These reliabilities are in concordance with those of previous studies (Alden &
Wallace, 1995; Voncken & Bdgels, 2008). Taken together, it can be concluded
that the ratings for the social behavior scale were reliable. As both video-raters
had evaluated all of the participants and standardization was high, an index

(mean) of the two video ratings was calculated for further analyses.

Inter-rater reliability for the anxious appearance scale was poor for confederates
and video-raters, (ICC = .64, 95% CIl = .58 -. 78). This discrepancy might be due
to the fact that many signs of anxiousness (blushing, trembling etc.) are not as
reliably detectable via video recordings as they are face to face. Video recordings
may have not displayed the precise color of the participant’s face and enabled the
view only from one angle, which may have led to less sensitive ratings of anxiety
symptoms. This was confirmed by the poor internal consistency of the video-
ratings for anxious appearance (Cronbach’s a: .49 - .65) in contrast to the high

internal consistency of the confederates ratings (Cronbach’s a = .80). Thus, con-
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federates’ observations were considered to be more valid as they had been pre-
sent in the situation. Therefore, for the anxious appearance scale, analyses were

restricted to the confederates’ ratings only.

In order to control for the confederates' behavior towards the two groups of partic-
ipants, their friendliness was rated by the video-raters. Confederates acted in the
same way towards healthy controls as they did towards patients, #(106) = -.461, p

= .646. Thus, it can be inferred that their integrity was good.

8.3.3 Empathy

Cognitive and emotional empathy did not differ for groups, t:4(106) = 0.40, p =
.690; temo(106) = 1.15, p = .216. For cognitive empathy, there also was no group
difference when taking the valence into consideration (see Table 4.1). Reaction
times did not differ between groups, irrespective of valence. For emotional em-
pathy, SAD showed lower scores regarding positive items than HC did, #(116) =
2.37, p < .05, d = 0.45, indicating less emotional empathy for positive emotions.
This was not the case with negative items. Reaction times, again, did not differ

between the groups, irrespective of valence (see Table 8.1).

Paired t-tests for cognitive empathy revealed that scores were higher for posi-
tive than for negative emotions in SAD, {(56)= 5.54, p <.001, as well as in HC,
t(50) = 5.91, p < .001. Accordingly, reaction times for both SAD and HC were
higher for negative than for positive emotions, tsap(56) = -6.43, p < .001; tyc(50)=
-7.30, p <.001, indicating that it took both groups longer to identify negative emo-
tions (Table 8.1).

Paired t-tests for emotional empathy revealed that in SAD, valence had no influ-
ence on empathy score, t(56) = 0.93, p =.355 or reaction times, {(56) = -0.73, p =
.466. In HC, scores were higher for positive than for negative items, #(50)= -4.83,
p < .001 and RT lower, t(50) = -2.58, p < .05. This means that HC showed more
emotional empathy and reacted faster for items with positive valence. Cognitive
and emotional empathy were not associated with severity of social anxiety for
SAD or HC, all ps > .09.

Regarding conditions of the TSST-G, there were no differences in cognitive or
emotional empathy for SAD, t;04(55)= -0.32, p = .754; temo(55)= -0.21, p = .836 or
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HC, t:04(49)= -0.48, p = .635; temo(49) = 0.15, p = .882. For SAD patients who had
been stressed, cognitive empathy was negatively correlated with self-focused at-
tention during the conversation task, r = -.51, p < .01. This association was not

apparent for SAD in the no-stress condition or for HC, all ps > .658.

Table 8.1. Results from the Multifaceted Empathy Test (MET) for SAD and HC.

SAD HC ¢ p
M (SD) M (SD)

Cognitive empathy 65.32 (9.16) 66.14 (12.12) 0.10 971
Positive items 72.90 (13.01) 73.15 (14.71) 0.49 .629
Negative items 59.55 (12.73) 60.78 (13.80) 0.40 .690

Emotional empathy 5.57 (1.22) 5.87 (1.29) 0.12 223
Positive items 5.66 (1.56) 6.33 (1.37) 2.37 .021
Negative items 5.50 (1.25) 5.51 (1.46) 0.05 .101

RT Cognitive empathy 8.78 (3.83) 7.81 (2.33) -1.57 124
Positive items 7.55 (3.22) 6.72 (2.12) -1.56 122
Negative items 9.51 (4.22) 8.64 (2.81) -1.25 212

RT Emotional empathy 4.11 (1.57) 3.90 (1.82) -0.64 522
Positive items 4.04 (1.63) 3.63 (1.64) 1.27 213
Negative items 4.10 (1.82) 3.94 (2.22) 0.49 .702

Note: SAD = social anxiety disorder, HC = healthy control, RT = reaction time. Data are
expressed as mean (SD). Effects in bold depict significance levels of p < .05.

8.3.4 Effects of stress on social interaction
8.3.4.1.1 Effects of stress on social performance
Social behavior

For the examination of the main research question of how stress influences social
behavior in SAD compared to HC, a 2x2 (GROUP x CONDITION) ANOVA was con-
ducted for video-raters and confederates, respectively. Both ANOVAs showed a
main effect of GROUP, Fyigeo(1, 96) = 5.47, p < .05, ny° = .05, Feonrea(1, 109) =
14.04, p < .001, np2 = .144, but no effect of CONDITION, Fyigeo(1, 96) = 1.02, p =
31, Feonrea(1, 109) = 1.70, p = .196, and no interaction between the two factors,
Frigeo(1, 96) = 1.33, p = .25, Fconrea(1, 109) = 1.66, p = .20, indicating a better so-

cial performance of HC compared to SAD, irrespective of condition [Fig. 8.2 (A)].
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Further, social behavior (as rated by video-raters) in the stress condition was
negatively correlated with social anxiety symptomatology (SIAS), r = -.41, p =

.042, but the effect did not withstand Bonferroni correction for multiple testing.

To further elucidate the influence of stress on social performance, the individual
cortisol response (as depicted by the area under the curve with respect to in-
crease, AUCIi) was taken into account, as first, previous similar studies highlight
the influence of HPA-axis reactivity on social behavior (Berger et al., 2015; Roe-
lofs et al., 2009; Smeets et al., 2009) and second, small sample size might have

covered a possible effect of stress on social performance.

Multiple regression analysis (backwards) with factors GROuP and z-transformed
CORTISOL INCREASE (i.e. AUCi) were conducted. For the video ratings, the model
explained 9.2% of variance, R? = .092, F(3, 95) = 3.20, p < .05. GROUP signifi-
cantly contributed to predicting social behavior and there was a significant GRouP
X CORTISOL INTERACTION, showing a differential effect for the endocrine stress re-
sponse on social behavior as a function of GRouP (SAD vs. HC); see Table 8.1.
Simple slopes analysis can be conducted to clarify whether the single slopes dif-
fer from zero or horizontal. The analysis revealed a trend for a positive relation-
ship between cortisol increase and social behavior in HC, b = .24, p = .080, while
in SAD there was no relationship and, on the descriptive level, a negative gradi-
ent, b =-.14, p = .229.

A B

-0- HC
- SAD o

(video rating)
Social behavior
(confederate rating)

Social behavior

3 2 1 0 1e+000 2 3 4 3 2 1 0 {et000 2 3
AUCi Cort AUCi Cort
(z-transformed) (z-transformed)
Figure 8.2. Regression of social behavior as a function of cortisol increase for subjects
with SAD and for healthy controls. A: Rating of video-raters. B: Rating of confederates.
SAD = social anxiety disorder, HC = healthy control, AUCi = area under the curve with
respect to increase, Cort = cortisol.
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For the confederates ratings, the model explained 15,2% of variance, R? = 152,
F(2, 109) = 9.73, p < .001. Here, both the factor GROUP and the CORTISOL IN-
CREASE significantly contributed to the model, showing the general performance
deficits of participants with SAD compared to healthy controls irrespective of
stress, and a better social performance with higher CORTISOL INCREASE. The inter-
action term did not reach significance (Table 4.2). As the slopes suggested that
the effect for cortisol was mainly driven by HC, simple effects were conducted.
There was a significant increase in the rating of social performance with higher
CORTISOL INCREASE for HC, F(1, 51)= 5.15, B = .306, p < .05, R? = .093, while this
was not the case for SAD, F(1, 58)= 1.40, B = .153, p =.243, R? = .023 [Fig. 8.2
(B)]. It should be noted that from a conservative point of view, simple effects
analyses are not proper in absence of a significant interaction and presence of
two main effects. Result therefore must be interpreted with caution (cf. Tybout et
al., 2001).

Additionally, in order to explore the effect of cortisol increase on social behavior in
HC, more detailed correlation analyses were conducted between the items of the
social behavior scale of the SBA-rating scale and cortisol increase (AUC,). On a
descriptive level, a clear pattern emerged. Social behavior in HC was associated
with cortisol increase (AUC)) exclusively for items 23 - 26° of confederates’ ratings
(Pearson correlation, ranging from r = 0.30 to r = 0.34, all ps < .05), comprising
more complex items and those indicating a connection to the conversation part-
ner, in contrast to the other items, that focus more on formal aspects of the con-
versation, i.e. “Did the participant finish his sentences?” or “Was there silence
many times?” (all ps > .16). It should be noted that this observation is merely de-
scriptive and would not withstand alpha correction for multiple testing (0.05/15 =
0.0033).

® Items 23 — 26 of the SBA-rating scale: “Could the participant start the conversa-
tion and keep it going?”, “Did the participant listen to what you were saying?”,
“Did the participant show interest in what you were saying (understandingly
nodding or using words like ‘aha’, ‘hmm, hmm’)?”, “Did the participant discuss
what you were saying (asking related questions, telling something that fits the
subject of the discussion)?”
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Table 8.2. Multiple regressions: Effects of cortisol increase on social behavior, as rated
by video-raters and confederates.

b (SE) B P
Video-ratings
Step1
Constant 6.04 (.13) .000
Group (0 = HC, 1 = SAD) -.38 (.17) -.22 .030
Cortisol increase(standardized) 240 (\13) .27 .070
Group*Cortisol increase(standardized) -.38 (.18) -.32 .033
Confederates
Step 1
Constant 6.747 .000
Group (0 = HC, 1 = SAD) -.786 -.326 .000
Cortisol increase(standardized) .358 .295 .025
Group*Cortisol increase(standardized) -.185 -.112 .391
Step 2
Constant 6.74 (.16) .000
Group -.79 (.21) -.33 .000
Cortisol increase(standardized) .26 (.11) .27 .018

Note: B = Unstandardized coefficient. SE = Standard Deviation. R? = .108 for video ratings
and R? = .162 for confederates ratings. Effects in bold depict significance levels of p < .05 or
lower.

Anxious Appearance

For the examination of anxious appearance, 2x2 (GROUP x CONDITION) ANOVAs
were conducted for confederates ratings. A significant effect of GROUP became
apparent, F(1, 109) = 8.87, p < .01, np2 = .075. That is, patients with SAD (M =
3.61 = 1.27) showed more signs of anxiety than healthy controls did (M = 2.29 +
1.27). There was no effect of CONDITION and no interaction between the two fac-
tors, all ps < .11, indicating that stress had no influence on the anxious appear-
ance of HC or SAD.

