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“We use our emotions. In their essence, they are simply part of the goodness of being alive,
but instead of letting them be, we take them and use them to regain our ground. We use them
to try to make everything secure and predictable and real again, to fool ourselves about
what’s really true. We could just sit with the emotional energy and let it pass. There’s no
particular need to spread blame and self-justification. Instead, we throw kerosene on the

emotion so it will feel more real.”

- Pema Chodron, When Things Fall Apart-
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Introduction

1 INTRODUCTION

The term ‘interoception’ refers to one of the most basic human experiences — feeling and
perceiving our own body (Ceunen et al., 2016; Craig, 2003). It comprises the brain-body
communication and several models have emphasized the role of dysfunctional interoception in
somatic and psychiatric disorders (Bonaz et al., 2021; Khalsa et al., 2018). Inflammatory bowel
disease (IBD) is a chronic inflammatory condition characterized by considerable emotional and
social burdens for the affected individuals (Neuendorfet al., 2016). As the course of the disease
includes alternating periods of relapse and remission, patients with IBD tend to monitor their
body signals in order to notice early signs of worsening disease symptoms (Phillips et al., 2014).
In addition, IBD has been associated with altered processing of sensory information and

disturbed brain-body signaling (Bonaz & Bernstein, 2013; Mawdsley & Rampton, 2006).

One factor potentially contributing to an impaired psychological well-being during the
course of IBD is poor emotional functioning (Agostini et al., 2011; Banovic et al., 2020;
Wilkinson et al., 2019). It is generally agreed upon the primary role of interoceptive signals for
the conscious experience of emotions (Craig, 2002; Damasio, 2001; James, 1994), and a
significant body of evidence demonstrated a link between interoception and emotion perception
(Garfinkel et al., 2014; Wiens, 2005; Zamariola et al., 2019). Thus, disturbances in how
individuals perceive and appraise their bodily sensations can result in emotional dysfunctions.
Beyond its impact on emotion perception, interoception also plays a crucial role in how
individuals perceive their bodies (Craig, 2003), how satisfied they are with their body
appearance (Duschek et al., 2015; Todd et al., 2020), and to what extent individuals experience
their bodies as belonging to themselves (Crucianelli et al., 2018; Tsakiris et al., 2011). While
some previous studies have indicated disturbances in patients’ body ownership and body
evaluation in immune-mediated diseases (Beese et al., 2019; Finotti & Costantini, 2016),
evidence regarding the role of interoception in these facets of body perception in IBD is

missing.

This dissertation is aimed at contributing to a better understanding of the complex
interplay of interoception, emotional functioning, and body perception in IBD. In Chapter 1 of
this thesis, I will provide the theoretical background, including a brief overview of the primary
characteristics of IBD, followed by definitions and dimensions of interoception. Then, I will
discuss how interoception is linked to emotion and body perception, especially with respect to

IBD. At the end of Chapter 1, the four main research questions investigated in this thesis will
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be introduced, followed by the empirical findings in Chapter 2. Finally, in Chapter 3, results
will be discussed and integrated, examining their implications for future research on

interoception in IBD.

1.1 Inflammatory bowel disease

Inflammatory bowel disease (IBD) is characterized by non-infectious chronic inflammation of
the gastrointestinal tract which can affect any age group, leading to considerable societal and
economic burden (Alatab et al., 2020). Primarily, IBD includes two types: Crohn’s disease (CD)
and Ulcerative colitis (UC). While CD can affect the entire gastrointestinal tract, UC affects the
large intestine tract and is frequently associated with inflammation of the rectum but can also
extend proximally to areas of the colon. Patients with IBD experience abdominal pain, diarrhea,
unwanted weight loss, chronic fatigue, and sometimes extraintestinal manifestations such as
joint or skin problems (Levine & Burakoff, 2011). IBD arises from the interaction between
environmental and genetic factors, resulting in an immunological response of the body and
inflammation in the intestine (Ananthakrishnan et al., 2018; Baumgart & Carding, 2007).
Although the immune-mediated changes in IBD are already well investigated and described,
the underlying triggers responsible for these changes are still unknown. Different incidence
rates of IBD across the world might indicate different genetic backgrounds, however, more
important factors which might trigger the development of IBD seem to be the environmental
ones (Bernstein, 2017). The role of specific environmental factors is still poorly defined, one
candidate being the exposure to adverse childhood experiences (ACE) (Dube et al., 2009;
Fuller-Thomson et al., 2015; Wan et al., 2022).

1.1.1 Inflammatory bowel disease and adverse childhood experiences

Adverse childhood experiences encompass different types of childhood maltreatment,
including physical abuse, sexual abuse, emotional abuse, physical neglect, and emotional
neglect (Herzog & Schmahl, 2018; Klinitzke et al., 2012; McLaughlin et al., 2010). Emerging
evidence suggests that experiences of childhood adversity is also associated with elevated levels
of inflammation, a greater immune reactivity to stress and an increased risk of disease with
inflammatory origin such as IBD in adulthood (Danese & Lewis, 2017; Danese et al., 2009;
Dube et al., 2009; Osborn & Widom, 2020). One cohort study investigating the link between

histories of childhood maltreatment and an IBD diagnosis in adulthood indicated that around



Introduction

70 % of the examined CD patients reported a history of ACE (Ryan et al., 2013). Another
population-based study showed that the prevalence of early life adversities was significantly
higher in patients with UC compared to those with CD: around 26 % of the UC patients and 7
% of the CD experienced physical abuse during their childhood, compared to a 10 % prevalence
among healthy control participants (Fuller-Thomson et al., 2015). Beyond physical abuse,
histories of sexual abuse have also been frequently reported by IBD patients with a prevalence
of 22 % (Drossman et al., 1990; Fuller-Thomson et al., 2015). Overall, the prevalence of at least
one type of ACE in IBD patients is found to be above 60 % (Wan et al., 2022; Witges et al.,
2019).

Although no causality should be inferred based on cross-sectional data, some possible
mechanisms for this association have been discussed in the literature. Chronic exposure to early
life stress has been repeatedly associated with a dysregulation of the hypothalamic-pituitary
adrenal (HPA) axis, responsible for the cortisol release in response to stress (Dempster et al.,
2020; Hertzman, 1999; Herzog & Schmahl, 2018; McLaughlin et al., 2015). Recent findings
from animal studies support the assumption that a history of ACE increases the likelihood of
experiencing a relapse from a quiescent IBD and has been identified as a risk factor for the
development of IBD (Mawdsley & Rampton, 2005; Mawdsley & Rampton, 2006; Reber,
2012). However, with respect to the underlying neuroendocrine mechanisms, only little is
known from human studies. Some evidence suggested hypercortisolism among patients with
IBD, indicating that in this immune-mediated condition, the body fails to produce the adequate
levels of cortisol (Mawdsley & Rampton, 2006; Mayer, 2000). As cortisol normally prevents
the release of substances causing inflammation such as cytokines (e.g., IL-12, TNF- «), the
prolonged lack of sufficient levels of anti-inflammatory glucocorticoids might favor the
development of mucosal inflammation (Reber, 2012; Straub et al., 2002). Thus, alterations in
the physiological stress response resulting from exposure to early life stress may represent one

pathway through which a history of ACE contributes to an increased risk of developing IBD.

1.1.2 Inflammatory bowel disease and emotion processing

A significant body of literature has suggested a potential role of chronic inflammation in the
pathophysiology of depression and anxiety disorders (Kohler et al., 2016; Leonard & Maes,
2012; Moylan et al., 2013; Vogelzangs et al., 2013). In case of IBD, the association between

inflammation and mental disorders seems to be bidirectional: IBD patients reporting stronger
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anxiety symptoms experience a relapse more often, while patients with more severe disease
activity more often develop anxiety disorders (Gracie et al., 2018). One factor potentially
contributing to the development and maintenance of psychopathological symptoms in IBD is
poor emotional functioning (Wilkinson et al., 2019). Although more recent findings have
strongly emphasized the important role of emotion processing for patients’ mental well-being
and quality of life (Banovic et al., 2020; Engel et al., 2021; Wilkinson et al., 2019), there is still

little evidence about the mechanisms underlying altered emotion perception in IBD.

Most of the available studies on emotional experience in IBD have pointed towards the
presence of emotional dysfunctions characterized by decreased sensitivity to positive emotional
cues (Agostini et al., 2011; Wilkinson et al., 2019) and increased sensitivity to negative
emotions (Vianna et al., 2006). Agostini et al. (2011) demonstrated a reduced activation within
the limbic system in response to positive emotional stimuli in patients with UC, suggesting a
decreased ability to perceive positive emotions such as happiness or joy. More recent findings
found empirical support for an emotion recognition bias towards positive emotional stimuli
among IBD patients, showing also its overreaching negative impact on patients’ psychological
well-being (Wilkinson et al., 2019). For a long time, IBD has been associated with alexithymia,
that is, the inability to differentiate, recognize, and express emotions (Sifneos, 1996; Taylor &
Bagby, 2000). A recent review revealed that while IBD patients show more alexithymic features
than healthy individuals, these cannot be considered as clinically significant (Martino et al.,
2020). Nevertheless, the failure to recognize emotional percepts is thought to promote
vulnerability to stress and impaired psychological well-being in IBD (La Barbera et al., 2017;
Vigano et al., 2018; Yanartas et al., 2019).

Although contemporary findings point towards the high prevalence of ACE in IBD
populations, no study has investigated whether childhood maltreatment may promote emotional
dysfunctions in this patient group. Previous empirical evidence has indicated that early
traumatized individuals show increased responsiveness to negative and threatening emotional
cues (Dannlowski et al., 2012; Grant et al., 2011; Hein & Monk, 2017; Puetz et al., 2020).
Moreover, individuals with a history of ACE exhibit persistent attention and perception biases
characterized by higher sensitivity to threatening cues in emotionally ambiguous stimuli
(Dannlowski et al., 2013; Pollak et al., 2000; Pollak & Sinha, 2002), a faster detection of
negative emotional content (Iffland & Neuner, 2020) and an impaired recognition accuracy for

positive affective stimuli (Young & Widom, 2014). Thus, it is conceivable that IBD patients
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reporting histories of ACE may be more prone to poorer emotional functioning including
increased emotional reactivity to negative emotions and difficulties with perceiving positive

emotions.

1.2 Interoception: the sense of the physiological condition of the body

Interoception refers to the signaling and perception of internal bodily sensations (Garfinkel et
al., 2015). Interoceptive signals arise from distinct biological system in the body including the
cardiovascular (Oppenheimer & Cechetto, 2016), pulmonary (von Leupoldt et al., 2013),
gastrointestinal (Mayer, 2011), genitourinary (Drake et al., 2010), nociceptive (Simons et al.,
2014), thermoregulatory (Fealey, 2013), immune (Capuron & Miller, 2011), and the autonomic
systems (Critchley & Harrison, 2013).

The neurophysiological term ‘interoception’ was first introduced by Sherrington in
1906 and aimed to describe the sensory input from receptors located inside the body
(Sherrington, 1906). Neuroanatomic works from the same time period postulated the existence
of two categories of neurons in the spinal cord and the brain stem: ‘visceral’ and ‘somatic’
neurons (Sherrington, 1952). However, empirical research failed to distinguish the determining
features of these two categories in the brain and thus, for many years the term interoception
referred simply to the visceral sensory input, i.e. the transmission of sensory afferent signals
from the internal organs to the brain (Cameron & Minoshima, 2002; Strigo & Craig, 2016).
Newer findings on the functional anatomy of the nervous system led to the suggestion that
interoception has to be redefined as “the physiological condition of the entire body, and not
just the viscera” (Craig, 2002). According to this newer and more inclusive definition, pain,
thermal, and visceral sensations are all senses originating from the body tissue and are crucial
to the maintenance of the body’s homeostasis (Craig, 2003). Further definitions of interoception
include also the perception of internal body states such as hunger or thirst (Khalsa et al., 2009),
the influence of visceral sensations on brain functioning and behavior (Critchley & Harrison,
2013) and the integration of autonomic, hormonal, visceral, and immunological homeostatic
signals (Barrett & Simmons, 2015; Ceunen et al., 2016). Although there is still no complete
agreement on the exact definition, the focus has moved away from referring only to the
transmission and processing of afferent signals in the body to a broader definition of the
construct of interoception including the processes by which an individual interprets and

regulates signals originating from the body (Garfinkel et al., 2015).
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1.2.1 Dimensions of interoception and their assessment

Individuals differ in their ability to detect and be aware of their bodily sensations and thus,
measuring these features is complex. The long-lasting debates regarding the accurate definition
of interoception have resulted in significant inconsistencies in terms of the terminology to
describe the different facets of interoception and their assessment. In the past, the terms
interoceptive sensitivity and interoceptive awareness have often been used interchangeably to
refer to the extent to which people are aware of their bodily signals, regardless of whether the
accuracy of these judgments was measured with a behavioral task or a self-report questionnaire.
As these measures are clearly very different, a consistent terminology was needed in the field
of interoceptive research. To address this issue, a three-dimensional construct of interoception
has been proposed by Garfinkel and colleagues, distinguishing between the objective,
subjective, and metacognitive aspects of interoceptive perception (Garfinkel et al., 2015). In
this thesis, I will adopt the terminology proposed in Garfinkel’s framework and use the terms
of interoceptive accuracy (IAcc), interoceptive sensibility (IS) and interoceptive awareness

(IAw) to refer to the psychological dimensions of interoceptive processing described below.

Interoceptive accuracy (IAcc)

The first dimension of Garfinkel’s model is called Interoceptive Accuracy (IAcc) and
it refers to the objective measure of interoception. It is a multimodal construct and thus, it can
be investigated in different interoceptive channels (e.g., cardiovascular, respiratory). The
cardiac interoceptive channel is the easiest to measure and therefore, has been a classic way to
assess one’s objective interoceptive abilities for long time using experimental procedures such
as the heartbeat tracking task (Schandry, 1981). In this task, participants are asked to count the
number of heartbeats in intervals of varying duration while an ECG is recorded, allowing the
quantification of participant’s accuracy in detecting their heartbeats. As the field of
interoception has grown rapidly and various interoceptive tasks have been developed, some
authors have suggested that the ability to perceive body signals originating from one particular
interoceptive system (e.g., cardiovascular) should be similar across the different interoceptive
channels (Garfinkel et al., 2016), although some recent studies ague against this generalizability

of IAcc (Ferentzi et al., 2018; Herbert et al., 2012a).
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Interoceptive sensibility (IS)

The second dimension of interoception, Interoceptive Sensibility (IS), refers to the
self-perceived tendency to be aware of one’s bodily sensations (e.g., muscle tension, pounding
heart). IS represents individual’s beliefs in their interoceptive abilities and the extent to which
they feel engaged by their body signals (Garfinkel et al., 2015). Self-report questionnaires
constitute one approach to quantify participant’s IS. As the interest in interoception has grown
in recent years and a measure assessing all different facets of IS was needed, Mehling and
colleagues developed the Multidimensional Assessment of Interoceptive Awareness (MAIA;
Mehling et al. (2012)). In contrast to previous self-report measures of IS (Mehling et al., 2009;
Porges, 1993), MAIA aims to differentiate between functional and dysfunctional aspects of IS
by assessing how bodily sensations are used and responded to. The 32-item questionnaire
comprises eight facets of IS: Noticing, Distraction, Worrying, Attention regulation, Emotional
awareness, Self-regulation, Body listening, and Body trusting. The dimension Noticing reflects
individual’s self-reported awareness of their body signals, such as their heartbeats. The
remaining seven dimensions refer to regulatory aspects of IS, that is, how the bodily sensations
are used to regulate psychological distress (Self-regulation, Attention regulation), to gain
insight about perceived emotions (Emotional awareness) and how bodily sensations are

responded to (Distraction, Worrying).

Interoceptive awareness (IAw)

Finally, Interoceptive Awareness (IAw) represents the third dimension of
interoception and refers to the individual’s metacognitive awareness of their interoceptive
abilities (Garfinkel et al., 2015; Murphy et al., 2019). [Aw captures the correspondence between
IAcc, as measured with a behavioral task (e.g., heartbeat tracking task), and IS, as measured
via self-reports (e.g., questionnaires). Higher levels of [Aw indicate a greater meta-awareness
of an individual to know whether they are accurately or inaccurately assessing their body

signals.
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Table 1. The three dimensions of interoception as described by Garfinkel et al. (2015)

Interoceptive Interoceptive Interoceptive
accuracy (IAcc) sensibility (IS) awareness (Iaw)
Definition Individual’s Self-perceived Metacognitive
objective accuracy in tendency to be awareness of one’s
detecting internal internally self- interoceptive
bodily sensations focused and aware abilities. Knowing
(e.g., heart beats) of one’s internal whether one detects
sensations his/her sensations
accurately or
inaccurately
Assessment via objective via subjective self- Association between
performance tests of  report measures one’s objective
interoceptive performance (Iacc)
accuracy task, and one’s beliefs
regarding the
accuracy of this
performance (IS)
Example e.g., heartbeat e.g., questionnaires  e.g., correlations

tracking task,
heartbeat

discrimination task

(MAIA), confidence
ratings during the
heartbeat tracking
task

between accuracy
and
confidence/general
beliefs about one’s

performance

IAcc, interoceptive accuracy; IS, interoceptive sensibility; [Aw, interoceptive awareness;

MAIA, Multidimensional Assessment of Interoceptive Awareness.

10
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1.2.2 Interoception & emotion processing

The idea that bodily signals are a core component of emotional experience dates to the work of
James and Lange who postulated that emotional states originate from the physiological
responses in the body (James, 1994; Lange, 1885). According to their theory, emotional cues
automatically evoke physiological reactions in the body without the individual necessarily
being consciously aware of these bodily changes. Different emotional states are therefore
associated with distinct physiological sensations and the intensity of one’s emotional
experience is strongly linked to the ability to detect these changes accurately (Ehlers et al.,
1988; James, 1994). Over the course of the twentieth century, this theory has been criticized for
reducing emotions only to the processing of afferent signals and ignoring other important
factors such as individual’s cognitions. As Cannon (1927) demonstrated that there is a general
activation of the sympathetic nervous system across multiple emotional categories, no
physiological system has been found to be complex enough to account for the experience of the
different emotions. Since then, an ongoing debate took place in the field of psychological
research regarding the exact relationship between bodily sensations and emotion perception
(Two-factor theory of emotion, Schachter and Singer (1962); Appraisal theory of emotion,
Lazarus (1991); The somatic marker hypothesis, Damasio et al. (1996); Theory of constructed
emotion, Barrett (2017); A higher-order theory of emotional consciousness, LeDoux and

Brown (2017)).

In recent years, a significant body of evidence has demonstrated a link between
interoceptive and emotional processing (Barrett et al., 2004; Craig, 2009; Fiistos et al., 2013;
Garfinkel et al., 2014; Wiens, 2005; Zamariola et al., 2019). Several studies have investigated
how the different interoceptive dimensions (IAcc, IS, IAw; see Section 1.2.1) influence the
emotional experience suggesting that individuals with higher IAcc report a more intense
emotional experience (Pollatos et al., 2007b), put greater emphasis on the arousal component
of these experiences (Barrett et al., 2004; Herbert et al., 2007; Pollatos et al., 2005b), and
exhibit a superior ability to recognize their own emotional states (Herbert et al., 2011; Schaan
et al., 2019a). While less is known about the link between the remaining interoceptive
dimensions and emotion processing, some evidence has indicated higher IS to be associated
with a better emotion identification of one’s own emotional state and more adaptive emotion

regulation strategies (Schuette et al., 2020). Overall, these findings support the hypothesis that

11
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interoception underlies emotional experience as proposed in the abovementioned theories of

emotion (Craig, 2004, 2009; Damasio, 2001).

Numerous studies investigating the link between body signals and emotion perception
have only focused on objective physiological markers such as heart rate. However, these have
been shown to be only moderately associated with the actual emotional experience of an
individual (Mauss et al., 2005). Thus, it has been suggested that it might be more reasonable to
additionally examine the subjective experience of one’s bodily sensations during emotional
states (e.g., “I can feel my heart pounding when I’m afraid”) (Mauss & Robinson, 2009). In
accordance with this suggestion, Nummenmaa and colleagues introduced an innovative method
to assess this by so-called “bodily maps of emotion” (Nummenmaa et al., 2014). In their
original study, participants were shown two blank body silhouettes and were asked to paint the
parts of the body where they perceived an increase or decrease of activation when experiencing
an emotion (e.g., happiness). This was the first study to prove that there are, indeed, distinct
patterns of subjectively perceived sensations in the body when individuals experience certain
emotions. For example, the experience of anger, fear, happiness and surprise was associated
with an increased bodily activation in the upper chest area and the upper limbs, while sadness
was related to a decreased activation in the limbs (Nummenmaa et al., 2014). Based on these
findings, it has been assumed that specific combinations of somatosensory and visceral afferent
inputs may result in the conscious experience of emotion. This interpretation supports the idea
that emotions originate from the integration of interoceptive cues and their representation in the

somatosensory system (Critchley, 2005; Critchley et al., 2004).

1.2.3 Interoception, body ownership and body evaluation

While the number of studies investigating the role of emotional dysfunctions in physical and
mental health is still increasing, less attention has been paid to body image disturbances, namely
the perception, feelings, and cognitions towards the own body. Contemporary findings have
suggested two facets of body perception to be of particular importance for individual’s well-
being, that is, the sense of body ownership and a positive body evaluation. Moreover, the
current literature emphasizes that interoception affects a wide range of fundamental bodily

experiences including body ownership and body evaluation (Badoud & Tsakiris, 2017).

12
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The sense that this body is “my own” emerges from the multisensory integration of
interoceptive and exteroceptive cues (Tsakiris et al., 2011). Several studies have demonstrated
that interindividual differences in [Acc modulate the experience of one’s body as own, with
higher [Acc being associated with stronger sense of body ownership (Crucianelli et al., 2018;
Suzuki et al., 2013; Tsakiris et al., 2011). Beyond the role of one’s objective ability to detect
their bodily sensations (IAcc), recent evidence suggests that greater IAw is also linked to the
enhanced experience of the body as own (Bekrater-Bodmann et al., 2020). By contrast, less
attention has been paid to the link between interoception and other aspects of the bodily
experience such as body evaluation. Body evaluation is seen as one component of body image
that comprises evaluative thoughts and feelings individuals have about their body (Gallagher,
2000). With respect to the role of interoceptive processing in how positive or negative
individuals experience their bodies, evidence has revealed that individuals exhibiting higher
cardiac IAcc tend to report significantly higher levels of body satisfaction (Emanuelsen et al.,
2015). In line with these findings, further studies have indicated that not only superior cardiac
interoception but also higher gastric IAcc is associated with more positive attitudes towards
one’s own body (Duschek et al., 2015; Todd et al., 2020; Zamariola et al., 2017). Recently,
more attention has been directed to the remaining dimensions of interoception, demonstrating
a similar relationship between IS and body evaluation: higher IS has been linked to stronger
body appreciation and body pride in young healthy individuals (Todd et al., 2019a; Todd et al.,
2019b). Taken together, the currently improving understanding of the interplay between
interoception and bodily experiences can provide substantial clinical implications with respect
to somatic and mental health disorders which have been associated with disturbances in body

ownership and body evaluation (Badoud & Tsakiris, 2017).

Disturbances in bodily experiences, including a diminished sense of ownership and a
more negative body evaluation, have been repeatedly observed in various mental disorders
(Dyer et al., 2013a; Rosenstrom et al., 2013; Scheffers et al., 2018). One common factor, found
to negatively affect individuals’ body perception across different psychopathologies is a history
of childhood maltreatment. Early traumatized individuals report diminished sense of ownership
(Loffler et al., 2020; Rabellino et al., 2018), higher body dissatisfaction (Scheffers et al.,
2017a), lower body-related esteem (Wenninger & Heiman, 1998), and more negative body
attitudes (Borgmann et al., 2014; Dyer et al., 2013a). As childhood maltreatment takes place
during critical developmental periods, experiences of abuse and neglect can lead to the

disturbed perception of one’s physical boundaries (Scheffers et al., 2017a; Straus, 1988),

13



Introduction

threatened physical integrity (Sack et al., 2010), and rejection of the body (Van der Kolk, 2014).
This impaired perception of one’s own body can lead to feelings of detachment, contributing to
the development of dissociative symptoms and difficulties to perceive body’s inner sensations
(Schaan et al., 2019b; Schmitz et al., 2021). Such disturbances may contribute to an altered
sense of body ownership and lower body satisfaction in individuals reporting history of ACE.
As contemporary findings indicated higher prevalence of childhood maltreatment in patients
with immune-mediated diseases, and in particular in IBD (Wan et al., 2022), one should

consider ACE as a risk factor for developing body perception disturbances in IBD populations.

1.2.4 Interoception & adverse childhood experiences

Childhood adversity has been repeatedly associated with an increased risk of mental and
physical health problems in adulthood (Copeland et al., 2018; Wan et al., 2022). Although
disturbances in interoception have been proposed as determinants of psychopathology and
poorer psychological well-being in several clinical conditions (Khalsa et al., 2018; Khalsa &
Lapidus, 2016), little is known about the role of interoception in the link between ACE and

mental and somatic disorders.

So far, studies on the relationship between childhood maltreatment and interoception
have demonstrated that individuals reporting a history of ACE tend to suppress and deny their
bodily sensations during situations perceived as threatening (Schimmenti, 2018; Schulz et al.,
2021; Terock et al., 2016). Moreover, contemporary evidence indicates that childhood
maltreatment is associated with altered interoceptive processing during stress, as early
traumatized individuals show decreased levels of IAcc after the exposure to an acute stressor
(Schaan et al., 2019b). These findings can be interpreted based on the psychophysiological
mechanisms underlying the effects of ACE on body perception (Dempster et al., 2020). As
brain-body communication is mediated through the HPA axis and the autonomic nervous
system (ANS), disturbances of these can affect the functioning of the sensory system (Bonaz &
Bernstein, 2013; Mayer, 2011), promoting alterations in how body signals are perceived and
responded to. Therefore, impairments in the physiological stress response, resulting from
exposure to early life adversity, might contribute to the development of a disturbed brain-body
communication, altered afferent signaling, and thus, to altered interoceptive processing as well

(Dempster et al., 2020; Schaan et al., 2019b; Schulz & Vogele, 2015).
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1.3 Inflammatory bowel disease and interoception

1.3.1 The multidimensional model of interoception in inflammatory bowel disease

To date, there is only little evidence with respect to interoception in patients with
gastrointestinal disorders (Fournier et al., 2020; Gajdos et al., 2020; Longarzo et al., 2017). The
only study examining interoceptive abilities in IBD, so far, demonstrated that compared to
healthy individuals, patients with IBD report greater difficulties to understand their physical
sensations, indicating inferior IS (Fournier et al., 2020). However, the self-report measure used
to assess patients’ interoceptive abilities comprised only two items from the Toronto
Alexithymia Scale (Taylor et al., 2003) and thus, these findings have to be interpreted
cautiously. In addition, evidence suggests that the continuous release of inflammatory
mediators (e.g., cytokines) during periods of gastrointestinal inflammation can induce a
sensitization of peripheral afferent nerves and promote the development of visceral
hypersensitivity in IBD (Ceuleers et al., 2016). Visceral hypersensitivity refers to the increased
perception of visceral signals from the gastrointestinal tract and thus, amplifies patients’
sensitivity to those (Rubio et al., 2016). Furthermore, the observed alterations in the processing
of sensory input in IBD has been accompanied by structural and functional changes in the brain
regions involved in the processing of interoceptive signals (e.g., insular cortex, somatosensory
cortex) (Agostini et al., 2017; Hong et al., 2014; Thomann et al., 2019). Hence, one may
speculate that the prolonged exposure to abdominal pain symptoms and stronger visceral
sensations in IBD, being associated with altered perception of body signals on neural level,
might affect how patients perceive and evaluate their bodily sensations in general. However,
experimental studies examining interoception as a multidimensional construct entailing [Acc,

IS, and IAw are missing in IBD populations.

1.3.2 Interoception and emotion processing in inflammatory bowel disease

In IBD, biological and emotional factors interact trough the brain-gut axis, as brain regions
from the limbic system (e.g., amygdala) communicate with the intrinsic neural network of the
gastrointestinal tract (enteric nervous system, ENS) via the sympathetic and parasympathetic
nerves (Mayer et al., 2006). There is a significant body of evidence supporting bidirectionality
of interactions between the CNS and ENS, showing that emotional states influence the
functioning of the gastrointestinal tract and vice versa (Bernstein, 2017; Mayer, 2011; Mayer

et al., 2014; Tillisch et al., 2017). Therefore, it is conceivable that in IBD, interoceptive and
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emotional processing interact with each other and alterations in the perception and appraisal of
bodily sensations could promote emotional dysfunctions in this patient group (Agostini et al.,
2011; Mayer et al., 2006). A study by Vianna and colleagues (2006) provided first insights into
the interplay of visceral and emotion processing in IBD, demonstrating a strong association
between patient’s visceral response and the subjectively perceived arousal evoked by emotional

stimuli.

Interoception and emotion share common neurobiological underpinnings (Critchley &
Garfinkel, 2017) and several studies pointed towards the detrimental effects of childhood
maltreatment on the emotional functioning (see Section 1.1.2) (Bérubé¢ et al., 2021) and brain-
body signaling in adulthood (see Section 1.2.4) (Coley et al., 2021; Schaan et al., 2019b). Thus,
one may hypothesize that a history of ACE might promote the development of emotional
dysfunctions through perturbations in the interoceptive processing. Here again, despite the high
prevalence of ACE found in IBD samples (Fuller-Thomson et al., 2015; Ryan et al., 2013;
Witges et al., 2019), no study has investigated early adversity as modulating factor of the

interplay of interoception and emotion perception in IBD yet.

1.3.3 Interoception, body ownership and body evaluation in inflammatory bowel disease

Some recent findings have pointed towards the important role of the gastrointestinal
interoceptive channel for the intact development of bodily self-consciousness (Azzalini et al.,
2019; Monti et al., 2021), that is, the current experience of a body as one’s own. As there is
strong evidence that the brain-gut axis contributes to the homeostatic maintenance, altered
interoceptive signals from the gastrointestinal system can affect the way how patients with IBD
experience their bodies (Rebollo et al., 2018). In healthy individuals, altered stomach
temperature and altered pH of the large intestine has been linked to an increased recognition of
a virtual body as one’s own with this association being moderated by individual’s interoceptive
abilities (Monti et al., 2021). Although only preliminary, these are the first results pointing
towards the significant link between altered gastric sensations and the sense of body ownership.
Changed gut signals and an amplified perception of these, as observed among patients with
gastrointestinal disorders (Gajdos et al., 2020), may contribute to an enhanced sense that “this

body belongs to me” and “it is my body experiencing these symptoms”.

16



Introduction

Another potentially overlooked issue in patients with IBD is their vulnerability to more
negative body evaluations (Cushman et al., 2021; Saha et al., 2015). The severe disease
symptoms, medication and surgical treatments in IBD can vastly affect patient’s perception and
evaluation of their bodies (McDermott et al., 2015; Saha et al., 2015). For example, patients
with IBD may experience their bodies in a more negative way due to an unwanted weight loss,
abdominal pain or extraintestinal manifestations of IBD. A lower body satisfaction and more
negative attitudes about one’s body can have detrimental effects on patient’s mental well-being,
as these have been previously associated with increased levels of depression and anxiety and
lower self-esteem in IBD populations (Claytor et al., 2020; McDermott et al., 2015; Wertheim
& Paxton, 2011). Beyond the crucial impact of disease-specific symptoms on how patients with
IBD experience their bodies, one should consider interoception as another factor potentially
associated with body evaluation in IBD (see Section 1.2.3). Recent findings suggest that the
perception of visceral signals from the gastrointestinal system is not only linked to the sense of
ownership but to body evaluation as well: Individuals who tend to detect changes in their
gastrointestinal sensations more accurately report more positive attitudes towards the own body
as well as greater body appreciation (Todd et al., 2020). Since gastrointestinal pathologies have
been associated with changed perception and appraisal of visceral sensations (Gajdos et al.,
2020; Icenhour et al., 2017; Rubio et al., 2014), it can be hypothesized that altered interoception
may crucially affect body evaluation in IBD. However, empirical evidence of this relationship

in patients with IBD is missing.

Finally, another risk factor which can potentially predispose IBD patients to more severe
disturbances in their bodily experiences is a history of ACE. As described in section 1.2.3,
childhood maltreatment can have detrimental effects on how individuals perceive their bodies,
especially with respect to body ownership and body evaluation (Dyer et al., 2013b; Loffler et
al., 2020). Since ACE can lead to dysregulations of the physiological stress response and thus,
resulting in an impaired brain-body signaling, it can be speculated that alterations in how body
signals are perceived and responded to may affect the different dimensions of bodily

experiences which have been previously associated with interoceptive processing.

17



Introduction

1.4 Research Questions

The research findings highlighted above speak to the strong involvement of interoception in
multiple domains of emotion and body perception. Emotional dysfunctions in IBD can affect
patients’ coping with their disease and thus, their mental and physical well-being as well. In
overall four research questions (RQ), we investigated the links between the multidimensional
construct of interoception, emotion perception, body ownership and body evaluation in 41 IBD
patients and 44 healthy participants. In three separate RQs, we examined whether altered
emotion processing in IBD is associated with changes in the different dimensions of
interoception. In RQ I, we investigated whether patients with IBD demonstrate changes in the
three distinct components of interoception (IAcc, IS, I[Aw) and whether these are linked to
altered emotion processing. RQ IT and I1I focused on the perception of bodily sensations during
emotional experience and its links to IS. RQ IV of this thesis examined whether patients with
IBD differ in the way how they perceive their bodies with respect to body ownership and body
evaluation and how IS is associated with changes in body perception. Finally, as a history of
ACE is common in IBD populations, we additionally investigated whether an exposure to
childhood maltreatment modulates the interplay of interoception, emotion, and body

perception.

Interoception underlies emotional experience and an inferior accuracy to detect visceral
signals promotes difficulties in perceiving emotional states, recognizing, and regulating these.
Disturbed interoception has been recognized as an important feature of psychiatric disorders
characterized by poor emotional functioning and history of childhood maltreatment. Empirical
findings and clinical observations have indicated emotional dysfunctions in patients with IBD
characterized by hyposensitivity to positive emotions and enhanced experience of negative
emotions. However, no study has investigated whether and how the different dimensions of
interoception (IAcc, IS, IAw) are associated with these alterations in emotion processing in IBD
yet. Therefore, the questions addressed in RQ I (section 2.1) of this thesis aimed at investigating
the relationship between the multidimensional construct of interoception and emotion
perception in IBD and to examine whether history of ACE modulates the link between these
two:

- Do IBD patients differ in their interoceptive accuracy, interoceptive sensibility, and
interoceptive awareness from healthy individuals?
- Do IBD patients evaluate emotional stimuli differently compared to healthy

individuals?
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- Are alterations in emotional processing linked to changes in patients’ interoceptive
processing?
- Are disturbances in interoception and emotional processing as well as their link

modulated by a history of ACE?

In the next RQs, we broadened our focus from emotion processing of external emotional
cues to the experience of one’s own emotions in the body. By implementing the ‘bodily maps
of emotions’ (Nummenmaa et al., 2014) in RQ II and III, we examined whether IBD patients
experience emotions in their bodies differently compared to healthy participants and whether
IS is linked to the perception of emotion-related bodily sensations. As several findings have
indicated that more interoceptively aware individuals put stronger emphasis on their
subjectively perceived physiological arousal (Herbert et al., 2007; Pollatos et al., 2007a;
Pollatos et al., 2005b), one can hypothesize that individuals who attend to their physical
sensations more strongly may report a more intense emotional experience, reflected by stronger
perception of emotion-related changes in one’s bodily sensations. Since emotion research has
been dominated by two models of emotion, that is the dimensional (Russell, 1980) and the
categorical model (Ekman, 1992), in these two separate RQs we examined how patients with
IBD experience emotions in their bodies according to each of these frameworks. While the
dimensional model of emotion postulates that all emotions are characterized by the two
dimensions of valence (pleasantness) and arousal (intensity), the categorical model assumes the
existence of six basic emotions, that is, happiness, sadness, anger, fear, surprise and disgust. In
RQ II (section 2.2), emotion experience in the body, interoception, and their interrelation
according to the dimensional model of emotion were examined by investigating the following

questions:

- Do IBD patients differ in the perceived intensity of emotion-related bodily sensations
and the topography of these from healthy individuals?
- Is interoceptive sensibility associated with the experience of emotional valence and

arousal in patients with IBD?
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In RQ III (section 2.3), the following questions were investigated based on the categorical

model of emotion:

- Do IBD patients show differences in the intensity and topography of perceived bodily
sensations changes when experiencing the six basic emotions, happiness, sadness,
anger, fear, surprise, and disgust, compared to healthy individuals?

- Is interoceptive sensibility linked to alterations in the emotion-related bodily sensations
in IBD patients?

- Are alterations in the perceived emotion-related bodily sensations associated with

individual’s history of ACE?

Finally, in RQ IV (section 2.4), we investigated whether IBD is associated with
alterations in body ownership and body evaluation. So far, most of the studies have focused on
patient’s body image evaluation, indicating lower levels of body satisfaction (Beese et al., 2019;
Cushman et al., 2021). However, studies on body ownership are missing in IBD populations.
While superior interoceptive abilities have been linked to stronger sense of ownership and more
positive body-related attitudes, histories of childhood maltreatment have been shown to
negatively affect these bodily experiences (see section 1.2.3). Given these findings, in RQ IV,

we investigated the following questions:

- Do IBD patients exhibit altered sense of body ownership and a more negative body
evaluation compared to healthy individuals?

- Do IBD patients experience certain parts of the body as less belonging to themselves?

- Do IBD patients report a more negative evaluation regarding certain body areas?

- Is interoceptive sensibility linked to alterations in body ownership and body evaluation
in IBD?

- Is a history of ACE associated with alterations in body ownership and body evaluation
in IBD and do ACE modulate the link between these bodily experiences and

interoception in IBD?

Hypotheses, study design, procedures, and data analyses of RQ I-IV have been pre-registered

and described in more detail in the sections 2.1-2.4.
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2  EMPIRICAL FINDINGS

2.1 Research Question I | Multidimensional assessment of interoceptive abilities,
emotion processing and the role of early life stress in inflammatory bowel

diseases

An adapted version of this chapter has been published as: Atanasova, K., Lotter, T., Reindl, W.,
& Lis, S. (2021). Multidimensional Assessment of Interoceptive Abilities, Emotion Processing
and the Role of Early Life Stress in Inflammatory Bowel Diseases. Frontiers in Psychiatry,
12(1020). doi:10.3389/fpsyt.2021.680878.

2.1.1 Abstract

Perception of internal bodily sensations includes three dissociable processes: interoceptive
accuracy, interoceptive sensibility, and interoceptive awareness. Interoceptive abilities play a
crucial role in emotion processing and impairments of these processes have been reported in
several psychiatric disorders. Studies investigating interoceptive abilities and their role in
emotional experience in individuals with somatic disorders such as inflammatory bowel
diseases (IBD) are sparse. Recent findings suggested an association between adverse childhood
experiences (ACE) and the development of gastrointestinal disorders. The aim of the current
study was to investigate the associations between the different dimensions of interoception and
emotional processing in IBD while taking ACE into account.

We recruited IBD patients in clinical remission (n=35) and 35 healthy control
participants (HC) matched for age, education, and 1Q. Interoception was measured as a three-
dimensional construct. Interoceptive accuracy was assessed with the heartbeat tracking task and
interoceptive sensibility with a self-report measure (Multidimensional Assessment of
Interoceptive Awareness questionnaire). Emotional processing was measured using an
experimental task, where participants were asked to rate the subjectively perceived valence and
arousal when presented with positive, neutral and negative visual stimuli.

IBD patients significantly differed in two interoceptive sensibility domains, Emotional
awareness and Not-distracting. Patients reported greater awareness of the connection between
bodily sensations and emotional states, while showing a stronger tendency to use distraction
from unpleasant sensations compared with HC. Higher emotional awareness was linked to

higher perceived intensity and arousal of negative stimuli. The strength of this relation was

21



Empirical findings

dependent on the severity of ACE, with severer traumatization being associated with a stronger
association between emotional awareness and perceived valence and arousal.

Our findings suggest that it is the subjective component of interoception, especially the
one assessing interoceptive abilities within the scope of emotional experience, which affects
emotional processing in IBD. This is the first study providing evidence that IBD patients did
not differ in their perception of visceral signals per se but only in the subjective ability to
attribute certain physical sensations to physiological manifestations of emotions. Our findings
support the hypothesis that ACE affect the association between interoception and emotional

processing.

2.1.2 Introduction

Inflammatory bowel diseases (IBD) are immune mediated chronic diseases with a prevalence
of 6.8 million cases globally. The incidence of IBD is continuously rising not only in
industrialized countries of the northern hemisphere but also in developing countries (Alatab et
al., 2020). IBD include primarily Crohn’s disease and Ulcerative colitis, both characterized by
various physical and psychological symptoms such as abdominal pain, diarrhea, unwanted
weight loss, depression, and anxiety (Levine & Burakoff, 2011). The etiology of IBD is
multifactorial including genetic, immune, and environmental factors. While the impact of the
environment on the development of IBD is substantial, the role of specific factors is still poorly
defined, one candidate being early life stress (Ananthakrishnan et al., 2018; Fuller-Thomson et
al., 2015; Wintjens et al., 2019). Newer studies in IBD have suggested alterations in the brain-
body communication, directly influencing the sensory and immune functions of the
gastrointestinal tract (Farrell et al., 2020; Mawdsley & Rampton, 2006; Thomann et al., 2019).
In line, gastrointestinal pathologies have been recently linked to altered interoceptive processes
(Longarzo et al., 2017). Interoception is closely linked to emotional processing (Shah et al.,
2016; Wiens, 2005) and might influence the severity of IBD symptoms and disease course by
increasing the level of stress through an increased sensitivity towards negative emotional
stimuli. So far, studies on changes in interoception and their relation to emotion processing in
IBD are sparse (Vianna et al., 2006). The present study aims to contribute to the better
understanding of these domains of functioning in IBD by investigating interoception as a
multidimensional concept together with changes in emotion processing while taking the

influence of early life stress into account.

Interoception refers to the sense through which bodily changes are signaled and

perceived (Garfinkel et al., 2014). It is conceptualized as a three-dimensional construct,
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comprising interoceptive accuracy (IACC), interoceptive sensibility (IS), and interoceptive
awareness (IAw) (Garfinkel et al., 2015). Interoceptive accuracy refers to the correspondence
between the actual and the perceived bodily signals. In contrast, IS is defined as the subjective
belief to be internally focused and represents the extent to which individuals feel engaged by
interoceptive signals (Garfinkel et al., 2015). IS includes not only individual’s general
awareness of bodily sensations but also beneficial and maladaptive forms of interoceptive
engagement (Bornemann et al., 2015). Finally, interoceptive awareness represents the
correspondence between interoceptive accuracy measured via behavioral tasks (e. g heartbeat
tracking task) and subjectively reported general IS (Khalsa et al., 2018). It should be mentioned
that the metacognitive component of interoceptive awareness should be measured only using
interoceptive accuracy scores and respondent’s ratings of the confidence in the accuracy of their
performance in the applied task (for discussion see (Murphy et al., 2019)). In the present
manuscript we retain the use of the term interoceptive awareness to refer to the correspondence
between interoceptive accuracy scores and IS as measured via self-report measures.
Interoceptive impairments have been linked to specific physical and mental health conditions,
emphasizing the importance of precise body signals perception for the physical and mental
well-being (Quadt et al., 2018). Although impairments in interoception may contribute to the
pathophysiology of gastrointestinal disorders, there is, to our knowledge, no study that
investigated interoceptive processing in IBD as a multidimensional concept. Enhanced visceral
perception sensitivity (“visceral hypersensitivity”) refers to the altered processing of visceral
stimuli in gastrointestinal disorders (Farmer & Aziz, 2013). Current findings support the view
that it results from disturbances along the brain-gut axis (Heymen et al., 2010) and is related to
functional alterations in brain regions involved in visceral afferent processing, emotional
arousal and pain perception (Icenhour et al., 2017; Tillisch et al., 2011). Visceral sensitivity in
irritable bowel syndrome patients have been characterized by a biased appraisal of perceived
bodily signals and enhanced selective attention to gastrointestinal sensations (Chapman &
Martin, 2011; Icenhour et al., 2017; Larsson et al., 2012). Even though so far there is — to our
best knowledge — no study investigating the link between visceral hypersensitivity and
interoceptive processing, we suggest that IBD patients might exhibit stronger and more
selective attention towards their bodily signals in order to recognize early signs of worsening
disease activity and upcoming relapse, which might result in superior interoceptive abilities. To
date, there are only few studies, which investigated interoceptive abilities in populations with
gastrointestinal disorders. Findings suggest no alterations in the behavioral performance in

interoceptive accuracy tasks, but only in self-reported IS in irritable bowel syndrome patients
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(Gajdos et al., 2020). In contrast, a study by Fournier et al. (2020) found no differences in the
interoceptive abilities of IBD patients measured with the Toronto Alexithymia Scale (Taylor et
al., 2003). Although it can be assumed that chronic exposure to visceral pain in IBD might be
associated with superior abilities to detect bodily signals, experimental studies examining this
association using both behavioral and self-report measures are missing. In IBD patients, the
perception of physiological stimuli is critical for the regulation of psychological mood, which

in turn may affect the appraisal of gastrointestinal symptoms and also the disease course.

Besides their role in symptoms perception, interoceptive abilities are of particular
importance for many higher order cognitive processes such as learning, decision making, and
emotion processing (Murphy et al., 2017). The perception of physiological changes in the body
is posited as a core component of emotional experience (Damasio, 1998; Garfinkel et al., 2014).
Based on neurobiological findings, Craig (2002) postulated that interoception reflects the
physiological condition of the entire body, including also the perception of the response of the
body to different affective stimuli and its impact on emotional experience (Craig, 2002).
Deficits in interoceptive abilities are associated with difficulties in identifying emotions,
reduced emotional reactivity and inferior ability to downregulate negative emotions (Fiistds et
al., 2013). In contrast, superior interoceptive abilities are linked to stronger associations
between individual’s body response to emotional stimuli and subjective ratings of perceived
arousal (Barrett et al., 2004; Fiistos et al., 2013). Thus, altered processing of visceral signals,
as observed in gastrointestinal disorders, may contribute to changes in patients’ emotional
functioning. A study by Vianna et al. (2006) suggested the relevance of this link in IBD: the
association between stronger visceral responses and higher subjective arousal to emotional
stimuli was significantly increased in acute Crohn’s disease patients compared to healthy
controls (HC), particularly for negative stimuli (Vianna et al., 2006). Additionally, findings
from neuroimaging studies have indicated decreased sensitivity to positive emotional content
in patients with Ulcerative colitis, suggesting the close connection between brain regions
involved in the processing of interoceptive as well as emotional stimuli (Agostini et al., 2011).
Impairments in emotional functioning may have crucial negative impact on patients’ well-being
(e.g. depression, anxiety). Although it is conceivable that alterations in interoceptive abilities
may partially explain impairments in emotion processing in IBD, studies investigating this link

are sparse (Fournier et al., 2020; Mayer, 2011).