For anxious appearance as well, a multiple regression analysis was conducted. A
significant regression equation emerged, F(1, 110) = 8.01, p < .01, with an R? of
.068 (Table 8.3), reflecting the results from the ANOVA. That is, participants with
SAD were rated as more anxious than healthy controls. The individual cortisol re-

sponse did not modulate anxious appearance.
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Table 8.3. Multiple regressions: Effects of cortisol increase on anxious appearance (con-
federates rating).

B (SE) B P
Step1
Constant 2.96 (0.18) .000
Group 0.62 (0.24) .24 .012
Cortisol increase(standardized) 0.12 (0.18) .09 510
Group* Cortisol 456
increase(standardized) -0.18 (0.24) -10
Step 2
Constant 2.96 (0.18) .000
Group 0.62 (0.24) .24 .011
Group* Cortisol .710
increase(standardized) 0.06 (0.17) -04
Step 3
Group 0.62 (0.24) .24 .011

Note: B = Unstandardized coefficient. SE = Standard Deviation. R? = .058 .Effects in bold
depict significance levels of p < .05 or lower.

8.3.4.2 Effects of stress on social decision-making

In order to investigate effects of stress on decision-making, Mann-Whitney-U tests
were conducted for SAD and HC, respectively. In SAD, there was a significant ef-
fect of CONDITION for trustworthiness, with participants in the stress condition be-
ing less trustworthy than participants in the no-stress condition, U = -2.21, p <
.05, r = .29, see Figure 8.3. Additionally, there were trends for trust in the same
direction, U = -1.73, p = .084 as well as for risk, U = -1.76, p = .079. Apart from
that, CONDITION had no effect on the other variables tested (sharing, envy, pun-
ishment), all ps > .634. In HC, there was no effect for CONDITION in any of the pa-
rameters, all ps > .140. Ordinal regression analyses revealed that CORTISOL IN-
CREASE (AUCI) did not modulate decision-behavior in either SAD or HC, all ps >
.202.
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Figure 8.3. Mean scores in each game as a function of condition. Error
bars represent SEM. SAD = social anxiety disorder, HC = healthy control.
*p <.05. (*) p=.084 for trust and p = .079 for risk.

8.3.5 Influence of empathy on social interaction behavior under stress

8.3.5.1 Social Performance and empathy
Social Behavior

In order to examine a possible moderating effect of social cognition on the influ-
ence of stress on interaction behavior, the Process macro for SPSS by Hayes
(2013) was used (Model 1). In order to take inter-individual differences in empathy

into consideration, the cognitive and the emotional part of the MET were included
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into the model as moderators, respectively. Analyses were conducted separately
for SAD and HC. For the confederates’ ratings, the influence of stress on social
behavior was moderated by the participants’ cognitive empathy, F(3, 56) =
10.23, p < .001, R?= .29, see Table 8.4. Further, regions of significance were cal-
culated, using the Johnson-Neyman technique (see chapter 8.2.7 for description).
It was revealed that at mean-centered scores lower than -4.82 in the MET-cog,
stress/no-stress (condition) and social behavior were significantly related, b = -
0.92, {(53) = -2.00, p = .05. With decreasing cognitive empathy, the relationship
between stress/no-stress and social behavior became stronger, with the lowest
cognitive empathy score of -6.60 (13 correct answers out of 30), b = -1.28, {53) =
-2.16, p < .05. Further, at scores higher than 5.18, the interaction between condi-
tion and social behavior, again, became significant, b = 1.05, t(53) = 2.01, p = .05.
With increasing cognitive empathy, the effect became stronger, with the highest
score being 5.40 (25 correct answers), b = 1.10, #(53) = 2.03, p < .05. Only n = 1
participant of the SAD group yielded a score this high. Figure 8.4 illustrates the
conditional indirect effect at all values of the moderator with a 95% confidence
band. These results cannot be explained by an association between empathy
score and stress reactivity. Cognitive empathy was not correlated with the stress
reaction (AUC, of cortisol, heart-rate, and subjective stress, respectively) in SAD
or HC, all ps > .179. For the video ratings, there was no moderation effect of cog-
nitive empathy in SAD, F(3, 50) =2.103, p = .112, R?= 112.

Further, emotional empathy had no moderation effect on the relationship be-
tween stress and social behavior in SAD, for either confederates ratings, F(3, 56)
= 776, p = .511, R? = .040, or video ratings, F(3, 47) = 1.82, p = .157, R? = .104.
In HC, neither cognitive nor emotional empathy modulated the influence of stress
on social behavior (confederates and video ratings), all ps > .157. Consequently,
no significant transition points could be calculated by the Johnson-Neyman

technique.

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Effects of Stress on Social Interaction Behavior 89

Table 8.4 Moderation analysis for social anxiety disorder: Effects of condition on social
behavior and anxious appearance (confederates rating) as mediated by cognitive empa-
thy.

b (SE) t P
Social behavior
Constant 5.91 (0.13) 32.32 .000
Condition 0.03 (0.24) 0.12 .908
MET-cog 0.32 (0.14) 2.34 .023
Condition*MET-cog 0.54 (0.23) 2.40 .023

R? increase due to interaction: AR? = .058, p < .05

Anxious appearance

Constant 3.87 (0.24) 16.32 .000
Condition -0.56 (0.33) -1.69 .097
zMET-cog 0.29 (0.17) 0.18 .860
Condition*MET-cog -0.70 (0.33) -2.12 .039

R? increase due to interaction: AR? = .070, p < .05

Note: B= unstandardized coefficient. SE = standard error. MET-cog = cognitive part of Multi-
faceted Empathy Test. Effects in bold depict significance levels of p < .05 or lower.

—— Coefficient

Effect of stress/no-stress
on social behavior

MET-cog
(mean centered)

Figure 8.4. Results of the moderation analysis in social anxiety disorder. Conditional rela-
tion between stress/no-stress and social behavior (confederates rating), as a function of
cognitive empathy. Solid line represents unstandardized coefficient (b). Dotted lines indi-
cate 95%-confidence bands. Grey areas indicate region of significance (Johnson & Ney-
man, 1936). Predicted values are shown only for observed levels of the MET-cog. MET-
cog = Multifaceted Empathy Test, cognitive part.
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Anxious Appearance

In SAD, anxious appearance was moderated by cognitive empathy, F(3, 53) =
3.26, p < .05, R?= .16 (Table 4.4). More precisely, higher cognitive empathy was
associated with less anxious symptoms under stress in participants with SAD
(Fig. 8.5). Johnson-Neyman technique revealed that at scores of a z-score in the
MET-cog of at least 0.37 (20.0 out of 30 correct answers), condition (stress/no-
stress) and anxious appearance were significantly related, b = -0.65, {53) = -
2.01, p = .05. As cognitive empathy increased, the relationship between
stress/no-stress and anxious appearance became stronger, with the highest cog-
nitive empathy score being 5.40, b = -1.92, {(53) = -2.87, p < .01. That is, SAD
patients high in cognitive empathy could benefit from stress in terms of reduced
anxious appearance, while this was not the case for patients low in cognitive em-
pathy. The path model in Figure 8.6 illustrates the effect of stress on social be-

havior and anxious appearance, moderated by cognitive empathy.

Again, there was no influence of emotional empathy on anxious appearance in
SAD, F(3, 53) = .94, p = . 430, R?=.061. In HC, neither cognitive, F(3, 47) = 1.83,
p = .152, R? = .105, nor emotional empathy, F(3, 47) = 0.52, p = .671, R? = .035,

had a modulating effect on anxious appearance.

i —  Coefficient

Effect of stress/no-stress
on anxious appearance

I
-6 -4 -2 0 2 4 6

MET-cog
(mean centered)

Figure 8.5. Results of the moderation analysis in social anxiety disorder. Conditional re-
lation between stress/no-stress and anxious appearance (confederates rating), as a
function of cognitive empathy. Solid line represents unstandardized coefficient (b). Dot-
ted lines indicate 95%-confidence bands. Grey areas indicate region of significance
(Johnson & Neyman, 1936). Predicted values are shown only for observed levels of the
MET-cog. MET-cog = Multifaceted Empathy Test, cognitive part.
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Cognitive empathy

0.32* (sb)
-0.29 (anx)
0.54* (sb)
-0.70* (anx)
Condition > Social Behavior
(0= no stress, 1= stress) 10.03 (sb) Anxious Appearance
-0.56 (anx)

Figure 8.6. Path model of the effects of stress or no stress (condition) on social be-
havior and anxious appearance as mediated by cognitive empathy in the group of
social anxiety disorder. Dotted lines represent nonsignificant paths. Values are un-
standardized coefficients (b). sb = social behavior; anx = anxious appearance. *p <
.05.

8.3.5.2 Social decision making and empathy

In order to investigate if empathy had an impact on the relationship between
stress and social decision-making in SAD, again, moderation analyses with the
Process macro (Hayes, 2013) were conducted. For cognitive empathy overall,
no moderation effect was found for trustworthiness, F(3, 53) = 1.50, p = .224, R?
= .09, trust, F(3, 53) = 2.08, p = .114, R? = .105, or risk, F(3, 53) = 2.14, p = .107,
R? = 11. However, cognitive empathy for negative emotions modulated the effect
of stress on trustworthiness, F(3, 53) = 3.85, p < .05, R? = .18, and trust, F(3, 51)
= 2.81, p < .05, R? = .14 (Table 4.5). Johnson-Neyman technique revealed that for
mean-centered scores of the MET-cog of maximal 0.18 (10.3 correct answers out
of 15), there was a significant effect of stress/no-stress on trustworthiness, b = -
0.69, {(53) = -2.01, p = .05. With decreasing cognitive empathy, the effect became
stronger, with the lowest score being -5.12, b = -2.66, #(53) = -3.00, p < .01 (Fig.
8.7 (A)). The same relationship emerged for trust, with a significant relationship
between stress/no-stress and trust at scores of maximal -0.45 (b = -0.68, {(53) = -
2.01, p = .05) and lower, with the lowest score being -5.12, b = -2.45, #(53) = -
2.81, p < .01 (Fig. 8.7 (B)). That is, for SAD patients low in cognitive empathy for
negative emotions, stress led to reduced trustworthiness and trust; however, it did
not influence behavior in SAD patients high in cognitive empathy, reflecting the

same pattern as for social behavior.
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Figure 8.7. Results of the moderation analysis in social anxiety disorder. Conditional rela-
tion between stress/no-stress and trustworthiness (A) and trust (B), as a function of cogni-
tive empathy for negative emotions. Solid lines represent unstandardized coefficients (b).
Dotted lines indicate 95%-confidence bands. Grey areas indicate region of significance
(Johnson & Neyman, 1936). Predicted values are shown only for observed levels of the
MET. MET-cog neg. = Multifaceted Empathy Test, cognitive part for negative emotions.

There was no effect for risk in SAD, F(3, 53) = 1.33, p = .273, R? = .07. Moreover,
there were no moderation effects apparent in SAD regarding cognitive empathy
for positive emotions in the three parameters, all ps > .102. Further, as well as for
social performance, emotional empathy did not modulate social decision-making

in SAD, all ps < .201.