One environmental factor that has been linked to an increased risk for mental and

somatic disorders is a history of adverse childhood experiences (ACE). ACE, including
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emotional and physical abuse as well as neglect, have permanent consequences for the mental
and somatic health in adulthood (Copeland et al., 2018; Herzog & Schmahl, 2018). Individuals
who report experiences of early life stress are more prone to developing chronic inflammation,
cardiovascular disease and affective disorders compared to non-traumatized controls (Fagundes
& Way, 2014). Some authors emphasized a potential role of ACE in gastrointestinal disorders
(Fuller-Thomson et al., 2015; Witges et al., 2019). A cohort study revealed that the prevalence
of at least one type of childhood adversity in IBD patients is above 70 % with most of the
patients reporting death of a family member during childhood and 12-13% reporting sexual or
physical abuse (Witges et al.,, 2019). One biological mechanism, which may explain the
negative impact of ACE on physical health in later life is the dysregulation of the hypothalamic-
pituitary-adrenal (HPA) axis and alterations of the stress-response in individuals exposed to
early life stress. Impaired physiological stress response affects the brain-body signaling, which
in turn might lead to altered perception of bodily signals (Schaan et al., 2019b; Schulz &
Vogele, 2015). Beyond its negative impact on body signals perception, ACE have been also
linked to impaired emotion regulation and emotional processing (Marusak et al., 2015;
Tottenham et al., 2010). Thus, early life stress might lead to dysregulation of the brain-body
axis and altered interoception, leading to impairments of emotional processing (Loffler et al.,
2018). However, the role of childhood adversity as vulnerability factor for altered perception
of bodily signals and impaired emotional functioning in IBD is still unclear (Liu et al., 2017).
Besides higher rates of ACE, newer findings suggest that one third of the IBD patients meet the
criteria for clinically important symptoms of a post-traumatic stress disorder (PTSD), and
patients attribute these to their disease (Taft et al., 2019). Thus, histories of childhood
traumatization, as well as chronic stress associated with the disease experience itself constitute
stressors, which may lead to changes in arousal, physiological reactivity and emotional

experience.

The aim of the current study was to investigate alterations of interoceptive abilities
and emotion processing in IBD compared to healthy participants. We proposed that the chronic
exposure to gastrointestinal symptoms may lead to enhanced attention towards bodily signals,
resulting in superior interoceptive abilities in IBD. The perception of physiological changes in
the body is a core component of emotional experience and greater interoceptive accuracy is
linked to more intense emotional experience and greater perceived arousal. Therefore, changes
in visceral signals perception might explain altered emotional processing among IBD patients.
To the best of our knowledge, this is the first study investigating interoception as a

multidimensional construct and its effects on emotion processing in IBD by combining
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behavioral and self-report measures. Measures of interoception included interoceptive accuracy
using the heartbeat tracking task (HBT) (Schandry, 1981), IS assessed via self-reports (Mehling
et al., 2012) and interoceptive awareness as the correspondence between interoceptive accuracy
and IS. We focused on IBD patients in clinical remission to avoid a potentially confounding
effect of active disease symptoms on the interoceptive measures. For the same reason we chose
to assess interoceptive accuracy using the HBT. A high correlation between measures of cardiac
and gastric interoception points to the presence of a general sensitivity for interoceptive cues
across different sensory modalities (Herbert et al., 2012a; van Dyck et al., 2016). In line, we
used the HBT as a substitute for measures of gastric interoceptive accuracy, since it is less
susceptible to confounding effects of abdominal pain in this patients’ group. HBT is a well-
established method to measure interoceptive accuracy that is typically performed under
conditions of physical rest (Schandry, 1981). However, when studying the relationship between
interoception and emotional experience, an assessment of interoceptive accuracy under
physical rest might fail to measure important characteristics of the cardiovascular system such
as its dynamic responses to arousing stimuli (Khalsa & Lapidus, 2016). To overcome this
shortcoming, we implemented a short physical exercise with the purpose of inducing a
physiological reaction in our participants. According to previous findings by Schaan et al.
(2019), increased heartrate resulting from a physical activation should lead to improvement in

participants’ interoceptive accuracy (Schaan et al., 2019a).

According to this rationale, we hypothesized that IBD patients will (I.) demonstrate
superior interoceptive accuracy and IS, as well as greater congruency between these constructs
and (II.) report higher arousal and emotional intensity when evaluating negative stimuli
compared with a healthy control group. We hypothesized that (III.) greater interoceptive
accuracy will be associated with higher arousal and emotional intensity ratings during
emotional processing. Moreover, we expected that ACE will modulate alterations in
interoception and emotional processing and strengthen the association between interoceptive
accuracy and emotional processing. (IV.) We expected the performance of a short physical
exercise to result in improved interoceptive accuracy. Therefore, we explored whether group
differences in interoceptive accuracy increased after performing a physical challenge. Finally,
we investigated whether heart rate and heart rate variability during the interoception and
emotion processing tasks differed between IBD patients and healthy individuals and expected
(V.) a decreased heart rate variability (HRV) in the IBD group compared with healthy

participants as repeatedly shown in the literature before (Sadowski et al., 2020).

26



Empirical findings

2.1.3 Methods

Participants

The study was approved by the Ethics Committee of the Medical Faculty Mannheim at
Heidelberg University and all participants gave their written informed consent before
participating in the study. The hypotheses, sample size, methods, exclusion criteria and planned
analyses were preregistered before data collection and can be accessed at:
https://aspredicted.org/blind.php?x=dj6{z9. All aspects of the study were carried out in

accordance with the pre-registered protocol unless otherwise stated.

In total, 70 individuals in age 18-65 years participated in the study. Of these, 35 met
the diagnostic criteria for IBD and 35 were HC. Both groups were matched for age, 1Q
(Multiple-Choice Word Test-B (MWT-B; (Lehrl et al., 1995)) and education. For age, we
accepted a difference of + 5 years in pairwise matches between patient’s and HC’s age. We
aimed to achieve two samples comparable on a group level. Since equal education level was of
particular importance for our matching procedure, we matched each healthy participant with
the same education as the one reported by the IBD patient. Therefore, the final sample included
more female participants in the HC group than in the IBD group. For further details, see Table
2.1. We excluded one participant of the IBD group from further analyses, since she/he reported
no perceived heartbeats during the HBT. Thus, the final sample consisted of 34 IBD patients
and 35 HC. According to our preregistered analyses a sample size of 120 participants was
planned. However, due to the Covid-19 outbreak and the pandemic-related restrictions the

number of participants was reduced.

IBD patients were recruited from the IBD outpatient unit at the University Medical
Center Mannheim. Overall, 23 patients with Crohn’s disease and 11 with ulcerative colitis in
clinical remission were included in the IBD group. Crohn’s disease patients exhibited mean
Harvey-Bradshaw Index score of 1.43 + 1.56 and UC patients mean Partial Mayo Score of 1.73
+ 1.49. The average age for disease onset was 25.65 £10.83 years. The average disease duration
was 15.67 + 13.55 years. Overall, 10 IBD patients reported a history of Extraintestinal
manifestations (Enteropathic arthritis n=6, Dermatitis n=4). Nineteen patients did not report
histories of previous surgeries, while the remaining IBD patients underwent surgeries including
ileal resection, ostomy, fistula removal and abscess drainage. Diagnostic procedures and
gastroenterological examinations were carried out on all patients by fully trained physicians

specialized in the care of patients with IBD. Exclusion criteria were biological signs of disease
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activity (fecal calprotectin level in mg/L > 200), current use of corticosteroids, use of
psychotropic medications other than SSRIs or SNRIs, and current or prior history of
neurological or mental disorders. Thirty-three patients reported a current treatment with
biologics and one using Mesalazine. Lastly, ten IBD patients reported having histories of further
somatic diseases (pulmonary embolism n=2, pancreatitis n=2, diabetes n=1, chronic cystitis
n=1, thrombocythemia n=1, asthma bronchiale n=1, and hypothyroidism n=2). Exclusion
criteria for the HC group were chronic medical conditions, chronic medication intake, use of
psychotropic medication, and current or prior history of neurological or psychiatric disease and
general gastrointestinal complaints (e.g., abdominal pain, diarrhea) during the last 4 weeks prior

to testing. For further details on sample characteristics, see Table 2.1.

To characterize the sample, we assessed psychological distress with the Brief
Symptom Inventory (BSI-18) (Franke et al., 2011). BSI-18 is a is an 18 Items self-report
instrument that measures somatization, depression, and anxiety in three subscales with 6 items
each and a global symptom severity score (Global Severity Index (GSI)). BSI-18 is a reliable
instrument for measuring psychological distress and comorbidities in patients with mental and
somatic disorders (Carlson et al., 2004; Franke et al., 2017). The scores for the GSI range from
0 to 72 points and from 0 to 24 points for each subscale with higher scores indicating higher
symptom severity. GSI total scores showed acceptable reliability in the present study, however
the reliability of the subscale scores suggests that they have to be interpreted with care (IBD:
Cronbach’s a=.88, .61, .76, .83; HC: a=.85, .66, .87, .66).

Prior to testing, participants evaluated their current affective state with the state version
of the State-Trait Anxiety Inventory (STAI; (Spielberger et al., 1983)). It is a 20 items scale,
which measures subjective feelings of apprehension, tension, nervousness, worry, and
activation/arousal of the autonomic nervous system on a 4-point Likert scale (1 “not at all” to
4 “very much so”). Items scores are added to obtain scale total score (range from 20 to 80) with
higher scores indicating greater anxiety. Cronbach’s a in the current study was a = .79 in the
IBD sample and .91 in the HC group. Additionally, arousal, valence, and dominance levels
were assessed via the Self-Assessment Manikin (SAM; (Bradley & Lang, 1994)). SAM is a
non-verbal pictorial assessment technique that measures valence/pleasure, perceived arousal,
and perceptions of dominance on a 9-point Likert scale. Higher scores indicate greater positive

valence, higher arousal and higher perceived dominance.
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Finally, visceral sensitivity was measured with the Visceral Sensitivity Index (VSI;

(Labus et al., 2004)). The 15-item scale assesses gastrointestinal symptom-specific anxiety,

comprising Worry, Fear, Vigilance, Sensitivity, and Avoidance as gastrointestinal-related

cognitions and behaviors. Items are scored on a reversed 6-point scale ranging from 0 “strongly

agree” to 5 “strongly disagree”. VSI has been developed specifically for patients with functional

gastrointestinal disorders. Since the VSI is not a suitable measure for healthy individuals’, we

utilized this self-report measure in the IBD group only. The overall VSI score ranges from 0 to

75 points with higher scores indicating more severe gastrointestinal-specific anxiety, as well as

lower tolerance to visceral pain. Reliability in the current sample was Cronbach’s a=.89.

Table 2.1 Sample characteristics

HC (M+£SD) IBD (M£SD)  Test-statistics p-value
Demographics
Age 37.06 £11.96 4132 +£14.36 1.342 .184
Sex (female/male) 20/15 18/16 0.12° 726
BMI 2459 +452 25.09 +3.32 0.52% .607
Years of education 1297 £2.62 12.44 £3.11 -0.772 445
MWT-B 3051  £3.71  29.79 +4.05 -0.772 443
Affective state
STAI Anxiety (state) 3223  £8.39 3435 +£582 0.99 2 327
SAM-Valence 3.81  +0.85 3.64 +0.99 -0.69 2 492
SAM-Arousal 203 +093 251  +0098 2.06° 043 *
SAM-Dominance 370  £0.70  3.48  +0.62 -1.042 302
Psychological
distress
GSI 23.50 +594 2890 +9.38 2,712 .009  **
Somatization 694 £1.56 9.63 +£3.11 4.29° <.001 ***
Depression 8.00 £324 947 £3.71 1.692 .096
Anxiety 856 +2.60 9.80 +3.84 1.532 131
Visceral sensitivity
VSI - - 28.87 +£14.95 - -

IBD, inflammatory bowel diseases group; HC, healthy controls group; BMI, Body-Mass Index;
MWT-B, Multiple Choice Word Test-B; STAI, State-Trait Anxiety Inventory; SAM, Self-

Assessment Manikin; GSI, General symptom index; VSI, Visceral sensitivity index. * p<.05,

#k p < 01, *** p < 001, * T-value, ® Chi? statistic
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Procedure

Participants evaluated their general interoceptive sensibility by a self-report questionnaire.
Afterwards, the ECG assessment was started, and participants were asked to perform three
experimental tasks, including an emotional processing task and the heartbeat tracking task

followed by a time estimation task (see Figure 1).

Questionnaires

Interoceptive Sensibility: MAIA

We assessed IS using the Multidimensional Assessment of Interoceptive Awareness (MAIA;
(Mehling, 2016; Mehling et al., 2012)). The 32 items self-report questionnaire measures eight
different facets of interoceptive sensibility on a 6-point Likert-scale (0 = “never” - 5 = “always”)
with higher scores indicate greater sensitivity to signals from the body. MAIA provides a
multidimensional profile of body awareness including the following eight subscales: Noticing
(being aware of body sensations), Not-Distracting (being inclined to not distract or ignore
painful or uncomfortable sensations), Not-Worrying (inclination to not be emotionally
distressed by uncomfortable sensations), Atfention Regulation (paying attention to and
controlling attention on body sensations), Emotional Awareness (being aware of the connection
between emotions and body sensations), Self-Regulation (regulating distress through paying
attention to body sensations), Body Listening (purposefully listening for insight from the body)
and Trusting (experiencing trust with and safety in the body) (Mehling et al., 2012). MAIA
revealed good internal consistency in the current experiment with Cronbach’s 0=.91 in the IBD
group and .94 in the HC group. A key advantage of MAIA is the possibility to assess various
aspects of IS, including subscales distinguishing between beneficial and dysfunctional forms of
IS. While “Noticing” assesses the awareness of bodily sensations in general, “Attention
Regulation” and “Not-Distracting” measure individual differences in how engaged a person is
regarding interoceptive cues (Mehling, 2016). Moreover, previous findings indicated that
general IS (“Noticing” subscale) did not benefit from body-focused interventions, aiming at
improving interoceptive abilities, while the ability to sustain and control attention to bodily
sensations (“Attention Regulation” subscale) showed a significant improvement (Bornemann
etal., 2015). The postulated association between bodily sensations and emotional experience is

assessed by the subscale “Emotional Awareness”. Since discrete emotions are linked to
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physiological reactions, individuals might differ in terms of their ability to recognize these

mind-body associations, which might lead to difficulties in recognizing their emotional state.

Childhood traumatization and PTSD symptoms severity

We assessed traumatization during childhood and adolescence as well as traumatic experiences
during lifetime using a battery of psychometric measures. Severity of ACEs were measured
with the German version of the Childhood Trauma Questionnaire (CTQ); (Klinitzke et al.,
2012). This 28-item questionnaire (five-point Likert scale ranging = 1 “not at all” - 5 = “very
often”) has been shown to have good psychometric properties in previous research (Klinitzke
et al., 2012). The CTQ consists of five subscales including emotional abuse (Cronbach’s a in
this study .79), physical abuse (a = .73), sexual abuse (o = .88), emotional neglect (o = .84),
and physical neglect (o = .45) and a total score (Cronbach’s a in IBD: .86; HC: .73). Each
subscale is represented by five questions with a score from 5 to 25. Scores fall into four severity
categories: none to low, low to moderate, moderate to severe and severe to extreme traumata

exposure for each subscale (see Table 2.2).

Furthermore, to assess additional types of early life stress such as parental loss,
continuous separation from one or both parents and foster care experiences we used selected
items (la, 1b, 2a, 2b) of the Childhood Experience of Care and Abuse Questionnaire (CECA.Q,
(Bifulco et al., 2005); German version: (Kaess et al., 2011)). Additionally, all participants were
screened for potentially traumatic life events using the Life events Checklist for DSM-5 (LEC-
5; (Weathers et al., 2013)). It is a self-report measure, which assesses exposure to 16 events
known to potentially result in symptoms of posttraumatic stress disorder (PTSD) or distress.
LEC-5 distinguishes not only between event types (e.g., physical or sexual assault, accident)
but also between the ways a person was exposed to the stressor (e.g., direct exposure or
witnessing the traumatic event). For each participant, the number of personally experienced

traumatic events (direct exposure) were summed up, resulting in one sum score.

Severity of PTSD symptoms was evaluated with the PTSD Checklist for DSM-5
(PCL-5; (Weathers et al., 2013)). It is a 20-item self-report measure that assesses the presence
and severity of symptoms after experiencing a traumatic event. Items correspond with DSM-5
criteria for PTSD including intrusion symptoms, avoidance, negative alterations in cognitions
and mood and alterations in arousal and reactivity during the last 4 weeks. The rating scale

ranges from 0 “not at all” to 4 “extremely” for each symptom. A total symptom severity score
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is obtained, with higher scores indicating higher PTSD symptoms severity. PCL-5 revealed
high reliability in the current study with Cronbach’s o = .91 in IBD and .87 in HC. See Table
2.2.

Experimental tasks
Interoceptive Accuracy: HBT

Interoceptive accuracy was measured with a standard heartbeat tracking task (HBT, (Schandry,
1981)). Participants were seated upright in a quiet room with their eyes closed. They were asked
to silently count the number of heartbeats occurring during five discrete time intervals of 25,
35, 45, 55, and 100 seconds. Participants were explicitly told not to estimate their heartbeats,
but to count only those heartbeats they actually perceived. Intervals varied in their length and
were presented in a randomized order counterbalanced across both groups. Before starting with
the experimental task, a baseline measurement of cardiac activity was performed (Figure 1).
Each HBT interval started after a resting period of 20 seconds. While counting their heartbeats,
participants were not allowed to use a manual pulse. To explore the effects of dynamic
alterations in the cardiovascular homeostasis on interoceptive accuracy, all participants were
asked to perform a short physical exercise comprising ten squats (Figure 2). However, some of
the IBD patients reported pain in the knees and refrained from performing this exercise.
Therefore, data for the second run of the task was available only for a subsample of participants
(24 IBD patients and 24 HC). To compute interoceptive accuracy scores, the ratio of the number
of reported heart beats and number of R-waves in the ECG was calculated for each of the time
intervals of the HBT and averaged across the five intervals ((1/5 X (1-| actual heartbeats-
counted heartbeats| /actual heartbeats)). In the present sample, interoceptive accuracy scores
ranged from 0 to 1 (no over-reporters observed) with higher scores indicating greater

interoceptive accuracy.

Time estimation task

Subject’s performance on the HBT might be confounded by individuals’ abilities to estimate
time, and their knowledge about their own heart rate (Knapp-Kline & Kline, 2005; Ring et al.,
2015). Therefore, we extended the experimental task by an additional time estimation task
(Figure 2) (Shah et al., 2016). Participants were asked to estimate the elapsed time during five

discrete time intervals of 25, 35, 45, 55 and 100 seconds. Time intervals were presented in
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pseudorandomized order, counterbalanced across the experimental groups. The time estimation
task was performed after the HBT prior and following the physical challenge. Similar to the
computation of interoceptive accuracy scores, time estimation (TE) accuracy was calculated
using the following formula (1/5 3 (1 - | actual elapsed time — estimated elapsed timel /actual

elapsed time)) (Shah et al., 2016).

Baseline

Emotion
processing task
[

Baseline

Heartbeat
tracking task

START STOP | Physical exercise

"

E

Heartbeat
tracking task

START STOP

Figure 1. Visualization of the study setup. After completing all questionnaires, a resting ECG
(duration of 2 minutes) was recorded. Afterwards, participants performed an emotion
processing task. Again, before starting the Heartbeat tracking task, a resting ECG recording
was conducted. For more details on the trial structure of the Heartbeat tracking task please see

Fig. 2.
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Table 2.2. Sample characteristics including childhood traumatization, traumatization in later

life, and PTSD symptoms severity.

Trauma history

Childhood trauma

CTQ total
None ACE
Low ACE
Moderate ACE
CTQ-EA
CTQ-PA
CTQ-SA

CTQ - EN
CTQ-PN
Loss/death

of a parent
Lifetime trauma
LEC-5

PTSD symptoms
PCL-5 total
Cluster B
Cluster C
Cluster D
Cluster E

HC (M£SD)
36.06 +7.00
n=21

n=13

n=1

8.51 +2.96
5.80 +1.60
5.14 +0.55
9.63 +3.29
6.97 +1.71
n=9

1.11 +1.30
5.54 +5.94
1.43 +1.95
0.74 +1.20
1.86 +2.79
1.43 +1.70

IBD (M£SD)
35.73 +10.77
n=21

n=10

n=2

8.18 +3.73
6.27 +2.53
5.55 +2.00
8.91 +3.79
6.81 +2.34
n=10

1.52 +1.56
15.47 +12.37
4.25 +3.69
1.81 +2.13
4.16 +3.55
4.84 +4.52

Test-

statistics

-0.152
0.10 °
0.36 °
0.41°
-0.412
0.92¢
1.122
-0.842
-0.31%
0.26°

1.15¢

4.132
3.86*%
2.50°
2.96°
4.022

p-value

.881
758
551
520
.684
362
272
405
758
.608

254

<.001
<.001
<.013

.004
<.001

skkok

skkok

ok

skkok

IBD, Inflammatory bowel diseases group; HC, healthy control group; CTQ, Childhood trauma

questionnaire; EA: emotional abuse, PA: physical abuse, SA: sexual abuse, EN: emotional

neglect, PN: physical neglect; ACE, Adverse childhood experiences; LEC-5, Life events

checklist; PTSD, post-traumatic stress disorder; PCL-5, Post-traumatic stress disorder checklist

for DSM-V; Cluster B = intrusion symptoms, Cluster C = avoidance, Cluster D = negative

alterations in cognitions and mood, Cluster E = alterations in arousal and reactivity, * p < .05,

#k p < 01, *** p < 001, * T-value, ® Chi? statistic.
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Emotional processing task

Emotional processing was measured by ratings of subjective intensity of arousal and valence
when being presented with emotional stimuli. The task involved 90 pictures of three categories
(30 positive, 30 negative, and 30 neutral pictures) from the OASIS data base ((Kurdi et al.,

2017) www.benedekkurdi.com/#oasis), presented in a pseudorandomized order. Based on

existing norms, ‘negative’ stimuli were selected based on high arousal (M = 4.12, SD = 0.45)
and low valence ratings (2.58 £ 0.35), ‘positive’ pictures had high arousal (4.15 = 0.48) and
high valence ratings (6.04 + 0.23), and ‘neutral’ stimuli had low arousal (2.36 + 0.53) and
moderate valence rating (4.08 + 0.10). Emotional stimuli were presented on a computer screen
and participants were asked to rate their subjectively experienced level of arousal and valence
for each stimulus. Arousal and valence ratings were made in two separate blocks, each one
consisting of 90 pictures, resulting in overall 180 trials. All ratings were performed on an 8-
point scale (valence: 1 = “very unpleasant” - 8 = “very pleasant”; arousal: 1 = “not aroused at
all” - 8 = “highly aroused ) by moving a mouse cursor to one of the eight target buttons. Trials
were self-paced, with participants signaling the start of the trial by moving the cursor to a start

button that was placed in equal distance from the semicircular arranged target buttons.

ECG recording and preprocessing

Electrocardiogram (ECG; Einthoven II) was obtained by attaching two one-way hydrogel
electrodes (Kendall ™ Covidien, Germany) under the right and the left clavicle, respectively,
and a third electrode was placed on the left side under the lowest rib. Signals were recorded
with a sample rate of 1024 Hz using a Varioport system (Becker, meditec). Participants were
instructed to avoid body movements and to breathe in their natural manner. ECG was recorded
during each experimental task as well as during two resting periods with a duration of two

minutes each (Figure 1).

R-waves of the QRS-complex were determined by the Pan-Tompkins algorithm (Pan
& Tompkins, 1985; Sedghamiz, 2014) using custom written scripts in Matlab 2020a (The
Mathworks, Inc.). Accuracy of the automatic detection of R-waves was subsequently controlled
by visual inspection to identify ectopic heart beats and time intervals confounded by artifacts.
Following this preprocessing procedure, the number of heart beats for each of the time intervals

of the HBT was determined and stored for further calculation of the interoceptive accuracy
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scores. Additionally, heart rate (HR) and root mean square of the successive differences
(RMSSD) were calculated separately for the HBT (averaged across all time intervals), the
emotional processing task, as well as the resting ECGs recorded prior to the experimental tasks
(Shaffer & Ginsberg, 2017). We calculated RMSSD of the normal-to-normal beat intervals
(NN), while excluding each interval with an ectopic beat as well as the preceding and following
RR interval, since these might be also distorted by the occurrence of ectopic beats (Choi &
Shin, 2018). In general, RMSSD is considered to be a robust and statistically reliable HRV
marker (Thomas et al., 2019). It represents short-term HRV (Electrophysiology, 1996) and is
used as a marker for vagally mediated HRV.

‘START' signal ‘START" signal
N

Time
estimation

Reporting
counted Reporting
heartbeats estimated

time
20 sec pause
20 sec pause

‘START' signal ‘START” signal
N

Time
estimation

‘STOP signal
Reporting

counted Reporting
heartbeats estimated

time
20 sec pause
20 sec pause

Figure 2. Trial structure of the Heartbeat tracking task. First, participants performed the HBT

for five different time intervals in a pseudorandomized order. Afterwards, they performed a
Time estimation task for the same time intervals. After a short physical challenge of ten squats
was implemented, participants performed once again the HBT, followed by the Time estimation

task.
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Statistical analyses

Statistical analyses were carried out with SPSS v.25.0 (IBM Corp., USA). For all analyses

statistical significance was set to p < 0.05.

Interoceptive accuracy and accuracy of time estimation

Interoceptive accuracy und TE accuracy scores were compared between experimental groups
with independent samples t-tests. Additionally, we analyzed the effects of the physical
challenge in a subsample of participants, for interoceptive accuracy and time estimation
accuracy in two separate 2 x 2 mixed ANOVAs with the independent factor ‘group’ and the

repeated measurement factor ‘time’ (pre/post physical challenge).

Interoceptive sensibility

To test group differences in IS, mean scores of all MAIA subscales were analyzed with multiple

independent samples t-tests.

Interoceptive Awareness

Interoceptive awareness is defined as the correspondence between one’s interoceptive accuracy,
measured with an objective behavioral task, and IS that is the subjective evaluation of
interoceptive abilities assessed via self-report measures. Previous studies investigating the link
between behavioral measures of interoception (e.g., HBT) and MAIA subscales revealed
associations only with the subscale “Attention Regulation” (Cali et al., 2015). Thus, it has been
suggested that interoceptive accuracy measured by the HBT relates to more specific aspects of
IS and not so much to general IS as assessed by the “Noticing ” subscale. Since the HBT requires
individual’s ability to control and maintain attention towards bodily sensations, we assessed
interoceptive awareness by computing Pearson’s correlation coefficients between interoceptive
accuracy scores and [Sagention regulation SCOTes across all participants in each experimental group
(Garfinkel et al., 2015; Hina & Aspell, 2019). To investigate group differences in interoceptive
awareness, correlation coefficients in the IBD and HC group were standardized and compared

between groups (Eid et al., 2011).
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Emotional processing

Differences in emotion processing between IBD and HC were analyzed with two separate 2 x
3 mixed-effects ANOVAs for the two dependent variables ‘valence and ‘arousal’ with the
between-subject factor ‘group’ and within factor ‘stimulus valence’ (positive/ neutral/negative).
Degrees of freedom were corrected using Greenhouse-Geisser estimate of sphericity. Post-hoc

comparisons were done by sub-designs of ANOVA design and/or pairwise comparisons.

The link between interoceptive accuracy and emotional processing

To investigate whether greater interoceptive accuracy was associated with higher levels of
experienced valence and arousal during emotional experience, two linear regression analyses
across all participants were computed. Valence and arousal ratings averaged separately for the
three types of stimuli valence constituted the dependent variables (DV), while interoceptive
accuracy scores were used as independent variable (IV). Beyond these preregistered analyses,
we computed two additional linear regressions to test whether superior IS was associated with
changes in perceived valence and arousal of emotional stimuli. Since we hypothesized that
alterations in emotional processing linked to interoceptive processes will be more pronounced
for negative stimuli, mean valence and mean arousal ratings only for negative stimuli were

included in the analyses.

The role of ACE in interoception, emotional processing and their association in IBD

The effect of childhood traumatization on interoceptive accuracy and IS was investigated using
two linear regression analyses with CTQ scores (IV) and interoceptive accuracy and IS scores
(DV), respectively. Furthermore, to investigate whether severity of childhood traumatization
does influence emotional processing, linear regression models for valence and arousal ratings
were computed separately. Finally, the modulating effect of ACE on the relationship between
interoceptive accuracy and emotional processing was investigated using separate moderation
analyses with interoceptive accuracy scores (IV) and valence and arousal ratings (DV),
respectively. Again, beyond the preregistered statistical analyses, we computed two additional

moderation models with IS (IV) and valence and arousal ratings (DV).

Heart rate and heart rate variability

HR and RMSSD were compared between groups with independent t-tests. The effects of the

physical activation on HR and HRV parameters were analyzed with a variance analytical design
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including the independent factor ‘group’ and the repeated measurement factor ‘time’ (pre/post
challenge) in the subgroup of participants who performed the short physical exercise. Finally,
differences between baseline cardiac activity and physiological activation during the emotional
processing were analyzed with a variance analytical design including the independent factor

‘group’ and the repeated measurement factor ‘time’ (baseline/task).

To control for multiple testing, we report the corresponding p-values adjusted according to
Benjamini & Hochberg (1995) and indicated this by a subscript (prpr) (Benjamini & Hochberg,
1995).

2.1.4 Results

Interoceptive accuracy and time estimation accuracy:

Comparisons between IBD and HC revealed no differences between both groups either for the
interoceptive accuracy scores or the TE scores (IACC: #(67) = -0.432, p = .667, TE: #(67) = -
0.047, p=.963, see Table 2.3). An analysis of the effect of the physical challenge in a subgroup
of participants showed also no group differences for interoceptive accuracy either in general or
depending on the challenge (main effect ‘group’: F(1,46) = 0.108, p= .744; ‘group’ x ‘time’:
F(1,46) = 0.777, p = .383). However, interoceptive accuracy after the physical challenge
improved as non-significant trend (main effect ‘time’: interoceptive accuracy: F(1,46) =2.864,
p = .097). In contrast to interoceptive accuracy, HCs improved significantly in their TE
performance after the physical challenge, whereas IBD patients did not show a significant
difference (main effect ‘group’: F(1,46) = 1.860, p =.179; ‘group’ x ‘time’: F(1,46) =4.428, p
=.041).

Interoceptive Sensibility:

IBD patients reported a stronger tendency to distract themselves from unpleasant sensations
(ISnot-distracting: #(66) = -3.500, prpr = .004) and superior awareness of physical sensations
associated with emotional states (ISemotional awareness: #(66) = 3.504, prpr = .004). For further
details on MAIA subscales see Table 2.3.

Interoceptive Awareness:

Interoceptive accuracy and [Sasention regutation SCOTes showed a non-significant trend association in

the IBD group but not in HC (all participants: #(68) = -.151, p = .218; IBD: #(33) =-.317,p =
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.072; HCs group: #(35) =.049, p =.779). Interoceptive awareness differed between groups only
as a non-significant trend (Z = -1.49, p = .069; Table 2.3).

Emotional processing task:

Valence ratings did not differ between both groups, either in general or dependent on the
stimulus valence (main effect ‘group’: F(1,64) = 2.08, p = .154; ‘group’ X ‘stimulus valence’:
F(1,84) = 0.80, p = .407) (Table 2.4). Arousal ratings differed between groups depending on
the stimulus valence (‘group’ x ‘stimulus valence’: F(1,96) = 3.64, p = .042; main effect
‘group’: F(1,64) = 0.43, p = .517). Post-hoc analyses revealed a significant interaction effect
‘group’ x ‘stimulus valence’ (F(1,64) =5.329, p = .024) with IBD patients exhibiting a greater
difference in their perceived arousal between neutral and positive stimuli compared to HC
(IBD: Mueutrat = 5.10 % 1.08, Mpositive = 7.11 £ 0.54; HC: Mneutral = 5.45 + 1.28, Mpositive = 6.79 £
1.01).

Interoception and emotional processing:

Regression analyses revealed no significant associations between interoceptive accuracy and
subjective valence or arousal ratings (all p > .05). Since only [Semotional awareness and ISnot-distracting
scores revealed significant group differences, only these subscales were used to investigate the
link between IS and emotional processing. ISemotional awareness Was a significant predictor of
perceived valence of negative stimuli in the whole sample (b = -0.390, prpr = .012) with
participants reporting greater emotional awareness perceiving negative stimuli as more negative
compared to those with lower emotional awareness. Further analyses revealed that this
association was significant only in the IBD group (b = -0.493, prpr = .024) but not in the HC
group (b = -0.293, prpr = .371) (Figure 3A). Similarly, [Semotional awareness Showed a significant
association with perceived arousal of negative stimuli for all participants (b = 0.357, prpr =
.034), with greater emotional awareness being associated with higher arousal. A non-significant
trend for this association was found in the IBD group (b = 0.477, prpr = .069) but not in HC (b
=0.235, pror = .371) (Figure 3B). ISnotdistracting Was not significantly associated with emotional

processing (all p > .05).
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Table 2.3 Group differences in Interoceptive accuracy, Interoceptive sensibility and

Interoceptive awareness.

HC (M+SD)  IBD (M4SD)  Test- p-value

statistics

Interoceptive accuracy (HBT)

IACC 0.67 +0.21 0.65 +0.19 -0.432% 667

TE accuracy 0.73 +0.15 0.73  +0.14  -0.047% .963
Interoceptive sensibility (MAIA)

Noticing 274  +1.03 261 +1.14 -0.492? 625

Not distracting 310 +0.83 220 +1.09 -3.500° 004 **
Not worrying 288  +0.79 2.67 +£1.10 -0.929? 356
Attention 2.41 +0.68 2.65 +0.89 1.2432 218
regulation

Emotional 272 4092 347 +0.83 3.504¢ 004 **
awareness

Self-regulation 1.95 4091 232 +£1.03 1.561% 123
Body listening 1.76  £1.10 195 +1.16 0.683? 497
Trusting 3.0 +1.05 298 +1.29 -0.205° .839

Interoceptive awareness (IAcc*MAIA)

[Aw 049 ° -317° -1.49°¢ 069 (*)

IBD, Inflammatory bowel diseases group; HC, healthy control group; IACC, interoceptive
accuracy; MAIA, Multidimensional Assessment of Interoceptive Awareness; [Aw,

interoceptive awareness. * p < .05, ** p < .01, *** p < 001, 2 -value, ° r, ¢ Z-value
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Table 2.4 Results of the analyses of variance for mean valence and arousal ratings with
between-subject factor ‘group’ (IBD/HC) and within-subjects factor ‘stimulus valence’

(positive/neutral/negative).

Emotional processing task

F dfl/df2 p-value
Valence ratings
Group 2.08 1/64 154
Stimulus valence 301.63 1/84 <001 H**
Group X stimulus valence 0.80 1/84 407
Arousal ratings
Group 0.43 1/64 517
Stimulus valence 312.54 1/96 <001 H**
Group X stimulus valence 3.64 1/96 042 *

df, degrees of freedom; * p <.05, ** p <.01, *** p <.001
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Figure 3. Associations between interoceptive sensibility and emotional processing. Higher
ISemotional awareness (MAIA) scores were associated with higher negative valence (Fig. 3A) and

arousal ratings (Fig. 3B) of negative stimuli.
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Group differences in childhood traumatization, later traumatic experiences and PTSD symptom

severity:

There were no significant differences between both groups regarding the severity of ACEs
measured with the CTQ. An equal number of IBD patients and HCs reported separation or death
of a parent during their childhood (IBD: 32.3 %, HC: 26,5 %, 7*(1) = 0.263, p = .608). Both
groups did not differ in the number of traumatic events experienced in later life (IBD: M =1.52,
SD = 1.56; HC: M = 1.11, SD = 1.30), however, the IBD group exhibited a higher level of
PTSD symptoms compared to HC #(44) =4.126, p <.001. See Table 2.2 for further details.

Childhood traumatization and interoception:

Regression analyses revealed no significant associations between interoceptive accuracy and
CTQ in the present sample (all p > .05). However, exploratory analysis showed that
interoceptive accuracy after the physical challenge was lower in those participants with higher
CTQ scores in the HC group (7(24) = -.511, prpr = .022), but not in the IBD group (#(24) =
.070, prpr = .752, comparison between groups: Z = -2.06, p = .020) (Figure 4). CTQ scores did

not show any significant links either to IS or interoceptive awareness (all p > .05).
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Figure 4. Associations between Interoceptive accuracy (HBT) and childhood traumatization
(CTQ score) before (Fig. 4A) and after the physical challenge (Fig. 4B). In contrast to the IBD
group (red line), HCs (grey dashed line) showed a significant negative correlation between
interoceptive accuracy and CTQ scores after the physical challenge. Note: the physical
challenge was implemented only in a subsample of 48 participants. CTQ, childhood trauma

questionnaire; HC, healthy controls group; IBD, inflammatory bowel diseases group.
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Childhood traumatization and emotional processing:

Linear regression analyses revealed no significant associations between CTQ scores and

emotional processing (all p > .05).
The role of ACE in interoception, emotional processing and their association:

Moderation analyses showed no significant effects of CTQ scores on the link between
interoceptive accuracy and emotional processing (all p > .05). However, CTQ severity
significantly moderated the association between ISemotional awareness and valence ratings of

negative stimuli (R?>= 0.22, F(3,61) = 5.588, p = .002). A significant interaction was found

between [Semotional awareness and CTQ scores (b = -0.05, p = .009), indicating that severer
traumatization strengthens the negative relationship between ISemotional awareness and valence
intensity. Individuals with severe histories of ACE and higher IS rated negative stimuli as more
negative compared to individuals with higher IS but no histories of childhood traumatization

(Figure 5A).

For arousal ratings, analyses revealed a non-significant trend effect of CTQ on the
association between ISemotional awareness and perceived arousal of negative stimuli (R? = 0.12,
F(3,61)=2.725, p = .052). A significant interaction between ISemotional awareness and CTQ scores
was found only for the highest CTQ severity (b = 0.76, p = .007) but not for the lower CTQ
scores (b =0.28, p =.09). These findings indicate that only severe ACE significantly amplified
the positive relationship between ISemotional awareness and arousal, suggesting that individuals
reporting higher levels of childhood traumatization and high IS, do experience negative stimuli
as more arousing compared to individuals with high IS but no or low levels of childhood

maltreatment (Figure 5B).
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Figure 5. Moderation effect of childhood traumatization (CTQ) on the link between ISemotional
awareness (MAIA) and perceived valence (Fig. 5A) and arousal (Fig. 5B) of negative stimuli.
Participants reporting higher CTQ scores (red line) and high ISemotional awareness reported higher
negative valence and arousal compared to individuals exhibiting high IScmotional awareness but
moderate (grey line) or low (blue line) traumatization. IS, interoceptive sensibility; CTQ,

childhood trauma questionnaire.

Heart rate and heart rate variability:

Heartbeat tracking task

Mean HR during the HBT did not differ significantly between IBD and HC before the physical
challenge (#(67) = 1.490, p = .141). However, mean HR differed significantly before and after
the physical challenge (main effect ‘time’: F(1,46) = 5.372, p = .025) and showed a non-
significant trend for group differences (main effect ‘group’: F(1,46) = 3.284, p =.076; ‘time X
‘group’: F(1,46) = 0.059, p = .809). Thus, HR increased after the physical challenge in both
groups, indicating that the implemented manipulation was successful. Mean RMSSD during
the HBT did not differ significantly between both groups (#67) = 0.367, p = .714). However,
mean RMSSD differed significantly before and after the physical challenge (main effect ‘time:
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F(1,46) = 18.10, p <.001) and differed between both groups only depending on the presence
of physical challenge (‘time % ‘group’: F(1,46) = 9.66, p = .003; main effect ‘group’: F(1,46)
= 0.24, p = .625). Both groups exhibited increased HRV after the physical challenge. In the

IBD group, however, this increase was less strong compared to HC.

Emotional processing task

Due to technical problems, baseline ECG data of three participants could not be analyzed. Mean
HR and RMSSD at baseline and during the emotional processing task did not differ either in
general or between both groups (all p > .05). For further details see Supplementary Material
S1. Childhood traumatization was not associated with alterations in cardiac activity in the whole
sample (all p > .05). In IBD, higher CTQ scores were associated with higher HR at baseline
(r(31) = .420, p = .019). A non-significant trend association between mean RMSSD after the
physical challenge and CTQ total score in the IBD group was found (#(23) = -.376, p = .077).
No associations between cardiac activity and childhood traumatization could be found in HC.
Because of the exploratory nature of these analyses, we did not correct for multiple comparisons

(for more details see supplemental material S1, Table S1).
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2.1.5 Discussion

The present study investigated alterations of interoception and its role in emotion processing in
IBD. This is the first study to assess interoceptive abilities as multidimensional construct
implementing both behavioral and self-report methods. Therefore, we were able to investigate
changes in different facets of interoception in IBD and to link these to emotion processing.
Furthermore, associations between interoceptive abilities and emotion processing were

investigated while taking childhood traumatization into account.

Interoceptive accuracy

Our findings indicated no differences between IBD and HC in the objective ability to track and
perceive internal bodily sensations. These results are in line with previous studies using the
same experimental paradigm in somatoform disorders (Schaefer et al., 2012), fibromyalgia
(Borg et al., 2018) and irritable bowel syndrome (Gajdos et al., 2020). Contrary to out
hypothesis, IBD patients did not exhibit greater interoceptive accuracy of cardiac signals. One
possible mechanism explaining this finding could be provided by current theories of
somatization suggesting that the perception of bodily sensations is based on previously formed
symptom-related memory structures (Brown, 2004; Witthoft et al., 2020). Potentially, IBD
patients might be more focused on disease-specific visceral signals, which in turn captures
cognitive resources and might impede an attentional shift to other internal signals such as their
heartbeats. However, future studies need to assess interoceptive accuracy of other internal
sensations (e.g., gastric signals) in IBD compared to healthy individuals, in order to provide
empirical evidence whether disease-specific bodily sensations might be perceived more
accurately. We implemented a short physical challenge to investigate whether activation of the
cardiovascular system might influence individuals’ abilities to track their heartbeats
differentially in healthy individuals and patients with IBD. Our results showed that both groups
improved as a non-significant trend in their interoceptive accuracy after the short physical
exercise, indicating that induction of increased sympathetic activity elicits increased
interoceptive accuracy. To our knowledge, this is the first study to investigate interoception by
implementing a physical challenge in adults. Indeed, after the short physical activation
participants improved in their interoceptive accuracy, showing that it might be useful to

investigate interoceptive abilities after induced physiological arousal.
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Interoceptive Sensibility

Although both groups did not differ in their objective abilities to perceive visceral signals
(heartbeats), our findings indicate that IBD patients do differ in their subjective interoceptive
abilities regarding two main facets of IS: the tendency how to cope with unpleasant bodily
sensations (ISnot-distracting) and their ability to be focused on the body when experiencing various
emotions (ISemotional awareness). Our results show that IBD patients exhibit a stronger tendency to
use distraction as a coping mechanism when experiencing discomfort and physical pain. Coping
strategies modulate the effects of psychological distress on illness experience in IBD (Bitton et
al., 2008b). In line with our findings, previous research demonstrated that IBD patients often
use self-distracting and avoidance strategies to cope with IBD symptoms (Jones et al., 2006).
In general, distraction is the most common coping style for managing pain in chronic pain

patients (Mehling et al., 2013).

The current study expands existing findings on the association between emotional
processing and interoception in IBD by showing a greater awareness of the connection between
emotional states and bodily sensations in IBD patients. While the perception of visceral signals
per se does not seem to be changed in remitted IBD patients, it is the appraisal of these
sensations, which might be altered. When experiencing an emotion, IBD patients may appraise
their bodily sensations differently from healthy individuals by putting greater emphasis on the
perceived changes in the body, resulting in grater emotional awareness. Empirical findings from
clinical and fundamental research have already demonstrated the physiological effects of gut
microbiota on emotional processes, including emotion recognition. Tillisch et al. (2013) could
show a reduced midbrain connectivity activity and therefore altered activity in brain areas
associated with vigilance to emotional stimuli in individuals after a four-week therapy with
probiotics (Tillisch et al., 2013). Alterations in gut microbiota, as frequently observed in IBD,
might be linked to changes in emotion and sensory related brain regions (Mayer et al., 2014),
leading to changes in emotional awareness. Individuals with superior interoceptive abilities
perceive emotions as more intense (Herbert et al., 2007), which might be due to greater attention
to emotion-related bodily changes and greater awareness of these mind-body associations.
From a neurobiological perspective, the neural circuits involved in processing visceral
information overlap with those involved in emotional processing (Critchley & Garfinkel, 2017;

Singer et al., 2009).
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Interoception & emotional processing

Our results indicated no group differences in the perceived valence of emotional stimuli.
However, when evaluating their subjectively experienced arousal, IBD patients exhibited a
greater arousal increase when being presented with neutral compared to positive stimuli.
Interoceptive accuracy was not related to emotional processing in the present study. In contrast,
[Semotional awareness Was associated with perceived valence and arousal of negative stimuli.
Individuals exhibiting superior ISemotional awareness €xperienced negative stimuli with a higher
intensity, accompanied by higher levels of perceived arousal. However, these associations
could be found only in the IBD group but not in HC (Figure 3). Our findings indicate that only
emotional awareness as part of individual’s interoceptive sensibility and not one’s interoceptive
accuracy influenced the perception of emotional stimuli. This pattern implies that altered
processing of negative emotional content among IBD patients is not connected to changed
perception of physiological stimuli but to their appraisal in the context of the emotional
experience. These results could, therefore, indicate that the ability to identify and attribute
physical sensations to certain emotional states (e.g., increased muscular tension and anger)
might intensify patient’s tendency to link bodily sensations to environmental triggers. In line
with this interpretation, findings from fMRI studies also showed that individuals with high
emotional awareness exhibit stronger emotion reactivity (Lichev et al., 2014; Terasawa et al.,
2013). This might imply that IBD patients who are more aware of the physiological
manifestations of emotions in the body may appraise these as more intense. Furthermore, neural
correlates of emotional awareness include brain regions involved in the perception of both
interoceptive signals and emotional cues (Critchley & Garfinkel, 2017; Zaki et al., 2012),
suggesting that higher emotional awareness may be reflected by more efficient information
exchange between these brain structures (Lutz et al., 2013). It is conceivable that, although the
perception of internal signals (heartbeats) did not seem to be changed, IBD patients might
experience more differentiated bodily feelings during emotional experience as result of a
changed neural functional connectivity (Simmons et al., 2013). Since our results indicate that
only the perception of negative stimuli was linked to emotional awareness, future studies need
to investigate whether these effects can be explained by functional and structural changes in
brain regions known to be relevant for the processing of negative emotions, visceral sensations,

and interoceptive attention, such as the interior insula (Avery et al., 2014; Zaki et al., 2012).
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The role of childhood traumatization

In contrast to previous findings, the IBD sample in the current study did not report higher levels
of ACE compared to HC. A recent study found a significant percentage of IBD patients to have
at least one ACE, stressing the possibility that childhood trauma might influence the course of
IBD shown by a higher use of health care resources (Witges et al., 2019). However, in other
population-based studies the link between maltreatment during childhood and IBD later in life
was found only for Ulcerative colitis, but not for Crohn’s disease (Fuller-Thomson et al., 2015).
One possible explanation why the prevalence of ACE was not increased in our IBD sample
might be that patients reporting current and/or lifetime psychiatric disorders were not included
in the study. Early life stress has been repeatedly linked to higher risk for developing mental
health problems. Previous studies investigating the prevalence ACE and IBD took primarily
lifetime major depression and generalized anxiety disorders into account (Fuller-Thomson et
al., 2015), but no further psychopathologies. However, none of these studies managed to
disentangle the effects of ACE on IBD as well as on anxiety or depression symptoms by now.
Further studies are required to investigate whether the interplay between interoception, emotion

processing and ACE in IBD patients is influenced by psychiatric co-morbidities.

To the best of our knowledge, this is the first study to investigate the role of childhood
maltreatment in interoception, emotional processing and their association. Our findings
revealed no associations between ACE and interoceptive accuracy in IBD. Interestingly, we
observed that in HC, ACE was negatively related to interoceptive accuracy only after the
physical challenge. The implemented physical exercise was used to induce an increase in
participants’ heart rate and thereby enhanced cardiac signals perception (Herbert et al., 2012b).
Our findings could, therefore, reflect the long-term negative impact of childhood maltreatment
on individual’s abilities to perceive visceral signals under conditions of physiological
activation. Chronic early life stress leads to altered physiological response to arousal and
dysregulation of the brain-body signaling (Schaan et al., 2019b; Schulz & Vdgele, 2015). In
line, various trauma-related disorders (e.g., PTSD) have been repeatedly linked to altered
physiological reactions to external threat cues (Iffland et al., 2020; Lissek & van Meurs, 2015).
In this case, threat perception might lead to maladaptive coping mechanism such as suppression
and denial of bodily sensations due to overwhelming physiological reactions. In line with this
interpretation, physical detachment is often observed in early-traumatized individuals as coping
mechanism under high-stress conditions. Our results are also in line with Schaan et al. (2019)

who found a negative relationship between early life stress and interoceptive abilities only after
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an acute psychological stressor has been induced (Schaan et al., 2019b). Our findings suggest,
however, that a physical stressor is also an eligible method to affect interoceptive accuracy and
might be a useful approach to reveal possible associations between interoception and childhood

traumatization.