Table 8.5. Moderation analysis for participants with social anxiety disorder: Effects of
condition on trustworthiness and trust as mediated by cognitive empathy (negative va-
lence).

b (SE) t p
Trustworthiness
Constant 3.16 (0.24) 13.23 .000
Condition (0 = no-stress; 1 = stress) -0.75 (0.34) -2.21 .032
MET-cog_n -0.08 (0.23) -0.34 .735
Condition* MET-cog_n 0.80 (0.35) 2.30 .025
R? increase due to interaction: AR?=.085, p < .05
Trust
Constant 2.68 (0.23) 11.56 .000
Condition (0 = no-stress; 1 = stress) -0.51 (0.33) -1.86 128
MET-cog_n -0.41 (0.22) -1.55 976
Condition* MET-cog_n 0.82 (0.34) 2.42 .019

R? increase due to interaction: AR?=.095, p < .05

Note: MET-cog_n = cognitive empathy (negative valence). SE = Standard Error. Effects in
bold depict significance levels of p < .05 or lower.
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In Figure 8.8, the observed pathways and strength of association for the modera-
tion effect of stress on prosocial behavior (trustworthiness, trust) as moderated by

cognitive empathy are shown.

Cognitive empathy
for negative emotions
s -0.08 (tw)
N -0.41 (tr)
0.80* (tw) ‘\{
0.82* (tr)
Condition _ Trustworthiness
0= no stress, 1= st -
(0= no stress stress) 0.75 (tw) Trust

-0.51 (tr)

Figure 8.8. Path model of stress or no stress (condition) on trustworthiness and trust as
mediated by cognitive empathy for negative emotions in the group of social anxiety disor-
der. Dotted lines represent nonsignificant paths. Values are unstandardized coefficients
(b). tw = trustworthiness; tr = trust. * p < .05.

8.3.6 Self-assessment of social performance and self-focused attention
Social behavior

For the additional assessment of the self-perception of participants’ social behav-
ior in the conversation, a 2x2 (GROUP x CONDITION) ANOVA was conducted. The
ANOVA showed a strong effect of GRoupr, F (1, 109) = 29.37, p < .001, np2 = .263,
indicating that SAD evaluated their social behavior as worse compared to HC
(Fig. 8.9). Further, there was an effect of coNDITION, F(1, 109) = 8.02, p < .01, np2
= .069. Post-hoc t-tests revealed that the effect of CONDITION was driven by the
SAD-group, with higher self-ratings in the stress than in the no-stress condition
{(58) = -2.68, p < .05, dconen = 0.69, which was not apparent in the HC-group {(51)
= -1.34, p = .185. That is, SAD rated their behavior as better under stress than
under no-stress condition, while stress had no influence on self-ratings in healthy

controls.

In order to examine the three ratings in comparison and test for potential biases in
self-perception, two 3x2 RATERS (confederates/video/self) x CONDITION (no-
stress/stress) repeated measures ANOVAs were conducted for the groups sepa-

rately. In SAD, there was a significant effect of RATERS, F(2, 104) = 5.02, p <.01,
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ny’ = .09 and RATERS X CONDITION, F(2, 104) = 3.28, p <.05, n,° = .06. Post hoc
ANOVAs revealed, that the difference in raters was driven by the no-stress condi-
tion, F(1, 50) = 6.89, p <.01, np2 = .22 and dissolved in the stress condition, F(1,
54) = 1.65, p = .202, due to an increase in participants’ self-assessment (Fig.
8.9). In HC, repeated measures ANOVA vyielded a significant effects for RATERS,
F(2, 88) = 8.18, p <.01, np2 = .16. Post-hoc comparisons with Bonferroni correc-
tion revealed that video-ratings significantly differed from confederates- (p < .001)

and self-ratings (p < .001).
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Figure 8.9. Mean ratings (confederates, video, self) of participants’ social behavior
(£SEM) for the two conditions of the Trier Social Stress Test (no stress/stress). SAD =
social anxiety disorder; HC = healthy control.

Anxious appearance

For the assessment of the self-perception of participants’ anxious appearance, a
2x2 (GRoUP x CONDITION) ANOVA was conducted. A significant effect for CONDI-
TION, F(1, 109) = 10.03, p < .01, np2 = 0.08, as well as for GRouP, F(1, 109) =
30.64, p < .001, np2 = 0.22 emerged, indicating that SAD rated themselves as ap-
pearing more anxious than as HC rated themselves (Fig. 8.10). Post hoc t-tests
revealed that the effect of CONDITION was only apparent in the SAD group, #(58) =
2.74, p < .01, dconen = -0.71 , not in HC, t(51) =0.18, p = .087.

In order to examine the external- and self-rating in comparison, two 2x2 RATERS
(confederates/self) x CONDITION (no-stress/stress) repeated measures ANOVAs

were conducted for the groups separately. There was no significant effect for
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RATERS Or RATERS X CONDITION in both of the groups, all ps > .453. In SAD, there
was a significant main effect of cONDITION, F(1,58) = 8.68, p < .01, r),o2 = 0.13, in-
dicating less anxious appearance in the stress compared to the no-stress condi-

tion, regardless of external or self-rating (Fig. 8.10).

Self-focused attention

For the examination of self-focused attention (SFA) during the conversation, a
2x2 (GROUP x CONDITION) ANOVA was conducted. Self-focused attention was
higher for SAD (M = 21.67, = 8.45) than for HC (M = 13.23 £ 8.01), a significant
effect of GRoup, F(1, 109) = 30.5, p <.001, r/p2 = 0.22. Further, there was an effect
of CONDITION, F(1, 109) = 6.29, p <.05, np2 = 0.06. Post-hoc ANOVAs revealed
that this effect was driven by the SAD group, F(1, 58) = 4.57, p <.05, np2 = 0.07,
with higher SFA after no-stress (M = 23.93 * 8.08) than after stress (M = 19.40
8.34), and was not apparent in HC, F(1, 51) = 2.03, p <.160.
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Figure 8.10. Mean ratings (confederates, self) of participants’ anxious appearance
(£SEM) for the two conditions of the TSST-G (no stress/stress). SAD = social anxiety
disorder; HC = healthy control.

8.4 Discussion

The present study examined social affiliation behavior after stress in patients with
social anxiety disorder and healthy controls under consideration of individual em-

pathic abilities. As described previously (Chapter 7), stress induction via the
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TSST-G (von Dawans et al., 2011) was successful. Participants in the stress con-
dition exhibited higher increases in salivary cortisol, heart rate and subjective
stress measures than in the control condition. While HC and SAD patients did not
differ in their physiological stress reaction, patients showed significantly stronger

increases in the psychological stress response compared to healthy controls.

Results regarding the effects of stress on social interaction behavior can be
summarized as follows: Firstly, stress did not modulate social performance in the
conversation in SAD or HC on a conditional level (stress/no-stress condition of
the TSST-G). However, on the more sensitive stress measure of individual corti-
sol response, differential effects for SAD and HC became apparent. While HC
showed increased social affiliative behavior in the conversation with increasing
cortisol response, no such increase in social behavior was apparent in SAD. On
the contrary, in line with the hypothesis, SAD showed reduced trustworthiness
and (borderline significant) trust in the stress-condition compared to the no-stress
condition. Secondly, cognitive empathy buffered these effects of stress on social
interaction behavior in SAD. While stress led to reduced social behavior for pa-
tients low in cognitive empathy, no such decline through stress was apparent for
SAD high in cognitive empathy. The same pattern emerged for prosocial behav-
ior, with cognitive empathy for negative emotions alleviating stress-related reduc-
tions in trustworthiness and trust. Moreover, while patients high in cognitive em-
pathy could benefit from stress in terms of reduced anxious appearance, patients
low in cognitive empathy could not. Thirdly, as expected, patients showed social
performance deficits in the conversation, i.e. poorer external ratings on social be-
havior and anxious appearance compared to healthy controls. This is in line with
previous findings, reporting social performance deficits in SAD (Baker & Edel-
mann, 2002; Fydrich et al., 1998; Stopa & Clark, 1993; Voncken & Bdgels, 2008)
and corroborating the assumption that there is a core of truth in the patients’ fear

of negative evaluation.

This study for the first time showed that stress reduces prosocial behavior in pa-
tients with SAD in real social interactions and that high cognitive empathic abili-
ties might buffer those effects. The study fits in nicely with previous findings of re-
duced approach behavior after stress in SAD (Roelofs et al., 2009) and less pro-

social behavior in subclinical social anxiety (Mallott et al., 2009; Maner et al.,
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2007). Our results furthermore suggest that the inherent coping mechanism of af-
filiation under stress may be impaired in people suffering from SAD and, further-
more, that interindividual differences in cognitive empathic abilities seem to be
involved in the modulation of a withdrawing or affiliative response. In the follow-

ing, the results are discussed in detail.

Acute stress led to reduced prosocial behavior in SAD. The prefrontal cortex is a
target region for cortisol and increases of this hormone have been shown to im-
pair prefrontal functioning (Oei et al., 2007; Wolf, Schommer, Hellhammer,
McEwen, & Kirschbaum, 2001). Thus, under stress, attention regulation is limited
by inhibition of prefrontal activity in favor of a ‘bottom up’ control of attention (Arn-
sten, 2009). That is, under stress, salient stimuli bind attention even more than
under non-stressful conditions; in SAD this applies especially to threatening social
cues like signs of rejection (Bar-Haim et al., 2007; Cisler & Koster, 2010). An in-
creased processing of such social threat cues may increase the likelihood of
avoidant and withdrawing behavior. Aberrant attention processing in SAD might
be a fruitful target for treatment of social anxiety. Accordingly, in a study by Amir
and colleagues (2009), SAD patients received attention training with a variant of
the dot-probe paradigm. The training directed attention away from threatening fa-
cial cues and led to reduced symptomatology that maintained after a four-month
follow-up. Trainings for modification of attentional bias have been applied in sev-
eral anxiety disorders with an overall medium effect size regarding reduction of
anxiety symptoms (for a meta-analysis, see Hakamata et al., 2010). Moreover,
under stress, behavioral control is shifted from goal-directed to habitual and au-
tomatic processing (Radenbach et al., 2015; Schwabe & Wolf, 2009). In SAD,
stress may intensify negative cognitions about possible rejection by others
through inhibition of otherwise corrective cognitions. The reaction of reduced pro-
social behavior might evoke negative emotions in the interaction partner, who will
more likely show rejection, confirming the patient’s negative cognitions and ampli-

fying his/her anxiety, resulting in a vicious circle.

Thinking from a resource-oriented perspective, it could be argued that in SAD a
self-protection program applies, initiated to preserve the individual from the even
more stressful experience of affiliation (e.g. Arkin, Lake, & Baumgardner, 1986;

Rapee & Heimberg, 1997). As “blind faith” can have adverse consequences, such
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rather careful behavior may be functional in terms of stress reduction if one does
not feel comfortable around others. However, though in the short term stress may
be reduced, in the long term such behavior is not helpful, as it strengthens
maintenance of the symptomatology and fosters isolation (Alden & Taylor, 2004);
nonetheless, patients with SAD typically long for the company of others (Teo, Ler-
rigo, & Rogers, 2013).

In the present study, the individual capability for cognitive empathy in SAD mod-
erated the influence of stress on social interaction behavior. Lower scores in cog-
nitive empathy were associated with decreased social behavior under stress. No-
tably, this result was also reflected in social decision-making. Stress reduced trust
and trustworthiness in SAD patients with low cognitive empathy for negative emo-
tions, while no such decline was apparent for SAD high in cognitive empathy.
Crucially, the modulation by empathy was not apparent in nonsocial risk-taking,
underlining the social dimension of the effect. Thus, in line with our hypothesis,
empathic abilities buffered the adverse effects of stress on social interaction be-
havior in SAD. That is, SAD patients low in cognitive empathy seem to cope dif-
ferently with stress, i.e. by withdrawal instead of affiliation; conversely, SAD pa-
tients high in cognitive empathy seem to benefit from stress. These patients ex-
hibited an improved impression on their conversation partner through reduced
anxious appearance, and resistance against decreasing prosocial behavior under
stress. With this pattern of behavior, SAD patients converged to the behavior of
healthy controls under stress, reflecting a ‘normalized’ behavioral response and
slight indications of tend-and-befriend behavior. There was no association be-
tween stress reaction and empathy score that could have driven these effects.
Furthermore, the finding fits in nicely with literature that ties empathy to increased
prosocial and reduced antisocial behavior (for a review, see Bateson, 2002;
Lockwood et al., 2014).

The modulation of empathy was only apparent for cognitive empathy but not for
emotional empathy. Having to participate in a getting-acquainted-task like the one
in the present study constitutes a challenging and threatening experience for SAD
patients. Under such threatening circumstances, a rather unemotional and sober
projection of the other person’s thoughts might be more feasible than generating

and allowing compassionate feelings for the interaction partner. Thus, in the pre-
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sent study, cognitive empathic abilities might have had a stronger influence on
patients’ social behavior than their emotional empathic capacity did. Why did only
those patients with high cognitive empathy exhibit unimpaired social interaction
behavior under stress? One possible explanation could be a higher ability to dis-
tinguish between one’s own and another person’s emotional state. That is, a low
ability in cognitive empathy could lead to an impairment in the differentiation be-
tween one’s own and other people’s emotions. In this regard, cognitive empathy
is associated with self-reflection (e.g. Simone G. Shamay-Tsoory, 2011) and alex-
ithymia impairments in self-other distinction and distinguishing emotions from
bodily sensations (for a review, see Grynberg et al., 2012; Sifneos, 1973). The
emotional state of the participants in the stress condition was more negative (un-
easy, anxious, tensed) compared to that of the no-stress condition. Influenced by
their own unpleasant status, the emotional state of the conversation partner might
have been misconstrued as uneasy, hostile etc. and thus interpreted as rejecting
rather than open and accepting. In other words, the participants’ own discomfort
may have been attributed on their conversation partner. This might have resulted

in avoidant rather than affiliative and outgoing behavior.

On the neuronal level, patients low in empathic abilities may exhibit altered pro-
cessing and/or connectivity of regions associated with self-state perception such
as the precuneus (Cavanna & Trimble, 2006). Specifically, grey matter volume of
the precuneus has been negatively associated with empathic abilities (Banissy,
Kanai, Walsh, & Rees, 2012). Additionally, as part of the ‘default brain network’,
activity in the precuneus typically decreases when switching from rest to tasks
(Raichle & Snyder, 2007). Stress has been found to reduce this deactivation of
precuneus activity (Soares et al., 2013). Thus, under stress, detachment from
precuneus activity may be reduced in patients with low empathy, entailing height-
ened self-focused attention and leaving less attention for the interaction partner.
In fact, the findings of the present study point towards this, as in SAD patients,
cognitive empathy was negatively correlated with self-focused attention under

stress.

Further, stress-related impairments in prefrontal functioning leads to heightened
difficulties in verbalizing thoughts (Saslow et al., 2014). Thus, in the present

study, the expression of sympathy for the interaction partner might have been re-
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stricted under stress. Such expressions of interest in one’s interaction partner,
however, are necessary in order to fluently interact. Another way to show interest
is through mimicry, which functions as a marker of empathic concern for the other
person (Preston et al., 2007). Accordingly, individuals high in empathy have been
shown to exhibit more congruent facial electromyographic reactions (i.e. mimicry)
in interactions than those low in empathy (Balconi & Canavesio, 2013; Sonnby-
Borgstrém, 2002). Thus, in the present study, SAD patients high in empathy might
have been compromised by stress to a lesser extent, as they might have been
able to show interest through autonomic facial expressions of their own empathic

response.

Further, the influence of stress on prosocial behavior was modulated by cognitive
empathy for emotions with negative valence only. Why only for negative emo-
tions? Firstly, methodological reasons may be possible. Reaction times for items
with negative valence were longer and participants made more errors in identify-
ing the emotion compared to items with positive valence, i.e. identification
seemed to be harder for negative emotions. Thus, negative items might have dis-
tinguished more properly between subjects with high and low cognitive empathic
abilities, which may have allowed us to detect the effect. Secondly, participants
made the decisions of the paradigm while standing in front of the judges of the
TSST-G, in contrast to the conversation, which took place in a separate room and
not in front of the judges. The judges are trained to behave in a distant manner
and abstain from positive emotions and encouragement (see chapter 6.3.1. for
details). Moreover, the judges in the TSST have been shown to experience stress
themselves (Buchanan et al., 2012). Thus, the ability to particularly infer this ra-
ther negative emotional state might have been triggered and thus influenced de-
cision-making. Thirdly, contrary to difficulties in the identification of positive emo-
tions, deficiencies in the understanding of negative emotions like anger, sadness,
anxiety, despair etc. leaves the person with an ambiguous feeling about the other
person’s negative feelings and thus the degree of threat in that situation. Hence,
feelings of insecurity and helplessness may be evoked, resulting in safety-seeking
behavior such as withdrawal (e.g. Chen & Bargh, 1999; Herwig, Kaffenberger,
Baumgartner, & Jancke, 2007). Such engagement in safety behaviors might have
led to poorer performance ratings in the conversation, as they have been shown

to compromise smooth social interactions (McManus et al., 2008).
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Regarding the influence of stress on patients’ prosocial behavior in the social de-
cision-paradigm, effects were apparent only for trustworthiness and trendwise for
trust, while there was no effect for sharing, punishment and envy. This could be
due to several reasons. Firstly, trustworthiness requires the trustee to live up to
the other person’s expectations, in as much as trust requires the person to ex-
pose her-/himself to the reactions of others, which implies uncertainty and the
possibility of harm. Both aspects entail difficulties for patients with SAD. Interper-
sonal expectations, and beliefs about not meeting those expectations, as well as
insecurity regarding acceptance from others and fear of social rejection, are at the
core of SAD symptomatology. Those difficulties may be exacerbated under
stress. Secondly, sharing depicts less of an interactional character as participants
have to choose one of two allocation options, without having to integrate deci-
sions from the other player. Thus, the decision may to a greater extent be driven
by general motives of fairness and equity rather than being influenced by interac-
tional preferences of seeking affiliation. As has been shown in economic games,
a pure fairness motive can lead to prosocial behavior but also to the wish for re-
taliation and revenge when the motive is violated (Fehr & Fischbacher, 2003;
Fehr & Gachter, 2002). Thirdly, punishment and envy entail rather destructive in-
teractional behavior. Participants in general showed low punishing and envying
behavior. Considering motives of socially anxious individuals, the main goal in so-
cial interactions is protection of the self, rather than harming the others. There-
fore, it is not surprising that an effect of stress in SAD becomes evident more

clearly in the prosocial than in the antisocial behaviors.

Furthermore, in the present study, SAD patients compared to HC exhibited social
performance deficits in the conversation, irrespective of stress. This is in line with
previous studies, showing similar deficiencies in SAD during social interactions
(Baker & Edelmann, 2002; Fydrich et al., 1998; Stopa & Clark, 1993; Voncken &
Bogels, 2008). The finding corroborates the assumption that there is a core of
truth in the patients’ fear of negative evaluation. While cognitive models stress the
importance of problematic attentional processes and resulting negativity bias in
SAD regarding their own performance (Clark & Wells, 1995; Rapee & Heimberg,
1997), this might not be the whole story. Patients with social anxiety disorder

seem to display actual deficits in social interaction behavior. It is not yet clear
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what aspects drive the relationship between social anxiety and deficits in social
performance. Clark and Wells (1995) have suggested performance deficits in SAD
to being an epiphenomenon of safety behaviors and self-focused attention. That
is, efforts to hide anxiety may result in a less outgoing, less friendly appearance.
By engaging in behaviors that are intended to prevent possible negative evalua-
tion (e.g. avoidance of eye-contact or grasping a glass very tightly in order not to
drop it), people cannot gain the salutary learning experience that the feared nega-
tive evaluation does not necessarily occur. Moreover, by actually impairing social
performance (e.g. avoiding eye-contact can be perceived as disinterest), safety
behaviors can promote the eventuation of the feared outcome (Salkovskis, 1991;
Wells et al., 1995). In line with this, exposure therapy that included reduction of
safety-behaviors was superior to exposure alone (Wells et al., 1995). Others sug-
gest that a lack of social skills is responsible (e.g. Segrin, 2001; Segrin & Flora,
2000). However, as a treatment, social skills training alone does not seem to be
effective for symptom reduction (for a review, see Ponniah & Hollon, 2008).
Moreover, socially anxious individuals can perform better when it is asked of
them, indicating that social skills may be covert rather than non-existent (Thomp-
son & Rapee, 2002). More research is needed to precisely understand what
causes social performance deficits in SAD and under what circumstances this

elicits social rejection.