Adverse childhood experiences have been repeatedly linked to impairments in
affective processing (Dannlowski et al., 2012). However, studies investigating the role of
childhood traumatization on the link between interoception and emotion processing are sparse.
We observed that the association between ISemotional awareness and emotional processing of
negative stimuli is moderated by severity of ACE independent of IBD diagnosis. This is a novel
and interesting finding suggesting that among individuals with histories of childhood
maltreatment, greater emotional awareness is associated with stronger intensity of negative
affect and higher arousal to negative environmental stimuli. Previously, an attentional bias
towards negative stimuli in individuals with ACE have been shown, indicating greater
responsiveness to negative cues, heightened emotional response to possible threats and
difficulties disengaging from negative emotional content (McLaughlin & Lambert, 2017). In
the context of emotional experience, individuals with histories of childhood maltreatment might

use their bodily signals in a more efficient way in order to track and recognize possible threats.

Finally, exploratory analyses of the data revealed higher PTSD symptoms severity
including negative alterations in cognitions and mood, hyperarousal, and reactivity in the IBD
group. Some evidence indicates a higher risk for developing PTSD symptoms in IBD due to
the challenges of the disease course most of the patients’ experience (Taft et al., 2019). In
summary, these findings emphasize the influence of early life adversity and higher frequency
of posttraumatic stress symptoms in IBD. Since posttraumatic stress has been linked to worse
IBD course through behavioral and physiological pathway, this might indicate a new possible

target for intervention improvement (Weaver & Szigethy, 2020).

Limitations

Finally, some limitations of the present study have to be addressed. First, although we aimed to
investigate a bigger sample (N=120), the final sample consisted of 69 participants. Thus, given
the smaller sample size larger effect size was needed to detect significant effects. Post-hoc
sensitivity analyses showed that our study was sensitive to detect effect sized of d = 0.68 with

80% power in contrast to d = 0.52 for the planned sample size of N=120). Moreover, it should
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be mentioned that although all IBD patients were in clinical remission, some of them reported
minor health problems (e.g., knee pain), whereas all healthy control participants did not declare
any health-related complaints. In line with other studies using this task, we found relatively
poor mean interoceptive accuracy scores between 0.50 and 0.70 (Reinhardt et al., 2020;
Schaefer et al., 2012). Thus, the observed variance in both groups was quite low. It should be
emphasized that there is a considerable body of evidence from physiological studies supporting
the construct and criterion validity of the HBT (Fukushima et al., 2011; Herbert et al., 2012b;
Pollatos et al., 2005a). Thus, the reported poor validity of interoceptive accuracy measures in
some studies result to a large extent from insufficiently controlled experimental environments
or non-standardized changes in participant’s physiological reactions (e.g. changing body
posture during the task) (Ainley et al., 2020). Previous studies found a strong association
between cardiac and gastric sensitivity suggesting the presence of a general sensitivity for
interoceptive cues across the cardiac and gastric modalities (Herbert et al., 2012a; van Dyck et
al., 2016). Following these considerations, we decided to use the HBT as a measure of the
general interoceptive abilities in IBD. However, a recent study by Ferentzi and colleagues
(2018) has suggested that different interoceptive accuracy tasks reveal significant associations
only when belonging to the same sensory modality, indicating HBT as a not specific measure
of gastrointestinal interoceptive accuracy (Ferentzi et al., 2018). In contrast, Whitehead and
Drescher (1980) could show a moderate correlation between heartbeat perception and
perception of gastric contractions, when using the Heartbeat discrimination task, indicating a
generalized tendency to be aware of visceral signals (Whitehead & Drescher, 1980). Since both
cardiac and gastric signals are transmitted to the brain partially through the vagus nerve, it is
conceivable that their perception is closely related. Furthermore, one may critically discuss
whether the correspondence between the observed interoceptive accuracy during the heartbeat
tracking task and the self-reported interoceptive sensibility indeed reflect the construct of
interoceptive awareness (Garfinkel et al., 2015). A recent model proposed by Murphy et al.
(2019) stressed the need for a careful differentiation between individual’s interoceptive
accuracy and interoceptive attention (Murphy et al., 2020; Murphy et al., 2019). Accordingly,
interoceptive awareness of one’s interoceptive accuracy as a metacognitive construct should be
assessed as the relationship between one’s behavioral performance and the corresponding
awareness of particularly this performance, e.g., measured by ratings of the participants’
confidence in the accuracy of their performance. Thus, in the current study the approach to
estimate interoceptive awareness corresponds more closely to the concept of interoceptive

attention as to interoceptive awareness when conceptualized as a metacognitive construct (see
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(Murphy et al., 2019)). In consequence, further studies are required to investigate whether IBD
patients’ interoceptive awareness assessed as confidence ratings on their HBT performance
might be affected. Finally, it should be mentioned that the severity of ACE in the present sample
was only low to moderate (Klinitzke et al., 2012), which might be due to the exclusion of
individuals reporting current or lifetime psychiatric diagnoses. IBD patients reporting moderate
traumatization, but no histories of mental disorders might represent a subgroup of patients with
a less severe IBD course or resilient individuals who exhibited an adaptive coping with the
experiences of traumatization. This restricts the generalizability of our findings to IBD patients
with comorbid mental disorders. Since the significance of childhood traumatization in IBD
might be underestimated in the current sample, our findings on the influence of ACE in IBD

need to be interpreted with caution.

2.1.6 Conclusions

In conclusion, IBD patients did not exhibit changes in the accuracy to perceive bodily signals
such as their heartbeats. Our results demonstrate that the ability to attribute certain
physiological sensations to emotional states intensifies the experience of negative emotions
among IBD patients. As this population is quite prone to emotional distress and emotion
dysregulation, future psychotherapeutic treatments should target patients’ appraisals of
physiological feedback during negative emotional states. Finally, the present findings point
towards the important effect of early life stress on the interaction between mind and body,
suggesting that individuals with histories of childhood traumatization might use their bodily
sensations more efficiently in order to recognize negative emotional content and possible

threats.
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2.1.7 Supplemental material S1

Heart rate and heart rate variability

Repeated measures ANOVA with a between-subjects factor ‘group’ (IBD/HC) and repeated
measures factor ‘time’ (baseline/time) revealed no differences in HR and HRV (RMSSD).

HR:
main effect ‘time’: F(1,64) =1.195, p = .278

main effect ‘group’: F(1,64) =0.416, p = .521
interaction effect ‘time’ x ‘group’: F(1,64) =0.079, p =.780

RMSSD:
main effect ‘time’: F(1,64) =0.191, p = .663

main effect ‘group’: F(1,64) =0.355, p =.554

interaction effect ‘time’ x ‘group’: F(1,64) = 2.215, p = .142

Table S1. Correlations between HR, RMSSD, and CTQ (Pearson’s correlation coefficients), p-

values not corrected for multiple comparisons

Whole sample IBD HC
r P r p r p
HR baseline 199 110 420 019 * -.058 742
HR Pre challenge .038 761 151 401 -.082 .639
HR Post challenge .000 999 057 197 -.073 734
HR Emotion processing 014 913 178 320 -.158 366
RMSSD baseline -.071 574 -.240 194 216 212
RMSSD Pre challenge -.070 573 -.161 370 115 S11
RMSSD Post challenge -.153 304 =376 077 (*) 104 .630
RMSSD Emotion -.021 .863 -.249 162 230 184

processing

M p<.10*p<.05
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2.2 Research Question II | Is it a gut feeling? Bodily sensations associated with
the experience of valence and arousal in patients with inflammatory bowel

disease

An adapted version of this chapter has been submitted as: Atanasova, K., Lotter, T., Bekrater-
Bodmann, R., Kleindienst, N., Reindl, W., & Lis, S. Is it a gut feeling? Bodily sensations
associated with the experience of valence and arousal in patients with inflammatory bowel

disease (in review). Submitted to Frontiers in Psychiatry

2.2.1 Abstract

Background: Previous studies have shown dysfunctional emotion processing in patients with
inflammatory bowel diseases (IBD), characterized by a hypersensitivity to negative emotions
and a hyposensitivity to positive emotions. Models of emotion processing emphasize the
importance of bodily sensations to the experience of emotions. Since there have been no studies
on whether emotion-associated bodily sensations are changed in IBD, we investigated the
experience of bodily sensations related to valence and arousal, together with their links to

emotional awareness, as one domain of interoceptive sensibility relevant to emotion processing.

Methods: Using a topographical self-report measure, 41 IBD patients in clinical remission and
44 healthy control (HC) participants were asked to indicate where and how intensely in their
body they perceive changes when experiencing emotions of positive and negative valence, as
well as relaxation and tension. Additionally, we used self-report questionnaires to assess
emotional awareness as one domain of an individual’s interoceptive sensibility,

gastrointestinal-specific anxiety, and psychological distress.

Results: Patients with IBD reported higher emotional awareness but lower intensities of
perceived changes in their bodily sensations related to valence and arousal of emotional
processing. IBD patients reported less intense bodily activation during positive emotions and
less intense bodily deactivation during negative emotional states in comparison to HC
participants. Higher emotional awareness and psychological distress were linked to stronger

experiences of emotion-related bodily sensations in IBD patients.
Conclusions: IBD patients exhibited alterations in how they link bodily sensations to their

emotional experience. Such persistent changes can affect a patient’s well-being and are related

to higher levels of anxiety and depression among IBD patients, even in remission.
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2.2.2 Introduction

Patients with inflammatory bowel disease (IBD) report poorer quality of life, including
impairments in their physical and mental well-being, than healthy individuals (Knowles et al.,
2018). IBD is often accompanied by increased attention to and anxiety about gastrointestinal
sensations, resulting in greater psychological distress (Bannaga & Selinger, 2015).
Psychological distress and biased emotion experience have been shown to be subjectively and
objectively related to disease activity (Araki et al., 2020; Mawdsley & Rampton, 2005). These
relationships are consistent with the biopsychosocial model of illness, according to which the
disease course affects and is affected by biological, social, and psychological factors, such as
emotions and cognitions (Bevers et al., 2016). The perception of bodily sensations significantly
influences the experience of stress and emotion and has an impact on an individual’s well-being
(Chen et al., 2021; Craig, 2002). Thus, chronic conditions associated with altered visceral and
interoceptive processing, such as gastrointestinal inflammation, might result in impaired

emotional functioning affecting patients’ quality of life (Kano et al., 2020).

Studies on emotional experience in IBD have pointed toward a decreased sensitivity
to positive emotional content (Agostini et al., 2011; Wilkinson et al., 2019) and increased
arousal during negative emotional states (Vianna et al., 2006). According to dimensional
models of emotion, emotions are arranged in a two-dimensional space defined by the
dimensions of valence and arousal (Russell, 1980). Valence refers to the hedonic value of an
emotion, that is, the subjective feeling of pleasantness or unpleasantness. Arousal refers to the
subjective state of feeling relaxation or tension (Barrett, 1998) and represents the level of
autonomic activation that an emotions elicits. Both dimensions influence peoples’ approach—
avoidance behavior: high positive arousal states trigger the appetitive motivational system,
while low negative arousal states are experienced as not rewarding and are therefore avoided
(Lang & Bradley, 2013). An individual’s level of emotional arousal is modulated by
interoceptive processes (Pollatos et al., 2007a). Part of an individual’s interoceptive abilities is
the ability to link the conscious experience of emotions to the physiological sensations
perceived in different regions of the body (Wiens, 2005). A study by Nummenmaa et al. (2014)
showed that the experience of emotions is linked to topographical patterns of activation and
deactivation perceived in the body, suggesting their representation in the somatosensory system
(Nummenmaa et al., 2014; Ruben et al., 2001). Emotional awareness constitutes a distinct
feature of one’s interoceptive sensibility and describes the ability to attribute specific bodily

sensations to physiological manifestations of emotions (Mehling et al., 2012). Although it has
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been shown that IBD patients exhibit certain alterations in both emotion and interoceptive
processing (Atanasova et al., 2021), no study has investigated the role of interoceptive

sensibility in the embodiment of valence and arousal among patients with IBD.

The present study aims to contribute to the understanding of how emotional valence
and arousal are subjectively experienced in the body among patients with IBD and whether
emotion-related sensations, possibly altered by increased anxiety about gastrointestinal
sensations (Garland et al., 2012), are linked to patients’ emotional awareness. Using a
topographical self-report measure adapted from Nummenmaa et al. (2014), we assessed
perceived changes in bodily sensations associated with experiences of positive and negative
valence, as well as tension and relaxation, among patients with IBD and healthy control
participants. We hypothesized that (I1.) IBD patients would report stronger bodily sensations for
negative emotions and more attenuated sensations for positive emotions than healthy control
participants. We also expected that (II.) interoceptive sensibility and gastrointestinal-specific
anxiety would be related to the severity of alterations in emotion-related bodily sensations in
IBD, particularly for negative emotions. To investigate whether these changes show distinct
topographical patterns, especially in body areas strongly related to IBD symptoms, we explored
whether IBD patients exhibit altered bodily sensations in the abdomen related to the experience

of valence and arousal.

2.2.3 Methods

Participants

A total of 86 individuals between 18 and 65 years of age participated in the study. Of these, 42
met the diagnostic criteria for IBD, and 44 were healthy control (HC) participants. We excluded
one participant from the IBD group because of a lack of understanding of the instructions. Thus,
the final sample consisted of 41 IBD patients (20 female, 21 male) and 44 HC participants (30
female, 14 male; Table 3.1). We recruited adults with diagnosed IBD attending the IBD
outpatient unit at the University Medical Center Mannheim. Overall, 29 patients with Crohn’s
disease (CD) and 12 patients with ulcerative colitis (UC) in clinical remission were included.
We focused on examining IBD patients in clinical remission to avoid potentially confounding
effects of active disease symptoms on the measures of emotional experience. Furthermore, we
were interested in examining whether alterations in emotion experience could also be observed

during clinical remission, potentially affecting a patient’s well-being even when acute disease
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symptoms have subsided. CD patients exhibited a mean Harvey—Bradshaw Index score (Harvey
& Bradshaw, 1980) of 1.76 + 1.83 (range: 0-16), and UC patients exhibited a mean Partial
Mayo Score (Schroeder et al., 1987) of 1.58 £ 1.51 (range: 0—7). The average age for disease
onset reported by the patients was 25.54 +10.24 years. The mean disease duration reported by
the patients was 14.65 + 12.64 years. Diagnostic procedures and gastroenterological
examinations were carried out on all patients by fully trained physicians specialized in the care
of patients with IBD. Exclusion criteria were biological signs of disease activity (fecal
calprotectin level > 200 mg/L), current use of corticosteroids, use of psychotropic medications,
and current or past neurological or psychiatric diseases. For further details on sample
characteristics, see Table 3.1. Details on treatment medication, comorbidities, previous
surgeries, and extraintestinal manifestations were collected from medical reports and are

provided in Table S2 in supplemental material S2.

Exclusion criteria for the HC group were chronic medical conditions, chronic
medication intake, use of psychotropic medication, and current or past neurological or
psychiatric diseases, as well as general gastrointestinal complaints during the 4 weeks prior the
experiment. The study was approved by the Ethics Committee of the Medical Faculty
Mannheim at Heidelberg University, and all participants gave their written informed consent
before participating in the study. Please note that a subsample of participants from the IBD and
the healthy control group in this study was also included in another manuscript on interoception

and emotion perception published by our group (see Atanasova et al. (2021)).

All of the participants completed a battery of psychometric questionnaires assessing
psychological distress, interoceptive sensibility, and gastrointestinal-specific anxiety. The
participants then performed a computer-based task, and changes in the participants’ bodily

sensations when experiencing valence and arousal were assessed.

Questionnaires

Brief Symptom Inventory (BSI-18)

To characterize the participants, we assessed psychological distress using the Brief Symptom
Inventory (BSI-18) (Franke et al., 2011). BSI-18 is a self-report measure of somatization,
depression, and anxiety. Scores on three subscales with six items each are combined into a

global symptom severity index (GSI). GSI scores range from 0 to 72 points, and scores on each
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of the three subscales range from 0 to 24 points, with higher scores indicating higher symptom

severity. Cronbach’s alphas for the 18 items were 0.86 for the IBD group and 0.81 for the HC
group.

Affective state

Prior to testing, the current affective states of the participants were evaluated using the state
version of the State—Trait Anxiety Inventory (STAI; Spielberger et al. (1983)). The STAl is a
20-item scale that measures subjective feelings of apprehension, tension, nervousness, worry,
and activation of the autonomic nervous system on a four-point Likert scale. Item scores are
added to obtain the scale total score (which ranges from 20 to 80), with higher scores indicating
higher anxiety. Internal consistency was good, with Cronbach’s a. = 0.76 for the IBD group and
0.90 for the HC group. Arousal, valence, and dominance levels were assessed using the Self-
Assessment Manikin (SAM; Bradley and Lang (1994)). The SAM is a non-verbal pictorial
assessment technique that measures valence/pleasure, perceived arousal, and perceptions of
dominance on a nine-point Likert scale. Higher scores indicate more positive valence, higher

arousal, and higher perceived dominance.

Visceral Sensitivity Index (VSI)

Gastrointestinal-specific anxiety (GSA) was measured using the Visceral sensitivity index
(VSI; Labus et al. (2004)). The 15-item scale assesses worry, fear, vigilance, sensitivity, and
avoidance, as well as gastrointestinal-related cognitions and behaviors. Items are scored on a
reversed six-point scale. The overall VSI score ranges from 0 to 75, with higher scores
indicating more severe GSA. VSI was developed specifically for patients with functional
gastrointestinal disorders and is not suitable for assessment of healthy individuals. For that
reason, we utilized this self-report measure for the IBD group only. The internal consistency of

this scale for the current IBD sample was good, with Cronbach’s a. = 0.89.

Multidimensional Assessment of Interoceptive Awareness (MAIA)

We assessed Emotional Awareness as the feature of interoceptive sensibility that is most
strongly related to the experience of emotions in the body, as it comprises an individual’s
awareness that certain physical sensations are the sensory aspects of emotional states. For this

purpose, we used the Multidimensional Assessment of Interoceptive Awareness (MAIA;
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Mehling et al. (2012)) and its Emotional Awareness subscale, which comprises five items
assessed on a six-point Likert scale. The subscale score is calculated as the mean item score,
with higher scores indicating higher emotional awareness. Emotional Awareness exhibited
acceptable internal consistency, with Cronbach’s o = 0.76 for the IBD group and 0.86 for the
HC group. For further details on the MAIA and its subscales, see the Supplemental Material.

Experimental procedure

Participants were asked to indicate changes in their bodily sensations when they experienced
emotional states of different valence (positive/negative) and arousal (relaxation/tension) during
everyday life, using a topographical self-report method adapted from Nummenmaa et al.
(2014). Initially, participants were familiarized with the task and instructed to evaluate which
bodily regions they typically felt as being activated or deactivated when experiencing a
particular emotional state. Thus, the task did not involve inducing actual emotions by
experimental manipulation. To indicate these changes, participants were asked to color the body
areas where they perceived sensations of activation and deactivation by selecting a color from
a nine-point color bar ranging from blue (-4 = “very strong deactivation™) to red (+4 = “very
strong activation”) (see Figure S1, supplemental material S2). Participants indicated their
responses by painting the bodily regions using successive strokes on the presented body
templates. If they did not perceive any changes in some parts of the body, participants were
instructed to leave these uncolored. The four instructions (positive emotions, negative
emotions, relaxation, tension) were presented in a pseudorandomized order. The task was
presented on a 14” computer screen. The front and back body templates comprised 366 x 195
pixels, and the diameter of the painting tool was 13 pixels. The task was programmed using the
Presentation® software (Version 20.1, Neurobehavioral Systems, Inc., Berkeley, CA,

WWWw.neurobs.com).

Dependent variables

For each participant and trial, color code values (ranging from -4 to +4) were stored in a numeric
array for each pixel of the body templates and spatially smoothed by averaging the color code
value of each pixel and its surrounding pixels (+ 3 pixels).

To assess changes in bodily sensations, we calculated a) a change score representing the average
of the absolute values of the pixels and b) a change score across those pixels that indicated

either a deactivation or an activation. This procedure was conducted for all pixels of the body
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templates to derive a global whole-body score, as well as for different regions of interest (ROIs).
The ROIs were predefined based on the findings of Nummenmaa et al. (2014) and included the
head, chest, arms, abdomen, legs, and back as separate body regions (see supplemental material
S2, Figure S2). Whole-body and ROI analyses were performed using custom pipelines run with
MATLAB 2020a (The MathWorks, Inc.).

Table 3.1. Sample characteristics

HC (M+£SD) IBD (M£SD) Test- p-value
statistics

Demographics
Age 36.11  £12.29 40.20 +13.87 1.44% 0.154
Sex (female/male) 30/14 20/21 3.30°  0.069
BMI 2416  +£4.72 26.65 =£6.46 1.99% 0.050 (*)
Years of education 12.84 +2.40 12.32  +£3.01 -0.89* 0.376
MWT-B 30.09  +£3.60 29.84 =+3.57 -0.77% 0.443
Affective state
STAI Anxiety (state) 32.66  +8.20 33.13 +£5.28 0.31* 0.754
SAM-Valence 377  £0.85 375 £0.98 -0.11* 0911
SAM-Arousal 198  +£0.86 234 +1.00 1.78* 0.079
SAM-Dominance 3.68  £0.66 3.63 +0.98 -3.41*  0.734
Psychological distress
GSI 2242 +£491 2897 =£9.26 3.66% 0.001 **
Somatization 6.74 £1.27 9.97 +3.51 531% <0.001 ***
Depression 7.58 +2.81 922 +£3.97 1.85% 0.068 (*)
Anxiety 8.09 £2.22 9.78 +£3.65 245* 0.017 *
Interoceptive sensibility
Emotional Awareness 2.77  £0.88 332 +£0.92 0.56* 0.006 **
Gastrointestinal-specific anxiety
VSI - - 27.42 +15.28 - -

IBD, inflammatory bowel diseases group; HC, healthy control group; BMI, Body-Mass Index;
MWT-B, Multiple Choice Word Test-B; STAI, State-Trait Anxiety Inventory; SAM, Self-
Assessment Manikin; GSI, General symptom index; Emotional Awareness: subscale of the
Multidimensional Assessment of Interoceptive Awareness; VSI, Visceral sensitivity index.

(*) p<0.10, * p <0.05, ** p < 0.01, *** p <0.001, ? t-value, ® Chi?.
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Data analysis

The dependent variables were analyzed separately for the experience of valence and arousal
using mixed-effects analysis-of-variance designs (mixed-effects ANOVAs). Testing for
normality of residuals (Kolmogorov—Smirnov test, visual inspection of Q—Q plots) revealed
that the normality assumptions underlying parametric analyses were violated. Therefore, a non-
parametric approach was employed, using a rank-aligned ANOVA (Kay & Wobbrock, 2019;
Wobbrock et al., 2011). Global change scores were analyzed in 2 % 2 designs with the between-
subjects factor “group” (IBD/HC) and an additional experimental factor, i.e., “valence”
(positive/negative) in one case and “arousal” (relaxation/tension) in another. To analyze more
specifically the changes in activation and deactivation, we extended these designs by an
additional within-subject “type of change” (activation/deactivation) factor, resulting in two 2 x
2 x 2-mixed ANOVA designs. To further characterize the effects in the ANOVA designs, post
hoc comparisons were conducted using ANOVA sub-designs and pairwise comparisons. To
investigate the links between participants’ emotion-related bodily sensations, gastrointestinal-
specific anxiety, and emotional awareness, Spearman’s rank correlation coefficients were
calculated. In addition to our preregistered analyses (see below), ROI scores for the experience
of valence and arousal in distinct parts of the body were analyzed using exploratory 2 x 2 x 2
rank-aligned ANOVA designs with the same factors as those used in the whole-body analyses.
The statistical analyses were carried out using SPSS v.27.0 (IBM Corp., USA) and the ARTool
package implemented in RStudio v.1.2.1335 (RStudio, PBC, Boston, MA,
http://www.rstudio.com/). The significance level was set to p < 0.05. To control for multiple
testing in the correlation analyses, we applied a false-discovery rate (FDR) correction, as
recommended by Benjamini and Hochberg (1995), and we reported the corresponding p-values,

denoted as prpr. For all analyses of an exploratory nature, uncorrected p-values are reported.