Moreover, the observed association of social behavior and cortisol stress re-
sponse in healthy controls is in accordance with previous studies, reporting an
absence of a conditional effect but an influence of HPA-axis responsivity on social
behavior (Berger et al., 2015; Smeets et al., 2009). Social behavior was associat-
ed specifically with the cortisol reaction and not with other stress measures, such
as heart rate or subjective stress response. This, too, is in line with previous find-
ings (Roelofs et al., 2009, 2005), strengthening the role of the HPA-axis in the
modulation of social behavior under stress. In particular, healthy participants
showed a positive relationship between increasing cortisol response and social
behavior ratings, which builds on the accumulating evidence for a tend-and-
befriend response in healthy individuals (for a review, see Buchanan & Preston,
2014). A closer look at the effect of the present study revealed that healthy con-
trols under stress improved especially with those items that reflect a connection

between the conversation partners (i.e. “Did the participant show interest in what
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you were saying? (including non-verbal aspects like nodding)?”), as opposed to
items relating to more formal conversational aspects (i.e. “Did the participant fin-
ish his sentences?”). This is in line with previous findings, showing closeness and
intimacy in dyadic interactions to rely on expression of concern for the disclosure
made by the interaction partner (Berg & Archer, 1980; Jones & Archer, 1976) and
on nonverbal behavior indicating interest, like smiling or nodding (Tickle-Degnen
& Rosenthal, 1990; Tucker & Anders, 1998). Hence, the present finding indicates
that increasing HPA-reactivity in healthy individuals may be associated with high-
er perceived closeness. It should, however, be noted that this effect was correla-
tive and allows no causal conclusions. Nonetheless, this observation contributes
to the accumulating evidence for the tend-and-befriend effect in healthy individu-
als (Buchanan & Preston, 2014), i.e., the tendency to affiliate with others under
circumstances of stress (Taylor, 2006; Taylor et al., 2000). Cortisol increase had
no influence on anxious appearance in HC. In fact, the results for social behavior
in the conversation are particularly interesting, as goodness of interactions seem
to be predicted by affiliating behavior rather than by visible symptoms of anxiety
(Alden & Bieling, 1998; Taylor & Alden, 2011; Voncken & Dijk, 2013). Additionally,
in contrast to anxious appearance, which is composed of physical reactions, so-
cial behavior is under voluntary control; thus, when it is impaired (as in SAD pa-
tients in the present study), it remains accessible for modification (namely via

psychotherapy).

In contrast to our expectation and in contrast to the conversation task, there was
no increase in prosocial behavior in healthy controls under stress, as measured
by the social-decision paradigm. Whereas in the social-decision-paradigm interac-
tions were realized via transfers on a computer, in the conversation task partici-
pants interacted with another person face-to-face. Being closer to real-life situa-
tions, the naturalistic setting might have triggered the perception of potential sup-
port from the interaction partner, leading to an impulse to affiliate with them. The
absence of physical closeness in the decision paradigm might have promoted
such feelings to a much lesser extent. However, stress effects in healthy controls
in paradigms of social decision-making have been shown before. Von Dawans
and colleagues (2012), for example, found increased trust, trustworthiness and

sharing after acute stress induction in healthy men. The apparent inconsistency
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might be explained by several factors. First, under the no-stress condition, partic-
ipants in the present study already behaved as prosocially as the stressed partici-
pants did in the previous study. That is, means for prosocial behavior under no-
stress conditions were similar to those of the stressed participants in the study by
von Dawans and colleagues. Thus, in the present study, a possible ceiling effect
could have prevented a stress effect from showing. A sharper adjustment of pa-
rameters might have been necessary. Second, effects of stress on social deci-
sion-making may be variable and dependent on interindividual characteristics
such as age. In fact, in the study by von Dawans and colleagues, the sample con-
sisted of a homologous set of healthy students, while the present study comprised
a broader profile of subjects with respect to education and age. Mean age in the
study by von Dawans and colleagues was 21.31 years, SD = 1.99, while in the
current study, the healthy sample was older (M = 27.38 years, SD = 6.51) and
covered a broader age range (18-49 years). Age has been shown to modulate the
extent to which trust is influenced by social information (Lee, Jolles, & Krabben-
dam, 2016). Moreover, activation (Guroglu, van den Bos, van Dijk, Rombouts, &
Crone, 2011) and cortical thickness (Steinbeis, Bernhardt, & Singer, 2012) of
brain regions relevant for social decision-making, such as the temporoparietal
junction and DLPFC, have been shown to be age-related, as those regions are
late-developing (Gogtay et al., 2004; Johnson, 2001). In sum, sample characteris-
tics and methodological aspects might partially account for the different findings.
Future studies will need to elucidate the impact of those aspects in order to fur-

ther disentangle the effects of stress on prosocial behavior.

The present findings give rise to the question of possible biological underpinnings
of the observed effects of stress on social interaction behavior. The oxytocin sys-
tem has been suggested as a crucial factor in the modulation of social behavior
under stress (Heinrichs et al., 2013, 2009). Oxytocin produces anxiolytic effects
by dampening the responsiveness of the HPA-axis (Cardoso, Kingdon, & Ellen-
bogen, 2014; Heinrichs et al.,, 2003) via downregulation of amygdala activity
(Baumgartner et al., 2008; Domes, Heinrichs, Glascher, et al., 2007; Kanat et al.,
2015). Considering also that oxytocin is crucial for social behavior (Heinrichs &
Domes, 2008) and facilitates social approach behavior (Donaldson & Young,
2008), the experience of stress may induce social affiliation behavior, modulated

by an increase in central oxytocin. Accordingly, in nonhuman mammals, it has

Dieses Werk ist copyrightgeschitzt und darf in keiner Form vervielféltigt werden noch an Dritte weitergegeben werden.
Es gilt nur fir den personlichen Gebrauch.



Effects of Stress on Social Interaction Behavior 105

been shown that during stress, the oxytocin level in the extracellular fluid of the
central nucleus of the amygdala is increased (Ebner, Bosch, Kromer, Singewald,
& Neumann, 2005; Landgraf & Neumann, 2004). Evidence for such an approach-
facilitating and stress-reducing mechanism in humans comes from studies on be-
havior (Radke, Roelofs, & de Bruijn, 2013; S. Taylor et al., 2006) and genetics (F.
S. Chen et al., 2011). Accordingly, oxytocin has been suggested as a pivotal point
in the regulation of approach/withdrawal behavior (Kemp & Guastella, 2010,
2011). Hence, the oxytocin system provides a neurobiological framework for the
stress-buffering effects of social support and the modulation of affiliative behav-
iors in response to stress. Accordingly, it plays a central role in the conceptualiza-
tion of the tend-and-befriend model (Taylor, 2006; Taylor et al., 2000), see Chap-
ter 3.1. In SAD, administration of 24 |U oxytocin has been shown to reduce hy-
peractivation of the amygdala and medial prefrontal cortex in response to social
threat (Labuschagne et al., 2010, 2011). Combining this observation with the find-
ings from the present study, it could be assumed that alterations in underlying ox-
ytocin system functioning in SAD might result in a reduced secretion of this hor-
mone under stress, thus, impeding the motivation to affiliate with others. In sup-
port, a recent study found preliminary evidence for reduced plasma oxytocin lev-
els after a trust game in SAD compared to healthy controls (Hoge et al., 2012). In
another study, oxytocin administration combined with exposure therapy improved
self-evaluation of appearance and speech performance in SAD patients; however,
effects did not generalize to improve overall treatment outcome (Guastella, How-
ard, Dadds, Mitchell, & Carson, 2009). Regarding basal oxytocin levels, the only
two studies that we are aware of either found no differences between SAD pa-
tients and healthy controls in plasma oxytocin (Hoge, Pollack, Kaufman, Zak, &
Simon, 2008) or reduced baseline levels (Hoge et al., 2012). A recent study on
the oxytocin receptor gene (OXTR) in SAD found reduced methylation of the
OXTR under social threat. The authors interpreted this finding as upregulation of
oxytocin receptor gene expression under threat due to presumably reduced basal
levels in SAD (Ziegler et al., 2015). Although awaiting corroboration, those find-
ings suggest that adaptability of oxytocin functioning in specific situations of so-
cial stress may be altered. Future studies are needed to further examine the role
of the oxytocin system in SAD to reveal if secretion and/or functioning are altered

and whether prolonged treatment of SAD with adjunct oxytocin improves social
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interaction behavior and facilitates seeking of social support (Heinrichs & Domes,
2008; Neumann & Slattery, 2016; van Honk, Bos, Terburg, Heany, & Stein, 2015).

Furthermore, SAD patients in the present study exhibited a negativity bias in self-
ratings compared to external ratings regarding their social behavior in the conver-
sation. This is in line with previous findings that report underestimation of oneself
in patients with SAD (Alden & Wallace, 1995; Rapee & Lim, 1992; Stopa & Clark,
1993). The finding underlines the importance of dysfunctional cognitions in psy-
chopathology of SAD. Although SAD patients actually appear less socially compe-
tent (Baker & Edelmann, 2002; Fydrich et al., 1998; Stopa & Clark, 1993; Vonck-
en & Bogels, 2008), others do not see them as deficient to the extent that the pa-
tients view themselves as deficient. Further, the bias dissolved in the stress-
condition, due to increased self-ratings. A possible explanation would be that
stress may have positively influenced the patients’ self-confidence. One would
expect a higher degree of self-confidence to manifest itself in facilitated interac-
tion behavior and thus improved external ratings. The improvement was, howev-
er, not reflected by increases in external ratings of social behavior. Alternatively,
the increased self-assessment might reflect hints of positive effects of stress spe-
cifically on self-perception in SAD, possibly mediated by oxytocin. Stress is known
to trigger oxytocin release (Ebner et al., 2005; Landgraf & Neumann, 2004) and in
a study that administered oxytocin in conjunction with exposure therapy, SAD pa-
tients with oxytocin perceived their appearance as better than those receiving
placebo (Guastella et al., 2009). The ‘normalized’ self-rating, i.e. dissolving of the
negativity bias, in SAD patients was reflected by reduced self-focused attention
during the conversation for stressed SAD patients. Notably, this reduction in self-
focused attention, again, was associated with cognitive empathy. That is, stress
reduced self-focused attention especially for those SAD patients with high cogni-
tive empathic abilities, which may have resulted in perceiving and overrating few-

er supposed flaws.

The present findings underline two crucial notions. The first one concerns the way
SAD patients deal with stress and its interactional consequences. Lacking a vital
function that normally promotes affiliation and belonging, SAD patients seem to
be doubly burdened — they miss out on a powerful opportunity to reduce stress

and, at the same time, create distance to others, thereby corroborating sympto-
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matology. Secondly, more attention needs to be paid to the heterogeneity of dis-
orders like SAD in research and clinical treatment. Taking fuller account of indi-
vidual dispositions such as social cognitive abilities may allow for the develop-
ment of individually adapted therapeutic approaches, thereby increasing the per-
centage of patients that benefit from therapy.

Healthy individuals may react by turning towards others, thereby having the
chance of receiving social support, a powerful stress-reducing source (Ditzen &
Heinrichs, 2014). For people suffering from social anxiety, however, this way of
coping seems unusable, especially for those with low empathic abilities. As a
consequence, an insufficient repertoire to deal with stress results in prolonged
distress and eventually increases the risk for stress-related disorders such as hy-
pertension or metabolic disorders (Chrousos, 2009; Repasky, Eng, & Hylander,
2015). Investigating the relation between stress and social behavior may also be
of high relevance to other stress-related disorders, such as PTSD or depression
(Sandi & Haller, 2015). People suffering from these disorders often suffer impair-
ments in social functioning, such as social avoidance, anxiety, deficits in social
cognition (Bora & Berk, 2016; Hames, Hagan, & Joiner, 2013), as well as hostile
behavior (Freeman & Roca, 2001), especially when confronted with stress
(Painuly, Sharan, & Mattoo, 2007).

In conclusion, the crucial result from the present study is that people suffering
from social anxiety disorder, as opposed to healthy controls, seem not to display
tend-and-befriend behavior in reaction to stress. While healthy controls could
benefit from increasing HPA-reactivity under stress in terms of improved social
behavior in a conversation, SAD patients did not deploy such coping mecha-
nisms. Instead, they were characterized by an absence of increases in affiliative
behavior and reduced prosocial behavior under stress. The capacity for cognitive
empathy may be a pivotal point in the modulation of stress on social behavior.
Maladaptive effects of stress may be attenuated by the capability for cognitive
empathy. Essential questions for future research are what the neural underpin-
ning of these effects might be and how they contribute to the development and
maintenance of social anxiety disorder. Moreover, future studies should address
whether these results are specific to social anxiety disorder or are more generally

characteristic of anxiety disorders or psychiatric disorders with social impair-
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ments, such as autism or borderline personality disorder. And finally, future re-
search needs to focus on how these findings may be utilized for improved diag-
nostics and therapy. Specifically, this may involve differentiated diagnostics that
account for patients' individual capability of coping and their social cognitive abili-
ties. Building on this, well-tailored treatments that include psychotherapy in con-
junction with social cognition training and/or augmentation with oxytocin admin-

istration may improve today’s therapeutic success.
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IV GENERAL DISCUSSION

The present thesis has presented the effects of acute stress on social interaction
behavior in social anxiety in two empirical chapters. The findings have been criti-
cally discussed regarding possible psychobiological mechanisms and have been
embedded into the recent literature. This final chapter highlights and discusses
the key findings of the investigation and addresses methodological considerations
and limitations, before pointing out therapeutic implications as well as deriving

open questions and possible leverage points for future research.

9  Summary of the Results and Conclusion

The first empirical chapter examined the stress reactivity in social anxiety disorder
compared to healthy controls on an endocrine, cardiovascular and subjective lev-
el (Chapter 7). The second empirical chapter investigated the influence of stress
on social interaction behavior in patients with SAD, under consideration of indi-

vidual empathic abilities (Chapter 8).

9.1 Dissociated stress response in social anxiety disorder

To date, the stress reaction in patients with SAD is not well understood and the
literature on the physiological stress reactivity is limited by inconsistent and partly
unstandardized stress induction methods (see chapter 4.9). Hence, the objective
of the first study was to examine the stress response in patients with social anxie-
ty disorder (SAD) compared to matched healthy controls, using a standardized
and well-established method for induction of moderate psychosocial stress, the
Trier Social Stress Test for Groups (TSST-G; von Dawans et al., 2011).

A clear pattern of a dissociated reactivity between subjective and physiological
stress response in patients with SAD compared to healthy controls emerged. That
is, while SAD patients exhibited an increased reaction to stress in all of the sub-
jective stress measures (stress, tension, discomfort, anxiety, avoidance, feeling of
control), they did not differ to healthy controls regarding reaction in both physio-
logical measures (salivary cortisol and heart rate). This is in line with previous

studies that found no differences in the endocrine and/or autonomous stress reac-
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tion of SAD patients and healthy controls (Anderson & Hope, 2009; Beaton et al.,
2006; Edelmann & Baker, 2002; Grossman, 2001; Klumbies et al., 2014; Martel et
al.,, 1999). The results, however, contrast with studies that report an aberrant
physiological stress reactivity for SAD (Condren et al., 2002; Furlan et al., 2001;
Roelofs et al., 2009; van West et al., 2008). | have discussed several methodolog-
ical aspects that may account for some of the differences, like method of stress

induction or comorbidity status (see Chapter 7.4).

The findings are indicative of a biased perception, as proposed by cognitive mod-
els of SAD (Clark & Wells, 1995; Rapee & Heimberg, 1997). More precisely, dys-
functional appraisal and negative self-concept are associated with social anxiety
(Beck et al., 1985; Clark & Wells, 1995; Hope, Gansler, & Heimberg, 1989).
Hence, the present findings underline the role of cognitive processes in the gen-
eration of anxiety and subjective stress in SAD. This is underpinned by a recent
study on CBT in SAD patients, where therapy-associated reductions in anxiety
and avoidance were unrelated to physiological symptoms (Aderka, McLean, Hup-
pert, Davidson, & Foa, 2013).

9.2 Cognitive empathy buffers adverse effects of stress on social
behavior in social anxiety disorder

The second empirical chapter aimed at examining the effects of acute stress in
SAD, with its influence on social interaction behavior and a possible modulating
effect of social cognitive abilities (see Chapter 8). There is accumulating evidence
for increased prosocial behavior in response to stress in healthy individuals (for a
review, see Buchanan & Preston, 2014). Little is known, however, about whether
this behavioral pattern can apply in patients with SAD, in whom social contacts
are avoided or endured with intense distress (American Psychiatric Association,
2013). Moreover, empathy, i.e. the ability to infer other people’s mental states,
plays a fundamental role in social interactions and has been shown to promote
prosocial behavior (Bateson, 2002; Eisenberg, 2007; Hoffmann, 2008).

The results from the present study suggest that people suffering from SAD exhibit
a different social behavioral response pattern to acute stress than healthy individ-
uals do. While healthy controls benefited from increasing HPA-reactivity under

stress, in terms of improved social behavior in conversation, SAD patients did not
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show such improvements. On the contrary, they exhibited reduced prosocial be-
havior, i.e. less trustworthiness (and, marginally significantly, less trust) under
stress. Most notably, cognitive empathy buffered the effects of stress on social
interaction behavior in SAD. Specifically, SAD patients low in cognitive empathy
seem to cope differently with stress, i.e. by withdrawal instead of affiliation, while
SAD patients high in cognitive empathy seem to benefit from stress in terms of an
improved impression on their conversation partner through reduced anxious ap-
pearance and resistance to decreasing prosocial behavior under stress. Exhibit-
ing this pattern of behavior, SAD patients converged to the behavior of healthy
controls under stress, reflecting a ‘normalized’ behavioral response and slight in-
dications of tend-and-befriend behavior. There was no association between stress

reaction and empathy score that could have driven these effects.

Turning to others in times of stress requires us to confide in the other person and
feel safe around him/her. While this drive may be inherent in healthy controls, it
may be deficient in people with SAD. The present findings suggest that high em-
pathic abilities seem to accommodate this deficiency in SAD patients and play a
crucial role in the modulation of social behavior. By inferring the other person’s
mind and comprehending his/her actions, we can perceive ourselves as an “ally”
to the other person, feeling close to him/her in contrast to perceiving him/her as a
potential threat and feeling distant. Moreover, empathy facilitates altruistic behav-
ior (Bateson, 2002; Batson & Coke, 1981; Eisenberg, 2007), and several studies
have found a negative association between empathy and aggressive and antiso-
cial behavior (Kaukiainen et al., 1999; Robinson, Roberts, Strayer, & Koopman,
2007). It is likely that people who are willing to help others and who tend to be
more other-oriented also show more affiliation under stress. Thereby, they have
the chance to gain social support, which is tied to positive health outcomes
(Ditzen & Heinrichs, 2014). In accordance, empathy has been associated with re-
duced levels of burnout (Brazeau, Schroeder, Rovi, & Boyd, 2010; Gleichgerrcht
& Decety, 2013; Lamothe, Boujut, Zenasni, & Sultan, 2014; Yuguero, Marsal, Es-
querda, Vivanco, & Soler-Gonzalez, 2017; Yuguero Torres, Esquerda Aresté,
Marsal Mora, & Soler-Gonzalez, 2015), suggesting a healthier processing of
stress. Affiliation towards others could account for this association. This may be

of specific relevance in people who usually exhibit aberrant social affiliation, in
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disorders such as SAD, autism or borderline personality disorder (Baron-Cohen,
2000; Dinsdale & Crespi, 2013; Jeung & Herpertz, 2014)

10 Methodological Considerations and Limitations

There are some limitations of the present study that need to be considered. First,
the sample of patients with SAD was selective in terms of burden, as participants
had no comorbidities, no use of drugs and no current medical or psychotherapeu-
tic treatment. Social anxiety is often comorbid with other anxiety disorders and
depression (Beesdo et al., 2007) and this is linked with more severe impairments
(e.g. Erwin, Heimberg, Juster, & Mindlin, 2002; Kessler, Berglund, et al., 2005).
For example, it has been shown that deviances in amygdala activity for emotion
regulation are more pronounced in comorbid SAD patients than in SAD-only
(Burklund, Craske, Taylor, & Lieberman, 2015). Thus, the sample of SAD patients
may not represent the highly burdened comorbid SAD patients, and deficits in so-
cial behavior might be even more pronounced in the latter. However, symptom
severity was still high, with mean LSAS scores of 65.8 (SD = 22.3), indicating a
moderate to pronounced form of SAD. Additionally, it would be of interest to in-
clude a second control group next to healthy individuals, such as generalized anx-
iety disorder or specific phobia, in order to disentangle effects specific to social
anxiety from general anxiety-related variance. Moreover, our sample consisted of
male participants only, thus, findings cannot be generalized to female SAD pa-
tients. More precisely, sex differences have been reported for the neuroendocrine
stress reaction (Kudielka & Kirschbaum, 2005; Zorn et al., 2016) and modulation
of social behavior through stress may entail differences for women, as gonadal
steroids play a crucial role in regulation of behavior (Lim & Young, 2006; Soma,
Scotti, Newman, Charlier, & Demas, 2008). Accordingly, men and women have
been suggested to differ in their ways of coping, with women seeking more social
support than men (for a meta-analysis, see Tamres, Janicki, & Helgeson, 2002; S.
Taylor et al., 2000). Considering these differences, studies examining the present
topic in both males and females are needed. Further, patients in the stress-
condition were older than patients in the no-stress-condition. Although not statisti-

cally significant (p = .062), it could have had an influence on the stress response,
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as age has been shown to influence heart rate as well as cortisol responses
(Kudielka et al., 2004a, 2004b). However, in the study that directly compared the
stress reaction in different age groups, reporting decreased heart rate reaction for
older males (Kudielka et al., 2004b), the age difference between groups was at
40.90 years much higher than in the present study (2.77 years). Thus, it can be
assumed that the marginal and non-significant age difference in the present sam-
ple did not bias results. Regarding HPA-axis reactivity, cortisol response in older
men has been shown to be elevated compared to younger men (Kudielka et al.,
2004a; Kudielka, Schmidt-Reinwald, Hellhammer, Schirmeyer, & Kirschbaum,
2000; Rohleder, Kudielka, Hellhammer, Wolf, & Kirschbaum, 2002). As the partic-
ipants in the stress-condition were marginally older than those in the no-stress
condition, an age effect would have, if anything, led to higher responses in the
stress group, thereby underpinning our finding of a comparable cortisol reaction in
SAD and HC. In addition, with the glucocorticoid cascade hypothesis (Robert M.
Sapolsky, Krey, & McEwen, 1986), it has been stated that deficiencies in the ter-
mination of glucocorticoid secretion through hippocampal feedback would lead to
increased HPA-axis reactivity in older organisms. This, however, has been called
into question by De Kloet and colleagues (1998). Based on findings on changes in
glucocorticoid and mineralocorticoid receptor binding in aging (De Kloet et al.,
1991), they developed the corticosteroid receptor balance theory, claiming that
aging would be accompanied by the creation of a balance between glucocorticoid
and mineralocorticoid receptors, resulting in comparable endocrine responses in

older and younger individuals.