Preregistration

The hypotheses, sample size, methods, exclusion criteria, and planned analyses were
preregistered before data collection and can be accessed at
https://aspredicted.org/blind.php?x=hu4n7k. According to our preregistration, a sample size of
120 participants was planned. However, because of the Covid-19 outbreak and pandemic-
related restrictions, the number of participants was reduced. All remaining aspects of the study
were carried out in accordance with the pre-registered protocol unless stated otherwise. Note

that because of length restrictions, only data on emotional experience of valence and arousal
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are reported in this manuscript. Data on body image perception and the experience of specific

emotions, as described in the same preregistration, are reported in separate articles.

2.2.4 Results

Positive and negative valence

Whole-body sensations

IBD patients reported significantly less perceived change in their bodily sensations compared
to HC (main effect “group”: F183 = 6.90, p = 0.010), without a difference between positive and
negative emotions (main effect “valence”: Fi,83 = 0.23, p = 0.635; group*valence: F1 g3 <0.01,

p = 0.988; Figure 6).

Separating the changes in bodily activation and deactivation revealed that differences
between the groups depended on whether the participants judged activation or deactivation for
positive or negative emotions (group*valence*type of change: Fio4 = 6.47, p = 0.012).
Decomposing the design into 2 x 2 ANOVA sub-designs revealed a significant group difference
for bodily deactivation, influenced by the emotional valence (group*valence: Fi 83 = 9.56, p =
0.003): Compared with HC, IBD patients reported a smaller difference in the perceived
deactivation between positive and negative emotions (p = 0.005), caused by a lower
deactivation associated with negative emotions (p = 0.015, positive emotions: p = 0.746; see
Figure 1). For bodily activation, the groups differed depending on the emotional valence at a
trend-level significance level (2 X 2 ANOVA sub-design for activation: main effect “group”:
Fi33=4.84, p=0.031; group*valence: F1g3 = 3.81, p = 0.054). Compared with HC, the IBD
group reported a smaller difference between positive and negative emotions (p = 0.018). This
effect was caused by a significantly lower bodily activation during positive emotions (p =
0.015) but not during negative emotions in the IBD group (p = 0.587; see Figure 1). All main
and interaction effects are reported in Table 3.2 but are not further described because of their

restricted interpretability caused by higher-order interaction effects.
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Figure 6. Perceived levels of overall changes in the body (A), sensations of activation (B), and
sensations of deactivation (C) in the body during the experience of positive and negative

emotions in HC (n =44) and IBD (n =41). * p <0.05

Exploratory ROI analyses

Statistical analyses of the ROI scores revealed that the groups differed only in the overall
change in their bodily sensations experienced in the back (main effect “group”: Fis3 = 7.75, p
=0.007), with IBD patients reporting less change of sensation in this area compared to HC (see

Table S3, supplemental material S2).

IBD and HC participants differed in their differentiation between bodily activation and
deactivation depending on whether they evaluated positive or negative emotions. This pattern
was observed for the chest, legs, and back, as well as at trend-level significance levels for the
head, arms, and abdomen (group*valence*type of change; see Table 3.3). 2 x 2 ANOVA sub-
designs revealed that compared to HC, IBD patients reported smaller differences in their bodily
deactivation between positive and negative emotions for the head, chest, arms, back, and
abdomen (all ps < 0.03), resulting from a lower perceived deactivation during negative
emotions (all ps < 0.044) but not during positive emotions (all ps > 0.890; see Figure 7). For
body activation, the two groups differed significantly, with IBD patients reporting less
perceived activation in the back and legs, independent of the emotional valence (2 x 2 ANOVA
sub-design for activation: main effects “group”: all ps < 0.014; group*valence: ps = 0.081). For

further details, see Figure S3, supplemental material S2.
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Arousal: relaxation and tension

Whole-body emotion-associated sensations

IBD patients reported less perceived change in their bodily sensations related to the experience
of arousal (main effect “group”: Fig3 = 10.20, p = 0.002) without a difference between the
experiences of relaxation and tension (group*arousal: Fig3 = 0.52, p = 0.474; main effect
“arousal”: F1 83 = 0.52, p = 0.474). The medians and data ranges for these conditions are shown

in Figure 8.

When separating the effects of bodily activation and deactivation, analyses showed a
significant effect of the type of change on the group difference for relaxation and tension
(group*arousal*type of change: F'1249 = 7.06, p = 0.008). 2 x 2 ANOVA sub-designs revealed
a significant group difference for the perceived bodily deactivation, depending on whether
participants evaluated relaxation or tension (group*arousal: F 83 = 6.05, p = 0.016). Compared
to HC, IBD patients reported a smaller difference in the experienced bodily deactivation during
relaxation and tension (p = 0.001). For bodily activation, the two groups differed significantly
depending on whether relaxation or tension was evaluated (2 x 2 ANOVA sub-design for
activation: group*arousal: F1 83 = 9.39, p = 0.003): Compared to HC, the IBD group exhibited
a smaller difference in their experienced bodily activation for relaxation and tension, resulting
from a significantly lower perceived activation during tension (p = 0.002; Figure 9) but not

during relaxation (p = 0.152). For further details, see Table 3.2.

65



Change score

Empirical findings

HC
w
<
2
S
15} \
=
L
2
=
(7]
S
a
HC
2]
=
K]
s -
=
L
%]
=
s
f=2]
[}
=

Activation

IBD

HC

HC

Deactivation

IBD

IBD

Figure 7. Whole-body topographies visualizing the perceived activation and deactivation for

the experience of positive and negative emotions in IBD patients and HC (0 = “no

activation/deactivation”; 4 = “very strong activation/deactivation”).

A B c
4- 3 * 4 B
B a3l
o
3- | ! 3
i R ! N M
! b 2k | g
© |
4 s ¢ b
| i 'y c
2- : H | c ! N g2 -
H H B 2 ¥ : : s '
! i 3 H £ |
: ! ! : g | . ; i | :
B : § : < . o Cl i 3
4 . 1 K 1y | .
4 h N ¢ H > 3 / : 1 ) N
r \ s . Vg ) ) EaY : 4
\s/ . \e/ ¢ : /N ¢ $ ?
ol I ¢ § o 8
JER 3 /AR i g - . )
\i/ £ | — i S =4 g/ H H
i DA S o & O <L . = e LN
: ) P B 7 ) >®4 O {
0 & ) o ® [a=al C 1 =
HC 1BD HC 18D HC 18D HC 1BD HC 1BD HC 18D
Relaxation Tension Relaxation Tension Relaxation Tension
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HC (n=44) and IBD (n =41).
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Table 3.2 Results of the 2 x 2 x 2 rank-aligned ANOVA for whole-body valence and arousal

scores
/7 df p-value ioE

Valence
Group 7.95 1/83 0.006 ok 0.082
Emotional valence 3.69 1/249 0.056 (*) 0.002
Type of change 107.91 1/249 <0.001 otk 0.043
Group*Emotional valence 0.14 1/249 0.707 0.011
Group*Type of change 1.08 1/249 0.300 <0.001
Emotional valence*Type of change 18.53 1/249 <0.001 oAk 0.073
Group*Emotional valence*Type of 6.47 1/249 0.012 * 0.025
change
Arousal
Group 1294  1/83 <0.001 ok 0.133
Arousal 4.03  1/249 0.046 * 0.029
Type of change 7.01 1/249 0.009 *x 0.203
Group*Arousal 0.00 1/249 0.956 <0.010
Group*Type of change 2.82  1/249 0.094 *) 0.007
Arousal*Type of change 56.16 1/249 <0.001 otk 0.252
Group*Arousal*Type of change 7.06 1/249 0.008 *x 0.006

(*) non-significant trend, * p < 0.05, ** p <0.01, *** p <0.001

Exploratory ROI analyses

IBD patients reported less perceived change in their bodily sensations across all ROIs (all main
effects “group”: ps < 0.044), except for the abdomen (p = 0.987; see Table S3, supplemental

material S2).

For the head and the arms, the statistical analysis results showed that the differences
between the two groups were influenced by whether the participants judged changes to be
linked to relaxation or tension and activation or deactivation (group*arousal*type of change,
see Table 3.3). 2 x 2 ANOVA sub-designs showed that the group difference in bodily
deactivation and activation was influenced by whether relaxation or tension was evaluated
(group*arousal for deactivation: ps < 0.003; activation: ps < 0.011). Compared to HC, IBD

patients exhibited a significantly smaller difference in their perceived bodily deactivation
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during relaxation and tension (all ps < 0.005), caused by less perceived deactivation for
relaxation in the head and arms in IBD (ps < 0.097; see Figure 9). For bodily activation, the
difference between relaxation and tension was significantly smaller in the IBD group than in
the HC group (ps <0.001): IBD patients reported significantly lower levels of activation during
tension than those in the HC group (ps < 0.009). For further details, see Figure S4 in

supplemental material S2.
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Figure 9. Whole-body topographies visualizing perceived activation and deactivation for the
experiences of relaxation and tension in IBD patients and HC participants (0 = “no

activation/deactivation”; 4 = “very strong activation/deactivation”).
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Table 3.3 Interaction effects between the factors “Group” (IBD/HC), “Valence”
(positive/negative), “Arousal” (relaxed/tensed), and “Type of change” (activation/deactivation)

for all predefined ROL.

Valence Arousal
Group*Valence*Type of change Group*Arousal*Type of change

Fi, 240 )4 F1, 249 %
Abdomen 3.46 0.064 (*) 0.67 414
Head 2.76 0.098 (*) 11.56 <0.001 ook
Chest 6.37 0.012 * 2.46 0.118
Arms 3.04 0.082 (*) 7.09 0.008 *x
Legs 6.31 0.013 * 1.88 0.171
Back 3.92 0.049 * 2.18 0.141

*p <0.05, ** p <0.01, *** p <0.001; for details on the other experimental factors, see the

supplemental material S2, Table S4.

Correlations between emotion-associated bodily sensations and interoceptive sensibility

or gastrointestinal-specific anxiety

Emotional awareness

While changes in bodily sensations for valence and arousal were stronger in participants
reporting higher levels of emotional awareness, there were no differences between the groups

in these relationships. For further details, see Table S5, supplementary material S2.

Valence: In the differentiation between bodily activation and deactivation, higher emotional
awareness was linked to greater bodily activation for the experience of positive emotions only
for the IBD group (IBD: 7, = 0.462, p = 0.002, prpr = 0.004; HC: 7, = 0.116, p = 0.454, prpr =
0.454, comparison between groups: Z = 1.702, p = 0.044). In contrast, higher emotional
awareness was linked to stronger bodily activations to a comparable extent for both groups
(IBD: r,=0.381, p = 0.014, prpr = 0.028; HC: s = 0.304, p = 0.045, prpr = 0.090, comparison
between groups Z = 0.388, p = 0.349).
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Arousal: Higher emotional awareness was associated with higher levels of bodily activation
during tension in the IBD group at trend-level significance. The two groups did not differ in the
strength of this association (IBD: 7, =0.339, p = 0.030, prpr = 0.060; HC: r,=0.284, p = 0.062,
pror=0.124; Z=0.271, p = 0.393). No significant associations were found for relaxation (IBD:
rs=0.188,p=0.238, pror=0.238; HC: r,=0.271, p=0.076, prpr = 0.152; comparison between
groups: Z =-0.389, p = 0.348).

There were no significant associations between emotional awareness and perceived bodily

deactivation for either valence or arousal for either group (all prpr > 0.426).

Gastrointestinal-specific anxiety (GSA)

For the IBD group, the correlation analysis results revealed no significant associations between
GSA and patients’ perceived bodily sensations related to the experience of valence and arousal

(all prpr > 0.252).

Anxiety and depression symptoms

Although all IBD patients met the criteria for clinical remission, they reported higher levels of
anxiety and — at least on a descriptive level — depression than the HC participants (see Table
3.1). Therefore, we performed additional correlation analyses to explore whether symptoms of
anxiety and depression are related to the experience of valence and arousal in the body. In the
IBD group, greater anxiety and depression were associated with higher bodily activation during
negative emotions (all ps <0.001) and tension (all ps <0.011) and higher levels of deactivation
when feeling relaxed (all ps < 0.019). For further details, see supplementary material S2, Table
Ss.

2.2.5 Discussion

How bodily sensations are perceived and evaluated in the context of emotional experiences is
essential to the way people perceive emotions in everyday life and — in the case of IBD —
ultimately how these influence a patient’s quality of life. Therefore, the main objective of this
study was to investigate the potential alterations in emotion-related bodily sensations and their
links to interoceptive sensibility and gastrointestinal-specific anxiety (GSA) in remitted IBD
patients in comparison to healthy individuals. Based on the dimensional model of emotion

(Russell, 1980), we investigated how the two dimensions of valence and arousal are
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experienced in an embodied way by examining perceived bodily activation and deactivation

during positive and negative emotions, relaxation, and tension.

Compared to healthy individuals, patients with IBD reported less intense bodily changes
associated with the experience of valence and arousal. Moreover, IBD patients varied
differently in their perceived sensations of the opposite poles of these dimensions, that is,
positive and negative emotions for valence and relaxation and tension for arousal, respectively.
Our findings support the need for fine-grained analysis to capture the complex changes in
emotion-related bodily sensations, since group differences depend on whether participants
evaluate perceived activation or deactivation in different areas of the body. For IBD patients,
the patterns of bodily activation and deactivation reported for positive and negative emotions,
as well as for relaxation and tension, were more similar than these observed among healthy
individuals. The reduced bodily activation during negative and highly arousing emotional states
reported for the IBD group might suggest less intense and thereby less distressing emotional
experience. However, lower levels of activation linked to positive emotions and decreased
deactivation during relaxation might point to detrimental alterations in these domains of
emotional experience, which might be of particular importance for patients’ well-being. Finally,
we found that anxiety and depression modulate the experience of valence and arousal in the
body. Our results highlight the connection between psychological distress and the experience

of emotions in IBD patients.

Experience of valence in the body

Overall, IBD patients exhibited significantly less change in their bodily sensations associated
with the embodiment of valence and arousal. Despite the higher levels of subjectively perceived
emotional awareness observed in the IBD group, when asked to identify emotion-related
changes in their bodies, patients reported less intense experiences of bodily activation and
deactivation compared to healthy individuals. This finding may indicate that patients with IBD
are less able to differentiate between the bodily sensations linked to specific emotion

experiences.

Compared to HC, IBD patients reported significantly less deactivation perceived during
negative emotions and less bodily activation for positive emotions. We observed decreased
body deactivation during negative emotional states in IBD for several body areas, including the
one most affected by IBD symptoms, that is, the abdomen, as well as other less directly disease-

related body regions. Thus, altered experience of negative emotions in the body is not limited
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only to body regions associated with aberrant physiological feedback in IBD, such as gastric
sensations, for example, as initially expected. In contrast to Vianna et al. (2006), who suggested
that emotional dysfunctions occur only for acute IBD patients, we found differences in how
emotions are experienced among remitted IBD patients. More precisely, our findings of less
activation during positive emotional states suggest decreased sensitivity to positive emotional
content among patients with IBD. Previous studies have suggested functional alterations in
brain regions associated with the processing of affective information (Agostini et al., 2011) and
visceral signals in IBD patients (Fan et al., 2020; Mayer et al., 2005). Therefore, impaired
integration of affective and visceral signals in IBD patients could result in less intense
experience of positive emotions, leading to more depressive symptoms (Leppédnen, 2006),
which can in turn affect the course of the disease (Wilkinson et al., 2019). As these findings
indicate persistent alterations in the experience of positive emotions, even in the remitted stage
of the disorder, it might be useful to coach patients to notice sensations of activation in the body
specifically related to positive emotions. Psychotherapeutic approaches, such as mindfulness-
based stress reduction (Kabat-Zinn, 2003), emphasize the focus on bodily sensations and the
appraisal of those sensations as crucial to an individual’s coping with stress and emotions (de
Jong et al., 2016; Garland et al., 2012; Lutz et al., 2013). Such interventions are believed to
enhance an individual’s sensitivity to body-related emotional information and to encourage the
implementation of skillful strategies for coping with difficult emotions. Short interoceptively
focused interventions can be applied to train patients to localize changes in their visceral
sensations and learn to perceive emotion-specific changes in their bodily sensations, focusing
on particular body areas (e.g., gut or heart) (Davey et al., 2020; Fischer et al., 2017). Mind—
body interventions can improve patients’ ability to evaluate visceral sensations associated with
emotional events and detect the potential need to implement regulatory strategies to cope with
these emotions. By modifying how patients attend to their interoceptive signals, elicited by
emotional triggers, and providing them with adaptive emotion regulation skills, mind—body
interventions can improve patients’ flexibility in perceiving emotions, even during stressful

situations (Ardi et al., 2021; Wynne et al., 2019).

Experience of arousal in the body

Our results show that, with respect to arousal, IBD patients perceive less bodily activation
during tension than HC, while noticing smaller differences in deactivation experienced during
relaxation and tension. In contrast to valence, this pattern was reported only for body areas not

directly related to IBD symptomatology. Despite patients’ lower levels of bodily activation
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when feeling tense, our results indicate that patients with IBD perceive less bodily deactivation
during relaxation and therefore less successfully reduce perceived stress and tension (Jacobson,
1938; Pawlow & Jones, 2002). This result indicates that IBD patients may benefit from
practicing relaxation techniques, such as autogenic training or progressive muscle relaxation,
in order to better differentiate between bodily sensations caused by tension and relaxation
(Jacobson, 1938; Schultz & Luthe, 1959). Previous studies have shown the positive effects of
such interventions on stress reduction in psychosomatic disorders, suggesting potential benefits
for IBD patients’ mental and physical well-being (Shah et al., 2020). Few clinical trials on the
effects of mind-body approaches to IBD management have demonstrated positive effects of
interoceptively focused exercises, such as body scanning, mindful breathing, and yoga, on
patients’ anxiety and depression symptoms (Ewais et al., 2020; Hood & Jedel, 2017; Neilson
etal., 2015; Wilke et al., 2021). Taken together, these findings could indicate that psychological
interventions targeting the link between body and emotion perceptions could be used to treat or
even prevent mental health problems in high-risk individuals, such as those with active IBD

symptoms.

Our findings of significantly less intense perceived bodily sensations associated with
valence and arousal may indicate the use of emotional avoidance as an emotion regulation
strategy among IBD patients. A more detached bodily experience of emotions may allow
patients to avoid confronting overly intense physiological sensations and thereby reduce
psychological distress. Consistent with this interpretation, a recent study by Banovic et al.
(2020) found stronger emotional avoidance and emotional suppression among Crohn’s disease
patients than among healthy controls (Banovic et al., 2020). However, another explanation for
our results could be the use of distraction as a regulatory strategy. Contemporary findings point
to the benefits of different emotion regulation mechanisms depending on the intensity of the
emotional state (Sheppes et al., 2014). While cognitive reappraisal is thought to be more
adaptive in the case of low negative emotional intensities, distraction is preferable when
individuals face emotions of high intensity (Sheppes, 2020). As high emotional intensity
usually results in greater activation of the autonomic nervous system, it is conceivable that
individuals who are more sensitive to these physiological changes may prefer to use distraction
to cope with highly arousing emotions (Ardi et al., 2021). Future studies should investigate
whether altered processing of bodily sensations is linked to different emotion regulation
strategies and whether these are differentially advantageous for coping with disease-related
psychological distress and IBD symptoms. Such research might improve our understanding of

the mechanisms underlying the interplay between emotion regulation and the experience of
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emotions in the body and thereby facilitate the development of personalized psychotherapeutic

interventions for IBD.

Correlations with interoceptive sensibility, gastrointestinal-specific anxiety, and psychological

distress

IBD patients reporting higher levels of emotional awareness, that is, a feature of one’s
interoceptive sensibility, exhibit increased bodily sensations during positive and negative
emotions, as well as tension (Schuette et al., 2020). The effects of interoception on emotional
experience have been discussed repeatedly in the literature, suggesting that interoceptively
aware individuals report higher emotional intensity and arousal (Barrett et al., 2004; Herbert et
al., 2007). IBD patients exhibiting higher emotional awareness also report higher levels of
bodily activation during positive emotions. Thus, our findings support the hypothesis that the
ability to notice bodily changes related to affective states can also have beneficial effects in
clinical samples. Although positive valence is associated with less perceived bodily activation
in IBD patients, greater awareness of the connection between physiological sensations and
emotions can positively affect the experience of positive emotions. One possible explanation
for this effect might be that body- and emotion-related processes share common neural
underpinnings (Zaki et al., 2012), playing crucial roles in the integration of interoceptive and
emotional cues (Berntson & Khalsa, 2021; Critchley & Harrison, 2013). Critchley et al. (2004)
demonstrated that representations of internal bodily sensations in the insula are crucial for the
conscious experience of emotions. This suggests that somato-visceral information influences
emotion perception in a bottom-up way, indicating that individuals who are more aware of their

bodily signals exhibit higher emotional awareness and thus perceive more intense emotions.

Our results did not reveal any associations between gastrointestinal-specific anxiety
(GSA) and emotion experience in the body. In contrast to GSA, which solely reflects patients’
disease-related cognitions, more pronounced general anxiety and depression symptoms were
linked to greater bodily activation during positive and negative emotions. This finding is in line
with previous evidence that suggests that highly anxious individuals experience emotions in a
more intense and threatening way (Paulus & Stein, 2010). As acute disease activity is normally
linked to higher levels of anxiety and depression, this result might indicate that among acute
IBD patients, increased emotion-related bodily sensations linked to psychological distress
might result in exaggerated emotion perception having detrimental effects on patients’ stress

levels, at least for those patients with psychiatric co-morbidities (Hu et al., 2021).
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Given these new findings regarding the role of bodily sensations related to the
experience of valence and arousal in IBD, the implementation of interoceptively focused
techniques to improve patients’ emotion experience through greater bodily awareness as a
supplementary part of patients’ treatment might be of particular importance. Our results raise
the possibility that psychological interventions aimed at the improvement of emotion
perception in IBD could provide patients with useful skills for engaging with their emotions.
As impairments in emotion perception have been shown to be part of the link between disease
severity and depression, such supplementary interventions could improve the quality of life for

IBD patients.

Limitations

Some limitations of the present study have to be addressed. First, as we did not include a clinical
control group (e.g., irritable bowel syndrome), we cannot conclude that our findings are limited
only to IBD or that they may represent a transdiagnostic feature across several gastrointestinal
disorders or even across somatic and mental disorders. Second, we did not directly induce any
emotional states but rather asked participants to indicate changes in their bodily sensations
based on what they typically perceive when experiencing the presented emotional state. Thus,
the participants’ judgments resulted from their recollections of bodily sensations during
emotional states in the past. This recall process might be biased by one’s current mood or by
recalling only recent situations. Therefore, future studies need to control for these effects by
asking participants to indicate their bodily sensations during direct emotion induction.
Furthermore, interoception-related features were assessed only via self-report measures, which
often do not correspond to participant’s actual interoceptive abilities (Murphy et al., 2020;
Murphy et al., 2019). Finally, we cannot draw conclusions regarding the direction of causality

of any of the observed associations because of the cross-sectional design of the study.