Further, activity of the HPA axis and ANS was examined through the collection of
salivary cortisol and recording of heart rate. Although both measures are well-
established parameters in stress research, the stress response is a highly com-
plex process with many substances and interactions involved. As such, stress al-
so leads to changes in glucocorticoids, catecholamines, prolactin and growth
hormone, so that the examination of heart rate and salivary cortisol as end-
products are but two of many possible candidates (Foley & Kirschbaum, 2010).
While heart rate depicts one aspect of SAM activity, assessment of epinephrine
and norepinephrine levels in blood plasma would enable a direct derivation of ad-

renal medulla activity. Moreover, as regards HPA-axis activity, the additional ex-
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amination of concentrations of ACTH, CRH or salivary alpha-amylase (sAA) could
better depict the complete response and further elucidate whether possible devia-
tions at another point in the physiological stress reaction in SAD occur. However,
a recent study did not find differences in SAD compared to healthy controls in sal-
ivary and plasma cortisol, sAA, prolactin, heart rate and heart rate variability, cor-
roborating the present findings (Klumbies et al., 2014). Moreover, assessment of
other HPA-axis measures, such as ACTH, requires invasive sampling of blood

plasma, which may act as an unwanted stressor and bias baseline measures.

The findings from previous studies on prosocial decision-making under stress in
healthy participants were not replicated. Reasons for this might be differences in
study design, sample characteristics and a possible ceiling effect. An investiga-
tion taking these aspects into consideration could help clarify under what circum-
stances tend-and-befriend behavior is shown in healthy controls, and what con-
tributed to the difference in observations. Finally, the moderation of stress and
social behavior by empathy during the conversation was apparent only in the rat-
ing by confederates but not in the video ratings. Although overall inter-rater relia-
bility was good, differences in ratings due to different proximity to the participant
might have accounted for this incongruity. As findings by Berg and Archer (1980)
show, empathic concern for self-disclosure of one’s interaction partner predicts
likeability. Empathic concern is expressed via reactions such as mimic expres-
sions or slight variations in posture (Niedenthal, 2007; Zahn-Waxler & Radke-
Yarrow, 1990). Such subtle reactions might have been especially perceptible for
confederates but not for video-raters, as video recordings of conversations are
limited in comparison to being present in the actual situation. This may be due to
several aspects, including: a restricted image section from outside; not being
face-to-face with the participant; resolution and color rendering being dependent

on technical quality; and inaccuracy in recording very low tones.

11 Implications for Psychopathology and Treatment

The findings of the present study entail implications for the understanding of the
psychopathology of social anxiety disorder and for therapeutic approaches. Spe-

cifically, the findings underline the importance of dysfunctional cognitive pro-
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cessing in SAD in regards to threat intensity in social situations. The awareness
that the patients’ physiological reactions are within the normal range might soothe
them and encourage them to make contact with others. With this, the therapist as
well as the patient may have a broader groundwork to build on. Furthermore, the
findings suggest that while stress can have a positive impact on social interac-
tions in healthy controls, this association seems to be more complex for SAD pa-
tients. Especially those patients low in social cognitive abilities do not seem to
engage in affiliation behavior in the sense of tend-and-befriend. If this observation
is true, the consequences are wide ranging. With an absence of affiliative behav-
ior in times of stress, they lack a powerful mechanism to reduce stress, thereby
narrowing coping possibilities. This not only implies negative effects for general
health (Ditzen & Heinrichs, 2014) but also most likely exacerbates symptomatolo-
gy. If the tendency to avoid social contacts is amplified under stress, patients run
the risk of forfeiting positive and corrective social experiences even more when
daily stressors have to be endured. Therapists may pay specific attention to
whether the patient is in possession of sufficient stress regulation strategies and
consider integration of such in the treatment. Thereby, the risk of withdrawal due
to high stress levels and resulting adverse effects on symptomatology and gen-

eral health may be lowered.

Furthermore, high cognitive empathic abilities appear to buffer maladaptive social
behavioral consequences of stress in SAD. DeWall and Baumeister (2006)
showed that the mere prospect of loneliness decreases empathizing with others.
Thus, SAD patients low in empathic abilities are confronted with an additional
empathy reduction risk, as avoidance of social contacts and thoughts about ex-
clusion and loneliness are everyday dangers, creating a vicious circle. An individ-
ually fitted treatment could include training of empathic abilities for those patients
who exhibit deficiencies in that area. As empathy is a broad and complex con-
struct, the concrete aspects to be targeted would need to be defined. The present
study focused on basal aspects of empathy, i.e. recognizing the other person’s
mental state. More broadly, it would be interesting to investigate if differences in
other aspects of the construct of empathy, such as mimicry as a form of commu-
nicative functioning (Bateson, 2011) or the motivation to help, would yield compa-

rable results in modulating SAD patients’ behavior under stress. And further, how
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can these and future findings be transferred into knowledge that actually becomes
part of clinical practice? This opens a fruitful topic for future studies. Might those
SAD patients low in empathic abilities benefit from training in basal emotional
sharing, from exercises in mindfulness on compassion, or emotion regulation
strategies for the reduction of personal distress (also see Singer & Lamm, 2009)?
These questions await pursuit. An early training program on social cognition was
proposed by Feshbach and Feshbach (1982), the Empathy Training Program. It
included training of emotion identification and emotion discrimination, as well as
lessons on perspective-taking. A 10-week training period on the program led to
increased prosocial behavior in the intervention group compared to a control
group (Feshbach, 1984). In patient groups, to date, several training programs
have been developed regarding social cognitive remediation in schizophrenia
(e.g. Horan et al., 2011; Kayser, Sarfati, Besche, & Hardy-Baylé, 2006; Penn,
Roberts, Combs, & Sterne, 2007; Wolwer et al., 2005). A recent meta-analysis
(Wykes, Huddy, Cellard, McGurk, & Czobor, 2011) revealed moderate effect sizes
for social cognition, with durable improvements in the domain of emotion recogni-
tion and, in some of the studies, in attributional style. Notably, social cognition
training only had positive effects on functioning when combined with psychiatric

treatment.

In line with previous studies (Baker & Edelmann, 2002; Fydrich et al., 1998; Stopa
& Clark, 1993; Voncken & Bdgels, 2008), SAD patients exhibited social perfor-
mance deficits compared to HC. The finding corroborates the assumption that
there is a core of truth in the patients’ fear of negative evaluation. The accumulat-
ing evidence for these deficiencies is of high therapeutic relevance. If patients
with SAD appear less socially approachable and thus less likable, a therapy that
mainly focuses on exposure therapy cannot necessarily be effective, as some of
the cognitions might not be biased. In those cases, exposure might carry the risk
of nurturing negative experiences and thus repeating the individual’s learning his-
tory, maintaining fears. Accordingly, despite repeated exposures, patients with
SAD mostly do not show habituation of their anxiety, in contrast to other anxiety
disorders (Stangier, Heidenreich, & Peitz, 2003). In fact, a recent meta-analysis
on therapy of anxiety disorders found no differences in the efficacy of CBT and
exposure therapy for panic disorder and PTSD, but a clear superiority of CBT for

SAD (Ougrin, 2011). From a classic behavior therapeutic view, the lack of habitu-
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ation may seem paradoxical. Besides the assumption that SAD patients avoid full
exposure by usage of safety behaviors (Clark, 2005), merely withstanding the
feared situation may not account for what a person suffering from SAD actually
needs. With awareness of individual performance deficits, their differentiation
from actually biased cognitions, and the subsequent integration of that awareness
in the therapy, we might get closer to a tailored therapy for SAD.

Previous work has reported a connection between social performance deficits,
negative emotions in others and subsequent social rejection (Alden & Wallace,
1995; Creed & Funder, 1998; Meleshko & Alden, 1993; Voncken, Alden, Bogels,
& Roelofs, 2008). The roles of stress and decreased prosocial behavior as a pos-
sible mediating factors, however, have not been considered so far. In social situa-
tions, stress is immanent for people with SAD. Social performance deficits may be
a manifestation of reduced affiliative behavior, induced by the perceived stress.
Cognitions that facilitate withdrawal and reductions in prosocial behavior (e.g. “/
don’t need the others/care about them”) may be a form of dysfunctional coping by
lowering the patient’s own high standards and expectations for the interaction
(Alden, Ryder, & B, 2002; Clark & Wells, 1995; Juster et al., 1996). Lowered ex-
pectations may lead to short-term reduction of anxiety, while symptomatology and
social impairment are fueled in the long-term. Dysfunctional coping strategies like
this have been described as disengagement (Carver, Scheier, & Weintraub, 1989)
and have been associated with social anxiety (Thomasson & Psouni, 2010). Such
strategies basically aim at avoiding the experience of threatening situations or
emotional distress. Further, another way to cope is substance abuse (Blumenthal,
Ham, Cloutier, Bacon, & Douglas, 2016; Thomasson & Psouni, 2010; for a review,
see Carrigan & Randall, 2003). Those SAD patients with higher social cognitive
abilities may engage less in such disengagement coping. More studies are need-
ed to confirm the present findings. When stress proves to reduce prosocial and
affiliative behavior in SAD, this may open a valuable leverage point in the treat-
ment of this disorder. Patients may train to engage in functional stress regulation
strategies in order to prevent the need for withdrawing and reduced prosocial be-
havior. For example, mindfulness-based stress reduction in SAD may contribute
to improving symptomatology and flexibility in emotion regulation (Goldin & Gross,
2010).
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More fine-tuned diagnostics are needed that consider the patient’s individual ca-
pacity for emotional regulation and social cognitive abilities. Building on this, well-
tailored treatments that include psychotherapy in conjunction with social cognition
training and/or augmentation with oxytocin administration may help improve to-

day’s insufficient efficacy in the treatment of disorders like social anxiety disorder.

12 Integrational Model of Stress-Related Behavior and Social
Impairment

In this thesis, the oxytocin system has been discussed as a possible underlying
biological mechanism involved in the modulation of social behavior after acute
stress (see Chapter 3.1). Oxytocin produces anxiolytic effects by dampening re-
sponsiveness of the HPA-axis (Cardoso et al., 2014; Heinrichs et al., 2003) via
downregulation of amygdala activity (Baumgartner et al., 2008; Domes, Heinrichs,
Glascher, et al., 2007; Kanat et al., 2015). Moreover, oxytocin improves cognitive
empathy (Domes, Heinrichs, Michel, et al., 2007; Lischke et al., 2012; Schulze et
al.,, 2011) and is crucial for social behavior (Heinrichs & Domes, 2008). Plasma
oxytocin levels on the one hand have been shown to be relatively stable over time
(Feldman, Weller, Zagoory-Sharon, & Levine, 2007) and on the other hand to ex-
hibit situation-specific modulation depending on the social contacts (Feldman,
Gordon, Schneiderman, Weisman, & Zagoory-Sharon, 2010). There is preliminary
evidence of reduced plasma oxytocin levels in SAD compared to healthy controls
(Hoge et al., 2012). Moreover, oxytocin administration in SAD has been shown to
reduce hyperactivation of the amygdala and medial prefrontal cortex in response
to social threat (Labuschagne et al., 2010, 2011). Alterations in underlying oxyto-
cin system functioning in SAD might result in a reduced secretion of this hormone
under stress, thereby impeding the motivation to affiliate with others. In SAD pa-
tients with high social cognitive abilities, central oxytocin levels may be higher,

facilitating approach under stress.

The behavioral response to stress is complex and dependent on various situa-
tional and individual aspects (see Buchanan & Preston, 2014; Preston & De Waal,
2002). Being able to flexibly adapt to contextual demands is supposed to be cru-
cial for physical and mental health (Aldao, Sheppes, & Gross, 2015; Kashdan &
Rottenberg, 2010). Patients with SAD have been shown to exhibit more rigid, in-
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flexible reactions to social stress (Farmer & Kashdan, 2015; Werner, Goldin, Ball,
Heimberg, & Gross, 2011).

The model in Figure 12.1 integrates this observation into the findings from the
present study, building on the models by Heinrichs & Domes (2008) and von
Dawans (2008). Healthy individuals are able to adaptively modulate their social
behavior in response to stress, according to situational and individual demands
(see Buchanan & Preston, 2014; Preston & De Waal, 2002). That is, depending
on contextual aspects and personal goals, one may engage in either amenable or
aggressive behavior. For example, affiliation behavior in reaction to receiving bad
news enables social support. These positive social contacts stimulate oxytocin
release, which in turn alleviates HPA-axis and amygdala reactivity. However, a
more aggressive or defensive behavior may be functional in situations such as in
a contest, in order to prevail against the competition, or in an actual threat situa-
tion, such as being mugged. In psychopathology associated with impairments in
social functioning, such as social anxiety disorder or borderline personality disor-
der, only limited adaptation might be possible. Moreover, behavioral outcomes
seem to be dependent on social cognitive abilities, with high social cognitive abili-
ties facilitating affiliative behavior, modulated by the oxytocin system. Notably, af-
filiation behavior is shown to be less likely, although context and individual goals
might promote affiliative social interaction behavior. Showing withdrawal or anti-
social behavior in such situations, on the other hand, elicits negative emotions in
others and leads to social rejection. Thereby, patients miss out on the anxiolytic,
stress reducing effects of positive social contacts, forfeiting a vital coping mecha-

nism.
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Figure 12.1. Model of the effects of stress on social behavior and interactional conse-
quences in health and psychopathology. Adapted from Heinrichs & Domes (2008) and von
Dawans (2008). Healthy individuals adaptively modulate social behavior in response to
stress, according to situational and individual requirements. When there are no conflicting
situational or individual demands, stress leads to affiliation behavior. Resulting positive
social contacts stimulate oxytocin release, which in turn alleviates HPA axis and amygda-
la reactivity. In psychopathology, adaption, especially affiliation behavior, is only limitedly
possible (indicated by dotted lines) and is dependent on social cognitive abilities, modu-
lated by the oxytocin system. Showing withdrawal/antisocial behavior elicits negative
emotions in others and leads to social rejection. HPA axis = hypothalamus pituitary ad-
renal axis; cogn. = cognitive.

13 Remaining Questions and Future Goals

Over one-hundred years after Cannon (1915) described the fight-or-flight re-
sponse to acute stress, our understanding of the manifold consequences of stress

has expanded but there are no fewer open questions.

The findings of the present study suggest the physiological stress response of
SAD patients is similar to that of HC. Nonetheless, ambiguity in the data situation
calls for further investigation of the stress systems in social anxiety. Despite
growing research on endocrine and autonomous stress reactivity in social anxiety

disorder, as well as on the stress-related neuronal correlates in this disorder, par-
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adoxes regarding the physiological stress reaction in SAD remain. Studies are
needed that implement a combined investigation of endocrine stress markers and
brain imaging in response to acute stress processing in social anxiety. The im-
plemented stress induction should exhibit characteristics of a general stressor in-
stead of cues that depict a ‘social threat’ to SAD patients but not to non-socially
anxious individuals, in order to detect a possibly divergent activity pattern in SAD
compared to healthy controls. Such approaches would contribute to extending our
understanding of underlying mechanisms and to disentangling neuronal correlates
associated with a potentially elevated stress reactivity that is also reflected on the
endocrine level and in an exaggerated response to social cues. Moreover, it
would be of interest to explore whether changes on the epigenetic level may ac-
count for some of these differences. For example, adverse developmental experi-
ence has been associated with hypermethylation of the promoter region of the
glucocorticoid receptor gene, which in turn facilitates heightened stress sensitivity
and dysregulation of the HPA axis (for reviews, see Heim & Nemeroff, 2001;
Meyer-Lindenberg & Tost, 2012). For social anxiety, indications in this regard
come from a study on childhood abuse. Therein, SAD patients with childhood
abuse exhibited increased cortisol reactivity to a stressor compared to patients
without childhood abuse (Elzinga, Spinhoven, Berretty, de Jong, & Roelofs,
2010)*. Similar results have been found for depression (Heim et al., 2000). The
increasing consideration of epigenetic influences like DNA methylation and gene
expression in the research on stress reactivity (e.g. Cole, 2014; Turecki & Mea-
ney, 2016) may help us gain more insight into fundamental physiological charac-
teristics of disorders such as SAD and may contribute to clarifying the divergent
results of the stress reaction in SAD, for example by identification of different sub-

types.

From neuroimaging studies, there is considerable evidence that SAD patients ex-
hibit elevated amygdala reactivity in response to social threat cues (for meta-
analyses, see Bruhl et al., 2014; Etkin & Wager, 2007). However, the amygdala is
a highly heterogeneous structure. A popular approach in fMRI studies on the neu-

ral correlates of mental disorders is the definition of regions of interest (ROI),

* Study is not additionally included in the overview in chapter 4.9, as the sample
was part of the larger study by Roeloefs and colleagues (2009).
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whereby most studies define the amygdala as a single ROI. Ventral areas like the
amygdala and adjacent regions are especially prone to artefacts due to their prox-
imity to the pharynx. A more differentiated picture of the involvement of the indi-
vidual nuclei and the extended amygdala in SAD specific stress processing is
needed, in order to differentiate which subregions of the amygdala and their
pathways are overactive under stress and whether they are directly involved in
HPA-axis functioning. This view of a more complex relation between amygdalar
activation and stress processing is in line with a recent study on socio-emotional
threat processing in SAD (Ziv, Goldin, Jazaieri, Hahn, & Gross, 2013). The study
found similar reactivity in amygdala and insula in SAD compared to healthy indi-
viduals in three different tasks, despite highly increased subjective stress
measures. The same pattern of comparable activity has been reported by other
studies (Doehrmann et al., 2013; Nakao et al., 2011; Quadflieg, Mohr, Mentzel,
Miltner, & Straube, 2008). Regarding future studies, the combined investigation of
endocrine stress markers and brain imaging in response to stress induction could
contribute to elucidating the physiological processes of the stress reaction in
SAD. To date, there are few studies engaging in such multilevel approaches. Ac-
cordingly, Ahs and colleagues (Ahs, Sollers, Furmark, Fredrikson, & Thayer,
2009) found positive correlations of salivary cortisol with activity in the hypothal-
amus but not with the amygdala in SAD. Moreover, improved spatial resolution of
very high-resolution fMRI and connectivity-based approaches, like diffusion tensor
imaging, might enable more fine-tuned detection of activity in SAD-related struc-
tures (Sladky et al., 2015; Solano-Castiella et al., 2010; Ugurbil, 2016), thereby
disentangling subregions relevant for the subjective and physiological stress reac-

tions.

Furthermore, future studies are needed to further examine the role of the oxytocin
system in SAD to reveal if secretion and/or functioning are altered and whether
prolonged treatment of SAD with adjunct oxytocin improves social interaction be-
havior and facilitates seeking of social support (Heinrichs & Domes, 2008; Neu-
mann & Slattery, 2016; van Honk et al., 2015).

Orienting towards others in times of stress constitutes a potent coping mechanism
to reduce stress via closeness to other human beings. This kind of stress reduc-

tion is available and achievable in many situations. If this mechanism does not
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work, a crucial option to reduce adverse repercussions of stress in everyday life is
missing, thereby increasing risk for stress-related diseases such as hypertension,
type-2 diabetes mellitus or psychiatric disorders like anxiety and depression
(Chrousos, 2009; McEwen & Stellar, 1993). Moreover, how we deal with stress
does not affect us solely on the individual level. Rather, due to its social dimen-
sions there are multiple consequences for social interactions and, eventually, for
society as a whole. Whether individuals show withdrawing, aggressive and violent
behavior or act prosocial in response to stress makes an enormous difference for
communal life. With a better understanding of what environmental and personal
conditions facilitate an affiliative, prosocial attitude in response to stress, corre-
sponding innovations in the structure of society (for instance, in educational sys-
tems or with regards to socioeconomic status) become possible. The study pre-
sented in this thesis makes a first contribution to this understanding by suggesting
facilitated affiliative behavior through the promotion of empathic abilities as a form

of treatment.

The scope of the present thesis goes beyond social anxiety disorder. In particular,
the finding that cognitive empathy can function as a buffer against social with-
drawal under stress, here shown on the basis of SAD, might not be restricted
solely to this disorder; indeed, it may be of relevance to other disorders associat-
ed with social impairments, including autism (e.g. Baron-Cohen, 2000; Bons et
al., 2013; Dziobek et al., 2007), borderline personality disorder (e.g. Dinsdale &
Crespi, 2013; Domes, Schulze, & Herpertz, 2009; Jeung & Herpertz, 2014) or
even little noticed disorders like body dysmorphic disorder (Buhlmann, Gleiss,
Rupf, Zschenderlein, & Kathmann, 2011). Accordingly, the research on transdiag-
nostic factors has gained much attention in recent years, specifically with devel-
opment of the Research Domain Criteria (RDoC) project (Insel et al., 2010). This
approach abandons a nosology that views diagnostic conceptualizations as actual
disorder entities and induces researchers to find the underlying neural, genetic
etc. correlates (Kozak & Cuthbert, 2016). Rather, the new approach focuses on
dimensional constructs, integrating findings from psychological and biological re-
search, leading towards an empirically based understanding of fundamental
mechanisms and their anomalies and associated symptoms. Major aspects of the

current RDoC matrix relevant to social anxiety are the construct Potential Threat
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(“Anxiety”) and the domain Social Processes (“NIMH » Research Domain Criteria
(RDoC),” n.d.). In this regard, the present investigation of individual empathic abil-
ities fits in nicely in the RDoC sub-construct Understanding Mental States of the
domain Social Processes. Therefore, large sample based studies are warranted
that encompass a multimodal investigation of the stress reaction and an assess-
ment of social cognitive abilities and social interaction, using behavioral, hormo-
nal, as well as neural and genetic approaches. With such a translational focus on
our behavior, its underlying biological processes and how behavior adapts to
stress, research may portray associated psychopathology more accurately and
eventually enable the development of individually tailored and thus more efficient

treatment approaches.
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