2.2.6 Conclusions

Our results indicate that IBD is associated with lower intensities of perceived changes in the
body related to emotional valence and arousal. The diminished perception of bodily activation
and deactivation might be the result of emotion avoidance or distraction as coping strategies
among patients with IBD. Our findings suggest that IBD patients might benefit from
interventions focusing on the link between physical sensations and emotional feelings and
specifically targeting the perception of bodily activation during positive emotions and bodily

deactivation during relaxation.
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2.2.7 Supplemental material S2

Table S2. Disease-related characteristics of the recruited IBD patients (N = 41)

IBD medication (IN)

Biologics 40
Mesalazine 1
Mean age at disease onset 25.54 £10.24
Mean disease duration (yrs) 14.65 + 12.64

Other somatic condition (IN)

Pulmonary embolism 2
Pancreatitis 2
Diabetes 1
Chronic cystitis 1
Thrombocythemia 1
Asthma bronchiale 1
Hypothyoroidism 2

BD-related surgeries (N)

No surgeries 19
Ileal resection 9
Fistula removal 8
Abscess 5

Extraintestinal manifestations (N)

Entheropathic arthritis 6

Dermatitis 4
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Interoceptive sensibility: Multidimensional Assessment of Interoceptive Awareness

(MAIA)

The 32 items self-report questionnaire measures subjective interoceptive abilities as a complex
construct involving attentional and emotional processes. MAIA provides a multidimensional
profile of body awareness including following eight subscales: Noticing, Not-Distracting, Not-
Worrying, Attention Regulation, Emotional Awareness, Self-Regulation, Body Listening and
Trusting. With respect to interoceptive sensibility, the Emotional awareness subscale assesses
individual’s awareness of the connection between bodily sensations and emotional states (item
example: “I notice how my body changes when I am angry”’) (Mehling et al., 2012). The scores
of all subscales range between 0 and 5 with higher scores indicating greater interoceptive
sensibility.

Mehling, W. E., Price, C., Daubenmier, J. J., Acree, M., Bartmess, E., & Stewart, A. (2012).
The Multidimensional Assessment of Interoceptive Awareness (MAIA). PLoS One,
7(11), e48230. https://doi.org/10.1371/journal.pone.0048230

How is the activation in your body changing when you are experiencing

Positive emotions?

is strongly right

increasing

is strongly
decreasing

Figure S1. Experimental task overview. Participants were asked to color the body areas they
feel becoming more activated or deactivated by selecting a color from a 9-point color bar

ranging from blue (- 4 = “very strong deactivation”) to red (4 = “very strong activation™).
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front back

] Head
N Chest
: Abdomen
IR S Legs
: ' ’ - Back

Figure S2. Pre-defined regions of interest (ROI). ROI included the head, chest, arms, abdomen,

legs, and the back of the presented body template.
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Table S3. Results of 2 x 2 mixed-effects ANOVA designs with factors “group” (IBD/HC) and
the additional factor “valence” (positive/negative emotions) or “arousal” (relaxation/tension)

on the overall perceived changes in the body for ROIs.

Dimension: Valence Dimension: Arousal
Fi83 p-value Fig3 p-value
Abdomen
Group 0.29 .595 0.00 987
dimension 0.54 464 0.55 458
Group*dimension 0.15 .697 0.57 451
Head
Group 2.97 089 (¥ 4.17 044 =
dimension 3.53 .064 *) 0.05 821
Group*dimension 2.27 135 0.03 872
Chest
Group 3.36 069 (%) 5.99 016 *
dimension 2.55 114 7.06 009 **
Group*dimension 1.08 301 2.35 129
Arms
Group 3.61 061 *) 8.69 004 **
dimension 1.46 230 8.83 004  **
Group*dimension 0.53 470 3.43 .068
Legs
Group 3.34 071 *) 4.70 033 =
dimension 0.04 .847 2.89 093 (%)
Group*dimension 0.48 492 1.36 248
Back
Group 7.75 007  ** 8.53 005 **
dimension 0.35 554 6.23 015 =*
Group*dimension 0.65 424 1.40 241

Notes: statistically significant effects including the factor ‘group’ are marked in bold.

(*)p<.10,* p<.05,** p<.01
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Table S4. Results of the 2 % 2 x 2 mixed-effects ANOVA designs on the ROIs scores.

Dimension: Valence

Dimension: Arousal

F df p-value F df p-value
Abdomen
Group 3.07 1/83 .084 *) 0.30 1/83 .582
Dimension 1.12 1/249 292 9.62 1/249 .002 woH
Type of change 76.79 1/249 .001 wAK 28.16 17249  <.001 HAK
Group*Dimension 5.88 1/249 016 * 0.16 1/249 .691
Group* 5.94 1/249 016 * 1.18 1/249 279
Type of change
Dimension* 2.28 1/249 132 36.69 1/249  <.001 oAk
Type of change
Group*Dimension* 3.46 1/249 064 *) .67 1/249 414
Type of change
Head
Group 2.10 1/83 151 8.69 1/83 004 wE
Dimension 13.98 1/249 .001 Ak 8.39 1/249 .004 woH
Type of change 254.50 1/249 .001 Ak 2.82 1/249 .094 *
Group*Dimension 0.04 1/249 .839 3.24 1/249 073 *)
Group* 13.69 1/249 .001 kk 3.56 1/249 .061 *)
Type of change
Dimension* 5.10 1/249 .025 * 52.04 1/249  <.001 oAk
Type of change
Group*Dimension* 2.76 1/249 .098 *) 11.56 1249 <.001 kk
Type of change
Chest
Group 3.26 1/83 075 *) 4.72 1/83 .033 *
Dimension 16.71 1/249 .001 R 5.17 1/249 .024 *
Type of change 129.67 1/249 .001 R 32.25 1/249  <.001 oAk
Group*Dimension 2.68 1/249 .103 0.08 1/249 779
Group* 1.57 1/249 211 3.27 1/249 071 *)
Type of change
Dimension* 9.10 1/249 .003 woH 39.02 1/249  <.001 Ak
Type of change
Group*Dimension* 6.37 1/249 012 * 2.46 1/249 118
Type of change
Arms
Group 2.87 1/83 094 *) 8.61 1/83 004 ok
Dimension 0.50 1/249 479 4.72 1/249 .031 *
Type of change 10.34 1/249 .001 woH 0.043 1/249 .836
Group*Dimension 0.86 1/249 354 432 1/249 Sl
Group* 0.52 1/249 472 2.05 1/249 154
Type of change
Dimension* 1.52 1/249 218 38.34 1/249  <.001 oAk
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Type of change

Group*Dimension* 3.04 1/249 .082 *) 7.09 1/249 .008 wE
Type of change

Legs

Group 9.72 1/83 .002 ok 1.52 1/83 221
Dimension 0.14 1/249 710 7.36 1/249 .007 wE
Type of change 1.05 1/249 .308 2.17 1/249 142
Group*Dimension 0.08 1/249 77 0.77 1/249 .380

Group* 0.70 1/249 403 2.39 1/249 123

Type of change

Dimension* 9.41 1/249 .002 woH 6.47 1/249 .012 *
Type of change

Group*Dimension* 6.31 1/249 013 * 1.88 1/249 171

Type of change

Back

Group 16.57 1/83 .001 Rk 6.11 1/83 015 *
Dimension 1.92 1/249 167 3.88 1/249 .050 *
Type of change 63.01 1/249 .001 Ak 13.15 1/249 .001 oAk
Group*Dimension 1.52 1/249 219 0.75 1/249 .386
Group* 19.69 1/249 .001 kk 3.85 1/249 .051 *)
Type of change

Dimension* 1.56 1/249 212 48.85 1/249 .001 oAk
Type of change

Group*Dimension* 3.92 1/249 .049 * 2.17 1/249 141

Type of change

Notes: Main and interaction effects including the factor ‘group’ are marked in bold.

(M) p<.10,* p<.05, ** p < .01, *** p < .001
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Positive Emotions
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Figure S3. Means and standard deviations of the reported overall perceived bodily changes,
activation, and deactivation in all pre-defined regions of interest for positive emotions (left plot)

and negative emotions (right plot). Red bars indicate IBD group, white bars indicate HC group.
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Figure S4. Means and standard deviations of the reported overall perceived bodily changes,
activation, and deactivation in all pre-defined regions of interest for relaxation (left plot) and

tension (right plot). Red bars indicate IBD group, white bars indicate HC group.

82



Empirical findings

Table S5. Correlations between emotional awareness and general bodily changes.

IBD HC IBD vs. HC

rs P FDR rs P FDR VA p
Emotional awareness
Valence
Positive emotions 461 .004 * 154 317 1.53  .064 (*)
Negative emotions 393 011 * 322 .066 (%) 0.36 359
Arousal
Relaxation 310 .049 * 424 .008 * -0.59 279
Tension 356 .044 * 282 .064 (*) 0.37 357

FDR, false discovery rate, (*) p < .10, * p <.05
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2.3 Research Question III | The experience of basic emotions in patients with

inflammatory bowel disease

2.3.1 Abstract

Background: Previous studies have linked inflammatory bowel diseases (IBD) to higher
psychological stress and poorer emotional functioning. The perception and appraisal of bodily
sensations has been postulated to represent a core component of emotion experience. By now,
no study has investigated whether patients with IBD differ in their emotion-associated bodily
sensations and whether specific factors such as emotional awareness and history of adverse

childhood experiences modulate altered emotional body experiences in IBD.

Methods: Forty-one IBD patients in clinical remission and 44 healthy control (HC) participants
indicated where and how intensely they perceived changes in their bodily sensations, using an
emotional body map task, when experiencing the six basic emotions: happiness, sadness, anger,
fear, disgust, and surprise. Emotional awareness, a history of childhood adversities, and

psychopathology were assessed via self-report questionnaires.

Results: Compared to HC participants, IBD patients reported higher emotional awareness but
lower intensities of perceived changes in their bodily sensations associated with the experience
of happiness, anger, fear, and surprise. Higher emotional awareness was associated with
stronger changes in patients’ bodily sensations during happiness. A history of abuse during
childhood positively correlated with bodily sensations for the experience of anger. In IBD,

higher anxiety symptoms were linked to stronger experience of negative emotions in the whole
body.

Conclusions: Our results indicate decreased bodily experiences associated with certain
emotions in IBD, characterized by decreased perception of bodily sensations’ changes. An
altered emotional functioning might affect a patient’s well-being through its links to anxiety

and depression symptoms.
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2.3.2 Introduction

Inflammatory bowel disease (IBD) is a chronic inflammatory condition characterized by
considerable emotional and social burdens for the affected individuals (Neuendorf et al., 2016).
Depression and anxiety symptoms affect up to 35 % of the patients with IBD, a prevalence
twice higher than in people without IBD (Bromet et al., 2011). In this clinical population, the
failure to recognize emotional stimuli correctly plays a crucial role in stress perception and
stress management, resulting in worsened disease symptoms and increased levels of depression
(Kano et al., 2020; La Barbera et al., 2017). One mechanism potentially underlying altered
emotion processing in IBD might be a changed perception and appraisal of visceral sensations,
also known as interoception (Critchley & Garfinkel, 2017). There are three dimensions of
interoception: sensitivity (i.e., the objective detection of bodily signals), sensibility (i.e., the
subjective experience of bodily activity), and awareness (i.e., the extent of correspondence
between one’s sensitivity and sensibility) (Garfinkel et al., 2015). While IBD patients do not
exhibit altered ability to detect bodily signals, findings suggest that they appraise these
differently, resulting in altered subjective experience of bodily sensations (Atanasova et al.,

2021; Fournier et al., 2020).

As emotion experience is strongly linked to the bodily sensations and an individual’s
appraisal of those (Damasio, 2001; Damasio et al., 1996), altered interoceptive processes might
contribute to impairments in patient’s emotional functioning. The importance of emotion
perception for individual’s well-being has been previously emphasized, suggesting that
avoidance of emotions is linked to greater risk of developing psychopathology and emotion
dysregulation (Aldao et al., 2010; Hayes et al., 1996). Moreover, Wilkinson et al. (2019)
demonstrated that current IBD activity negatively affects patient's depressive symptoms,
partially through altered emotion perception, emphasizing the crucial impact of emotional
functioning on patient’s quality of life (Wilkinson et al., 2019). As a significant percentage of
the IBD patients still report higher levels of psychological distress, even when the severe IBD
symptoms have subsided, an altered emotion experience may contribute to the maintenance of

depression and anxiety symptoms during remission.

Studies on emotional experience in IBD demonstrated hyposensitivity to positive
emotions (Agostini et al., 2011; Wilkinson et al., 2019) and hypersensitivity to negative
emotional states (Vianna et al., 2006). In a recent study, we reported that patients with IBD

exhibit decreased bodily sensations related to emotions of positive valence (Atanasova et al., in
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review). However, no study so far has investigated whether patients with IBD differ in their

bodily sensations associated with the experience of specific emotions.

The categorical theory of emotion posits the existence of six primary, distinct, and
universal emotions (Ekman, 1992; Ekman & Friesen, 1971): happiness, sadness, anger, fear,
disgust, and surprise. How individuals perceive emotions is strongly modulated by their
interoceptive abilities. Emotional awareness constitutes a distinct feature of one’s interoceptive
sensibility and describes the ability to attribute specific bodily sensations to physiological
manifestations of emotions (Mehling et al., 2012). Although the experience of distinct emotions
is linked to specific topographical patterns of bodily sensations (Nummenmaa et al., 2014;
Ruben et al., 2001), no study has investigated the association between emotional awareness and

emotion-related bodily sensations yet.

Altered emotion experience is a common feature of many mental disorders, especially
Those that are related to psychological traumatization (Dannlowski et al., 2012). Individuals
with a history of adverse childhood experiences (ACE) tend to detect faster and allocate greater
attention resources to negative emotional cues (Iffland & Neuner, 2020), while exhibiting
difficulties in recognizing positive emotional stimuli (for a review see: Bérubé¢ et al. (2021)).
According to previous findings, a substantial percentage of about 60 % of IBD patients has
experienced at least one type of ACE (Fuller-Thomson et al., 2015; Ryan et al., 2013; Witges
et al., 2019). Although it is conceivable that history of ACE might modulate impairments in

emotion perception in IBD, there is no research focusing on this link so far.

The present study aims to contribute to the understanding how distinct emotions are
subjectively experienced in the body among patients with IBD and whether emotion-related
sensations, possibly altered by history of ACE (Van der Kolk, 2014), are linked to one’s
interoceptive sensibility. Using a topographical self-report measure adapted from Nummenmaa
et al. (2014), we assessed the subjectively perceived changes in bodily sensations associated
with the experience of the basic emotions (happiness, sadness, anger, fear, disgust, and surprise)
among patients with IBD and healthy control (HC) participants. We hypothesized that (I.) IBD
patients will differ in the reported intensity of bodily sensations, reporting stronger sensations
for negative emotions and attenuated sensations when experiencing positive emotions. (II.) We
expected that emotional awareness, will modulate the severity of alterations in emotion-related
bodily sensations in IBD and (III.) history of ACE will exaggerate disturbances in emotion

experience in IBD.
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2.3.3 Methods

Participants

Eighty-six individuals between 18 and 65 years participated in the study. Of these, 42 met the
diagnostic criteria for IBD and 44 were HC participants. One participant of the IBD group was
excluded due to lack of understanding the instructions, resulting in a final sample of 41 IBD
patients (20 female, 21 male) and 44 HC participants (30 female, 14 male; see Table 4.1 for
further demographic characteristics). All IBD patients attended the IBD outpatient unit at the
University Medical Center Mannheim and were personally contacted for participation in the
study. Twenty-nine patients were diagnosed with Crohn’s disease (CD) and 12 patients with
ulcerative colitis (UC), with all patients being currently in remission. Fully trained physicians
specialized in the care of patients with IBD carried out all diagnostic procedures and
gastroenterological examinations. Exclusion criteria included biological signs of disease
activity (fecal calprotectin level in mg/L > 200), use of corticosteroids, use of psychotropic
medication, and current or past neurological or psychiatric disorders. Details on treatment
medication, disease duration, age for disease onset, history of further somatic diseases, previous
surgeries, and history of extraintestinal manifestations were collected from previous medical
reports and are provided in Table S2, supplementary material S2. In the HC group, exclusion
criteria included chronic medical conditions, chronic medication intake, use of psychotropic
medication, current or past neurological or psychiatric disorders, and any gastrointestinal
complaints during the last 4 weeks prior the experiment. The study was approved by the Ethics
Committee of the Medical Faculty Mannheim at Heidelberg University and all participants gave
their written informed consent before participating in the study. Please note that a subsample
of participants from both groups was included in a study on interoception and emotion

experience (Atanasova et al., 2021).
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Table 4.1 Sample characteristics including demographic data,

psychopathological symptoms.

affective state and

HC (N=44) IBD (N=41) Test-statistics p-value
(M+SD) (M+SD)

Demographics
Age 36.11 =£12.29  40.20  +13.87 1.442 154
Sex (female/male) 30/14 20/21 3.30° .069
Disease activity
Crohn’s disease - - 1.76 +1.83 - -
(HBI)
Ulcerative colitis - - 1.58 +1.51 - -
(Partial Mayo Score)
Affective state
STAI: Anxiety 32.66 +8.20 33.13 +5.28 0.31¢% 754
SAM: Valence 3.77  +0.85 3.75 +0.98 -0.112 911
SAM: Arousal 1.98  +0.86 2.34 +1.00 1.78 2 .079
SAM: Dominance 3.68  +0.66 3.63 +0.98 3412 734
Psychopathological symptoms
BSI: Global severity 22.42  +4.91 28.97 +9.26 3.66% 001 wEx
index
BSI: Somatization 6.74  £1.27 9.97 +3.51 531 <001 #**
BSI: Depression 7.58  £2.81 9.22 +3.97 1.852 .068
BSI: Anxiety 8.09  £2.22 9.78 +3.65 2452 017 *
Interoceptive sensibility
MAIA: Emotional 2.77  +0.88 3.32 +0.92 0.56% 006 **
Awareness
History of ACE
CTQ: Total score 36.06 £7.00 3471  £10.15 801.00 © .373
CTQ: Emotional 8.51 +3.47 7.90 +2.96 832.50 ¢ 533
abuse
CTQ: Physical abuse  5.80  +1.60 6.15 +2.32 831.50°¢ 420
CTQ: Sexual abuse 5.14  +0.55 5.37 +1.76 867.00°¢ .543
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CTQ: Emotional 9.63  £3.29 8.63 +3.64 808.50°¢ 406
neglect
CTQ: Physical 697 =£1.71 6.66 +2.21 817.50¢ 440
neglect

HC, healthy controls group; IBD, inflammatory bowel disease group; HBI, Harvey-Bradshaw
Index; STAI, State-Trait Anxiety Inventory — State; SAM, Self-Assessment Manikin; BSI,
Brief Symptom Inventory; GSI, Global Severity Index; MAIA, Multidimensional Assessment
of Interoceptive Awareness; ACE, Adverse Childhood Experiences; CTQ, Childhood Trauma
Questionnaire. * p < .05, ** p < .01, *** p < 001, ? t-value, ® Chi?, Mann-Whitney U

All participants completed a battery of psychometric questionnaires assessing
psychopathological symptoms, affective state at time of investigation, interoceptive sensibility,
and history of adverse childhood experiences. Afterwards, participants performed a computer-
based task, where they were asked to recall their bodily sensations during the experience of the

six basic emotions: happiness, sadness, anger, fear, disgust, and surprise.

Questionnaires

Brief Symptom Inventory (BSI-18)

Psychopathological symptoms and psychological distress were measured using the Brief
Symptom Inventory (BSI-18) (Franke et al., 2011). BSI-18 is a self-report instrument to assess
symptoms of somatization, depression, and anxiety (subscale range: 0-24). By adding up all
subscale scores, a global severity index (GSI) is computed, with higher GSI indicating higher
general symptom severity (GSI range: 0-72). Cronbach’s a for the 18 items was .86 in the IBD
group and .81 in the HC group.

Affective state

To control for participant’s levels of anxiety at the time of investigation, all participants were
asked to complete the state version of the State-Trait Anxiety Inventory (STAI; Spielberger et
al. (1983)). STAI is 20-item scale measuring individual’s feelings of apprehension, tension,
nervousness, worry, and activation of the autonomic nervous system on a 4-point Likert scale.

A total score is calculated by adding up all items’ scores (range: 20 to 80), with higher scores
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indicating higher anxiety. Internal consistency was good with Cronbach’s o = 0.76 in the IBD
sample and .90 in the HC group. In addition, participants were asked to rate their levels of
subjective arousal, valence/pleasure, and dominance on a 9-point Likert scale using the Self-
Assessment Manikin (SAM; Bradley and Lang (1994)). Higher scores indicate higher arousal,

greater positive valence, and higher perceived dominance.

Multidimensional Assessment of Interoceptive Awareness (MAIA)

As we were particularly interested in the experience of emotions in the body, we focused on
the one feature of interoceptive sensibility, that is individual’s subjective belief to be
interoceptively cognizant (Garfinkel et al., 2015). One key feature of individual’s interoceptive
sensibility refers to one’s ability to be aware that certain bodily sensations are linked to the
experience of emotions, a construct known as emotional awareness. To assess it, we used the
subscale Emotional Awareness of the Multidimensional Assessment of Interoceptive
Awareness (MAIA; Mehling et al. (2012)), which comprises 5 items assessed on a 6-point
Likert scale. Individual’s level of emotional awareness is computed as the mean item score
(range: 0-5) with higher scores indicating higher emotional awareness. Emotional Awareness
exhibited acceptable internal consistency with Cronbach’s o = .76 in the IBD group and .86 in
the HC group. For further details on the MAIA and its subscales see supplementary material
S2.

History of adverse childhood experiences

History of ACE was assessed via self-reports using the German version of the Childhood
Trauma Questionnaire (CTQ; Klinitzke et al. (2012)). The 28-item questionnaire consists of
five subscales including emotional abuse, physical abuse, sexual abuse, emotional neglect, and
physical neglect, and a total score. Each subscale includes five questions (subscale range: 5-25)
and adding up all items results in a total score (range: 25-125). Higher CTQ scores indicate a
severer history of childhood adversity. CTQ revealed acceptable to good internal consistency
with Cronbach’s o = .86 in the IBD group and .76 in the HC group. For details on trauma
history see Table 4.1.
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Experimental procedure

Using an adapted version of the topographical self-report method established by Nummenmaa
et al. (Nummenmaa et al., 2014), all participants were asked to indicate the perceived changes
in their bodily sensations when experiencing the six basic emotions: happiness, sadness, anger,
fear, disgust, and surprise. Respondents were instructed to evaluate which body regions they
typically felt as being activated or deactivated when experiencing each specific emotion (for
further details see supplemental material S3). To control for potential baseline differences, we
asked participants to indicate whether they experience changes in their bodily sensations also
during a neutral emotional state. To indicate their responses, participants were asked to color
the body templates by selecting a color from a 9-point color bar ranging from blue (- 4 = “very
strong deactivation™) to red (+ 4 = “very strong activation”). In case that participants could not
perceive any changes in a particular body area, they were instructed to leave it uncolored. All
seven blank body maps were presented in a randomized order on a 14°> computer screen. The
front and back body templates comprised 366 x 195 pixels, and the diameter of the painting
tool was 13 pixels. The task was programmed with Presentation® software (Version 18.0,

Neurobehavioral Systems, Inc., Berkeley, CA, www.neurobs.com).
Dependent variables

The analysis pipeline used in this manuscript was already implemented in another study of our
group and is described in more detail in Atanasova et al. (in review). After applying a spatial
smoothing (see supplemental material S3), an overall change score was calculated across all

pixels within the body template summarizing the extent of change for both perceived activation

and deactivation: su‘m(\/mge2 ). To further explore whether these changes are associated
rather with sensations of bodily activation or deactivation, separate scores for the type of change
were computed. Overall change, activation, and deactivation scores were computed for the
whole-body template and for several pre-defined regions of interest (ROI). The ROI
corresponded to the findings of Nummenmaa et al. (2014) and included: the head, chest,
abdomen, upper limbs, lower limbs, and the back (see supplemental material S2, Figure S2).
All analyses were performed using custom pipelines run with MATLAB 2020a (The
MathWorks, Inc.).
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Data analysis

Group differences in the overall change scores were analyzed with Wilcoxon rank-sum test. In
addition to our preregistered analyses (see below), we analyzed the activation and deactivation
scores using mixed-effects analysis-of-variance designs (mixed-design ANOVA) to
differentiate between the type of change perceived during the emotion experience. Since the
data violated the normality assumptions (Kolmogorov-Smirnov test, visual inspection of Q-Q
plots), a non-parametric approach was applied by implementing a rank-aligned ANOVA (Kay
& Wobbrock, 2019; Wobbrock et al., 2011). The 2 % 2 rank-aligned ANOVA designs for the
six emotions included the between-subject factor “group” (IBD/HC) and the within-subject
factor “type of change” (activation/deactivation). To explore significant interaction effects,
post-hoc comparisons were done by pairwise comparisons (Wilcoxon rank-sum test). Group
differences for the reported overall change in the different ROIs were analyzed with Wilcoxon
rank-sum tests. Again, to differentiate between the type of change perceived in the ROI,
exploratory 2 x 2 rank-aligned ANOVA designs with the factors “group” (IBD/HC) and “type
of change” (activation/deactivation) were computed. Finally, Spearman’s rank correlation
coefficients were used to examine the associations between participants’ emotion-related bodily

sensations, emotional awareness, and history of childhood adversity.

Statistical analyses were carried out with SPSS v.27.0 (IBM Corp., USA) and the ARTool
package of RStudio v.4.0.0 (RStudio, PBC, Boston, MA, http://www.rstudio.com/). Significance

level was set to p < 0.05.

Preregistration

This study was preregistered before data collection. The hypotheses, sample size, methods,
exclusion criteria, and planned analyses can be accessed at
https://aspredicted.org/blind.php?x=hu4n7k. According to this preregistration, a sample size of
120 participants was planned. However, due to the Covid-19 pandemic-related restrictions, the
number of participants recruited was reduced. All remaining aspects of the study were carried
out in accordance with the pre-registered protocol unless stated otherwise. Note that only data
on the experience of specific emotions are reported in the present manuscript. Data on body
image perception and the experience of valence and arousal, as recorded in the same

preregistration protocol, are reported in separate articles.
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2.3.4 Results

Whole-body sensations: overall change

Compared to HC participants, IBD patients reported significantly less perceived changes in

their bodily sensations when experiencing happiness, anger, fear, and surprise (all ps < .049;

Table 4.2, Figure 10), but not sadness and disgust (Figure S5, supplemental material S3). In the

control condition, where participants evaluated the changes in their bodily sensations during a

neutral emotional state, no group differences were observed (p = .160).

Table. 4.2 Pairwise comparisons for perceived changes in the bodily sensations

Mann-Whitney U p-value
Happiness 667.00 048  *
Sadness 728.00 126
Anger 552.00 002 **
Fear 583.00 005 **
Disgust 728.00 125
Surprise 571.50 004 **
Neutral 759.50 .160

*p <.05, **p <.01
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Whole-body sensations: activation and deactivation

When differentiating between the type of perceived changes in the body, analyses revealed that
group differences in the emotional experience were dependent on whether participants judged
perceived activation or deactivation in the body (see Table S6, supplementary material S3).
Pairwise comparisons showed that for happiness, anger, fear, and surprise these effects were
driven by lower levels of perceived bodily activation, but not deactivation, in the IBD group
(IBD vs. HC: activation: all ps <.031; deactivation, all ps >.060). For the experience of disgust,
however, IBD patients exhibited a smaller difference between the levels of perceived activation
and deactivation (Z=-3.32, p =.001): While the IBD group reported descriptively lower bodily
activation than the HC group (p = .149), they also experienced higher levels of bodily
deactivation (p = .161). Consistently with the findings for the overall change score, there were
no group differences for the experience of sadness and a neutral emotional state (all ps > .075).

For further details see Table S6 and Figure S6, supplemental material S3.

ROI analyses: overall change

In IBD, the experience of basic emotions was associated with decreased changes in the bodily
sensations perceived in different areas of the body depending on the specific emotion. Results
for all ROI scores across the six basic emotions are visualized in Figure 11. Summary of the
group comparisons and the 2 x 2 rank-aligned ANOVAs are reported in Table S7 and S8 in

supplemental material S3.
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Correlations between emotion-associated bodily sensations and emotional awareness

Correlation analyses revealed that across all participants, higher emotional awareness was
associated with stronger perceived changes in the bodily sensations for the experience of
happiness (s = .265, p = .014). This significant link was found in both IBD (r;=.357, p =.022)
and HC group (s = .391, p = .009). However, both groups did not differ in the strength of this
association (Z = -0.18, p = .430). For further details on the correlations between emotional

awareness and the experience of all basic emotions, see Table S9, supplemental material S3.

Correlations between emotion-associated bodily sensations and history of ACE

Across all participants, a more severe history of ACE was associated with higher levels of
changes in one’s bodily sensations when experiencing anger (rs = .240, p = .027). However,
this association was significant only in the IBD group (s = .318, p = .043), but not in the HC
group (7s =.090, p = .559; IBD vs. HC: Z = 1.06, p = .144). No significant relationships were
found with the remaining basic emotions (all ps >.277). Exploratory analyses with the different
types of ACE in the IBD group revealed that greater changes in the bodily sensations associated
with anger were linked to a more severe history of abuse (7, =.395, p =.011) but not of neglect

(rs=.199, p = 213).

Correlations between emotion-associated sensations and psychopathological symptoms

Although all patients met the criteria for clinical remission, the IBD group reported higher
levels of anxiety and — at least on a descriptive level — depression compared to HC participants
(see Table 4.1). Therefore, we performed additional correlation analyses to explore whether
anxiety and depression symptoms are related to the experience of emotions in the body. In IBD,
greater anxiety symptoms were linked to stronger changes in the bodily sensations during
sadness (rs = .341, p =.039), anger (r; = .461, p = .004), and fear (r; = .440, p = .006). Higher
levels of depression symptoms were associated with greater changes in the body only for the
experience of anger (rs =.562, p <.001). No further significant relationships were found for the

other emotions (all ps > .063).
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2.3.5 Discussion

The perception and appraisal of bodily sensations elicited by emotional events is essential to
how intense people experience emotions in everyday life. In the case of IBD, emotion
perception is crucial to patients’ coping mechanisms with their disease symptoms and therefore,
their quality of life (Gracie et al., 2017). Patients in remission might still experience higher
psychological distress due to emotional dysfunctions even if the severe disease symptoms have
already subsided (Iglesias et al., 2009). Thus, the main objective of this study was to investigate
whether IBD patients in remission differ in their emotion-associated bodily sensations
compared to healthy individuals. We aimed to understand whether individual’s awareness of
their bodily sensations and a history of childhood maltreatment are linked to altered emotional

body experience in IBD.

In line with previous studies indicating a hyposensitivity to positive emotional stimuli
in IBD, we found diminished body experiences for happiness in this clinical sample (Agostini
et al., 2011; Wilkinson et al., 2019). This finding is also in line with unpublished data of our
research group showing decreased bodily activation for emotions of positive valence, but not
for those of negative valence (Atanasova et al., in review). These results support the hypothesis
of biased perception of positive emotions in IBD, independently of whether general emotional
categories (e.g., positive emotions) or specific emotions (e.g., happiness) are used (see
Atanasova et al., in review). Furthermore, this is the first study demonstrating that the
diminished perception of happiness in IBD is associated with altered experience of bodily
sensations in particular parts of the body. Patients exhibited less perceived changes in the chest
and the upper limbs, two regions strongly associated with stronger changes in the bodily
sensations during positive emotions as demonstrated in Nummenmaa et al. (2014). In IBD,
decreased sensations in the chest might indicate hyposensitivity to changes in one’s heart rate
(e.g., heart pounding) during positive emotional events. However, while Nummenmaa et al.
(2014) suggested that stronger sensations in the upper limbs may be characteristic for approach-
oriented emotions such as happiness, lower activation in this body area among patients with
IBD may indicate that these can less accurately differentiate between emotions triggering
approach- and avoidance behavior. This interpretation is in line with our unpublished data
showing that patients differentiated less between the perceived bodily sensations during
positive and negative emotions, as well as during relaxation and tension compared to healthy

individuals (Atanasova et al., in review). However, since in both studies the identical sample
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of participants have been included, replication of our results in an independent sample is

required.

In contrast to Vianna et al. (2006), who did not find alterations in the emotion processing
among IBD patients with inactive disease compared to those with active disease, our results
showed decreased bodily perceptions related to the experience of anger, fear, and surprise.
These emotional states were also linked to decreased bodily sensations in the upper body,
including the head, chest, and the upper limbs. Especially these parts of the body have been
previously linked to higher bodily activation during anger and fear in the general population
(Nummenmaa et al., 2014). Thus, although patients with IBD did not differ in their
topographies of experienced changes in the bodily sensations, they consistently demonstrated
lower intensities of these changes compared to healthy participants. These findings suggest the
potential use of emotional avoidance as emotion regulation strategy among patients with IBD.
Avoidance or distraction from highly intense emotions and the concomitant physiological
changes in the body can prevent the confrontation with overwhelming and undesirable
emotional states, which could overstep individual’s coping resources (Sheppes et al., 2011). In
line with this interpretation, a recent study by Banovic et al. (2020) found stronger emotional
avoidance and emotional suppression among Crohn’s disease patients (Banovic et al., 2020).
Since emotional avoidance has been associated with higher levels of anxiety and affective
distress (Bardeen et al., 2014; Feldner et al., 2003; Kelly & Forsyth, 2009), it is conceivable
that this emotion regulation strategy could potentially explain why depression and anxiety

symptoms remain severe in IBD patients even during the periods of disease remission.

Moreover, previous studies on attachment and mentalizing in IBD revealed stronger
avoidance strategies in this clinical population (Agostini et al., 2019). An avoidant attachment
style has been associated with cognitive distancing from emotions and our findings indicate
that this might be accompanied by stronger detachment from emotion-related bodily sensations
as well. Based on previous findings, avoidance tendencies in IBD might further impede
patients’ mentalization abilities and their capacity to accurately identify and differentiate
between emotional states (Agostini et al., 2019). Through the more detached emotional body
experience, patients may try to avoid strong changes in their visceral sensations by suppressing
the physiological feedback associated with emotional triggers. In IBD, this could be a coping
strategy to minimize the potential risk of triggering the disease symptoms. Since we

investigated only patients in clinical remission, future studies are required to examine the links

99



Empirical findings

between bodily emotion experience and avoidance strategies in active and inactive disease

patients.

Our results showed that higher emotional awareness was associated with greater
changes in bodily sensations perceived during happiness in both IBD and HC participants. This
result is partially in line with previous findings, suggesting a link between interoception and
emotional experience, suggesting that interoceptively aware individuals perceive emotions
more intensely (Herbert et al., 2007). It has been repeatedly demonstrated that representations
of internal bodily sensations in the insula are crucial for the conscious experience of emotions
(Critchley et al., 2004). The enhanced insular reactivity previously observed in patients with
IBD (Agostini et al., 2017; Rubio et al., 2016) might constitute the neural correlate of an
increased perception of visceral sensations in IBD and a stronger experience of emotion-related

sensations, particularly in those patients who report to be more aware of their body signals.

As histories of early adversity have been repeatedly linked to altered experience of
emotions (for a review see: (Bérubé et al., 2021)), our study aimed to investigate the link
between a history of ACE and altered bodily experience of emotion in IBD. Our findings
suggest that there are differential patterns of associations between ACE and emotion perception
in IBD and healthy individuals. Among IBD patients, higher trauma severity and particularly
more severe experiences of abuse were linked to greater changes in bodily sensations during
the experience of anger. This finding is in line with clinical and empirical observations
indicating that patients with trauma-related disorders tend to experience stronger feelings of
anger and rage and report greater difficulties to downregulate these emotions compared to
individuals without a history of maltreatment (Eshel et al., 2021; Olatunji et al., 2010). In IBD,
the increased experience of anger in the body might result in stronger activation of the ‘fight or
flight” system, associated with an amplified physiological stress response of the HPA axis and
worsening gastrointestinal inflammation (Mawdsley & Rampton, 2005). Hence, it could be
speculated that IBD patients with history of ACE represent an especially vulnerable population,
in which these mechanisms might promote greater inflammatory activation associated with the

experience of emotional stress (Moulton et al., 2019; Wan et al., 2022).

Finally, the present study shed light on the observation that a significant percentage of
the IBD patients in remission experience greater levels of psychological distress compared to
healthy individuals. We found a positive correlation between the reported psychopathological

symptoms and the experience of negative emotions in the body: Higher levels of anxiety and
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depression symptoms were linked to stronger changes in the bodily sensations during sadness,
anger, and fear in the IBD group. As these findings are only of correlational nature, no direction
of these relationships can be implied. Nevertheless, these preliminary results emphasize the
important role of emotional functioning for the patients’ well-being: Patients reporting higher
psychological distress might experience stronger physiological activation during negative
emotional states or strengthened experience of negative emotions might predispose IBD
patients to greater anxiety and depression symptoms. In line with this interpretation, Wilkinson
et al. (2019) demonstrated that depression might occur as result of dysfunctional processing of
emotions in patients with acute IBD symptoms, emphasizing the importance of psychological
interventions targeting emotion perception biases to potentially treat or prevent depression in

IBD.

Given our findings of altered experience of positive and negative emotions in the body
among patients with IBD, some clinical implications can be considered. While the decreased
levels of bodily activation during anger and fear might prevent patients from states of
hyperarousal in the short term, avoidance of emotions and the associated bodily sensations
might constitute a risk factor for developing psychopathological symptoms in the long term
(Feldner et al., 2003; Hayes et al., 1996). Thus, one could speculate that mind-body
interventions might be useful in the segment of IBD patients reporting greater emotional burden
and difficulties in recognizing or coping with negative feelings (for a review of mind-body
interventions in IBD see: (Ewais et al., 2019)). By modifying how patients attend to their body
signals, elicited by emotional triggers, and providing them with adaptive emotion regulation
skills, such interventions can improve patients’ flexibility in emotional experience (Wynne et
al., 2019) and prevent an overgeneralization of avoidance strategies of disease related bodily
sensations to those associated with emotions. As impairments in emotion perception have been
shown to modulate the link between disease severity and psychological well-being in IBD
(Wilkinson et al., 2019), such supplemental interventions could improve patients’ abilities to
differentiate between emotions, potentially having positive effects on the patient’s mental
health and quality of life. Given the potentially bidirectional relationship between emotion
perception and psychopathological symptoms, it should be noted that as our results are only of
correlational nature, so that clinical implications are only speculative and need further

investigation.
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Limitations

The present study has several limitations. First, since no clinical control group has been
included in the study, we cannot conclude whether our findings and the observed alterations
are limited to IBD or might be markers of several gastrointestinal disorders. Future studies need
to examine the generalizability of our findings in larger clinical samples with gastrointestinal
pathologies, taking the potential effects of psychopathology into account. Moreover, no direct
emotion induction was performed, and participants were asked to recall how a particular
emotion felt in their bodies when they experienced it. This recall process might have been
biased through recalling only recent and immediately available examples or might be based on
stereotypes of bodily sensations associated with a particular emotional category (Nummenmaa
et al., 2014). Thus, future studies need to control for these effects by implementing emotion
induction during the experimental task. Furthermore, interoception-related features were
assessed only via self-report measures, which often do not correspond to participant’s actual
interoceptive abilities (Murphy et al., 2019). Again, future research is required to examine how
the objective ability to detect one’s body signals might be linked to the experience of less

intense changes in the bodily sensations among patients with IBD.

2.3.6 Conclusions

Taken together, our results indicate that IBD is associated with lower intensities of perceived
changes in body related to several emotional states of positive and negative valence, including
happiness, anger, fear, and surprise. The decreased emotional reactivity experienced in the body
might indicate the avoidance of intense emotions as coping mechanism in IBD. While patients
reporting greater emotional awareness experienced positive emotions more strongly in their
bodies, a history of childhood maltreatment was linked to a stronger experience of anger in
IBD. These findings provide first insights into the complex interplay of interoception, emotion,

and a history of childhood adversity in this clinical population.
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2.3.7 Supplemental material S3

Experimental task and data analysis:

Participants were asked to indicate changes in their bodily sensations when they experienced
specific emotions during everyday life. These included: happiness, sadness, anger, fear, disgust,
and surprise. Initially, participants were familiarized with the task and instructed to evaluate
which bodily regions they typically felt as being activated or deactivated when experiencing a
particular emotion. Thus, the task did not involve inducing actual emotions by experimental
manipulation. To indicate these changes, participants were asked to color the body areas where
they perceived sensations of activation and deactivation by selecting a color from a nine-point
color bar ranging from blue (-4 = “very strong deactivation”) to red (+4 = “very strong
activation”). Participants indicated their responses by painting the bodily regions using
successive strokes on the presented body templates. If they did not perceive any changes in
some parts of the body, participants were instructed to leave these uncolored. The seven
instructions (happiness, sadness, anger, fear, disgust, surprise, neutral) were presented in a
pseudorandomized order. The task was presented on a 14”” computer screen. The front and back
body templates comprised 366 % 195 pixels, and the diameter of the painting tool was 13 pixels.
The task was programmed using the Presentation® software (Version 20.1, Neurobehavioral
Systems, Inc., Berkeley, CA, www.neurobs.com). For each participant and trial, color code
values (ranging from -4 to +4) were stored in a numeric array for each pixel of the body
templates and spatially smoothed by averaging the color code value of each pixel and its

surrounding pixels (£ 3 pixels).
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Table S6. Group effects according to the 2 x 2 rank-aligned ANOVA with whole-body scores

F p-value Wi
Happiness
Group 15.02 <.001 roxk 153
Type of change 192.40 <.001 oAk .699
Group*Type of change 14.35 <.001 oA 147
Sadness
Group 0.97 328 012
Type of change 4.77 .032 * .054
Group*Type of change 2.28 135 027
Anger
Group 18.58 <.001 roxk 158
Type of change 105.85 <.001 oA 561
Group*Type of change 10.53 .002 *x 113
Fear
Group 14.72 <.001 *oxk 151
Type of change 61.57 <.001 oAk 426
Group*Type of change 10.06 .002 *x .108
Disgust
Group 9.30 .003 ko 101
Type of change 112.80 <.001 oAk 576
Group*Type of change 7.59 .007 *x .084
Surprise
Group 16.36 <.001 koxk 165
Type of change 126.28 <.001 oAk .603
Group*Type of change 19.11 <.001 oA 187

df=1,83;*p<.05 ** p<

01, *** p <.001
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Table S7. Group comparisons for the reported changes in the bodily sensations across all pre-

defined ROI

HC (n = 44) IBD (n =41) VA p-value
(Mdn) (Mdn)

Happiness
Head 1.28 1.26 -1.05 293
Chest 0.97 0.73 -1.70 .089 *)
Upper limbs 0.28 0.03 -1.75 .080 *)
Abdomen 0.11 0.55 -0.13 .899
Lower limbs 0.00 0.00 -0.54 591
Back 0.01 0.00 -1.17 .243
Sadness
Head 1.51 0.37 -2.60 .009 oK
Chest 0.77 0.53 -0.63 .530
Upper limbs 0.09 0.00 -2.08 .038 *
Abdomen 0.27 0.59 -0.94 .346
Lower limbs 0.00 0.00 -0.13 .896
Back 0.00 0.00 -0.13 .900
Anger
Head 1.75 0.97 -2.63 .009 oK
Chest 1.10 0.55 -1.73 .084 *)
Upper limbs 0.53 0.00 -3.86 <.001 ok
Abdomen 0.53 0.01 -0.39 .696
Lower limbs 0.00 0.00 -0.64 .526
Back 0.02 0.00 -2.83 .005 oK
Fear
Head 1.68 0.50 -2.41 .016 *
Chest 1.09 0.13 -2.88 .004 oK
Upper limbs 0.12 0.00 -1.86 .063 *
Abdomen 0.40 0.00 -2.29 .022 *
Lower limbs 0.03 0.00 -2.08 .037 *
Back 0.05 0.00 -2.36 .019 *
Disgust
Head 0.67 0.36 -2.15 .031 *
Chest 0.38 0.02 -0.97 .330
Upper limbs 0.00 0.00 -0.34 736
Abdomen 0.30 0.00 -1.45 .146
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Lower limbs 0.00 0.00 -0.74 462
Back 0.00 0.00 -1.40 162
Surprise
Head 1.16 0.39 -2.01 .045 *
Chest 0.78 0.16 -2.59 .010 *
Upper limbs 0.03 0.00 -2.41 016 *
Abdomen 0.04 0.00 -0.40 .687
Lower limbs 0.00 0.00 -0.24 812
Back 0.00 0.00 -2.03 .042 *
Neutral
Head 0.00 0.00 -1.23 220
Chest 0.00 0.00 -1.06 291
Upper limbs 0.00 0.00 -1.68 .093 *
Abdomen 0.00 0.00 -0.30 .766
Lower limbs 0.00 0.00 -0.92 359
Back 0.00 0.00 -0.80 421
(M) p<.10,* p<.05, ** p < .01, *** p < .001
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Figure S6. Bodily activation associated with the experience of the six basic emotions in IBD

(red) and HC (grey). * p < .05, ** p < .01
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Figure S7. Box plots visualizing the medians and data ranges of the reported overall bodily

changes across all ROL.
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Table S8. Results of the 2 x 2 ANOVA with ROI scores

Group Type of change Group*Type of change
F p F p F p
Head
Happiness 9.99 .002 * 225.01 <001 Fx* 8.35 005 **
Sadness 9.51 .003 ** 26.54 <001 *** 5.24 025 %
Anger 22.44 <001  *** 96.13 <001 *** 9.75 002 **
Fear 19.28 <001  *** 79.12 <001 *** 10.65 002 **
Disgust 11.13 .001 ** 78.19 <001 *** 8.95 004 **
Surprise 15.13 <001  *** 127.36 <001 *** 20.80 <.001 x**
Neutral 6.22 .015 * 12.35 001  ** 3.93 051 (M
Chest
Happiness 14.39 <001  *** 152.40 <001 *** 15.08 <001 ***
Sadness 1.21 274 11.56 .001  ** 0.17 .680
Anger 16.65 <001  *** 67.49 <001 Fx* 8.43 005 e
Fear 18.74 <001  *** 61.50 <001 *** 12.43 001 xx*
Disgust 6.50 .013 * 55.09 <001 *** 2.12 150
Surprise 15.66 <001  *** 110.33 <001 *** 18.80 <001 ***
Neutral 5.02 .028 * 9.15 .003  ** 4.05 047 %
Abdomen
Happiness 5.02 .028 * 71.78 <001 Fx* 4.87 030 *
Sadness 1.20 276 2.32 131 0.90 345
Anger 5.67 .020 * 41.59 <001 Fx* 7.57 007 **
Fear 10.50 .002 ** 34.57 <001 *** 4.24 043 *
Disgust 9.39 .003 * 38.61 <001 *** 11.79 <001 ***
Surprise 3.24 .075 *) 35.68 <001 Fx* 4.45 038 *
Neutral 0.92 341 6.11 015 * 1.57 214
Arms
Happiness 15.00 <.001  *** 5595  <.001 *** 16.87 <.001  ***
Sadness 1.45 231 1.82 181 0.02 .887
Anger 16.05 <.001  **=* 29.69  <.001 F** 8.96 004 **
Fear 7.13 .009 * 30.99  <.001 kxx 6.36 014 *
Disgust 3.00 087 (% 14.14  <.001 *** 0.75 389
Surprise 9.25 .003 *x 2586  <.001 wxx 8.26 005 **
Neutral 5.11 .026 * 5.52 021 * 2.41 124
Back
Happiness 6.44 .013 * 31.15  <.001 *** 3.82 054 (%)
Sadness 0.37 544 0.68 412 0.01 926
Anger 8.72 .004 ** 22.08 <.001 F** 6.53 012 *
Fear 9.23 .003 * 1843  <.001 *** 3.55 063 (%)
Disgust 1.23 270 9.18 .003  ** 0.61 436
Surprise 7.26 .009 * 22.84  <.001 wxx 7.87 006  **
Neutral 1.72 193 2.70 .104 0.93 337
Legs
Happiness 4.63 .034 * 31.06 <.001 *** 5.58 020 *
Sadness 3.13 080 (%) 7.90 006 ** 0.00 967
Anger 1.78 186 1.55 216 0.37 542
Fear 9.23 .003 * 1843  <.001 *** 3.55 063 (%)
Disgust 0.57 454 1.98 .163 0.94 336
Surprise 1.54 218 16.71  <.001 *** 2.70 .104
Neutral 0.52 474 0.17 .681 0.01 931

Note: df’s=1,83; (*) p <.10, * p <.05, ** p < .01, *** p < .001
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Figure S8. Box plots visualizing the medians and data ranges of the reported bodily activation

across all ROI.
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Figure S9. Box plots visualizing the medians and data ranges of the reported bodily

deactivation across all ROL.
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Table S9. Correlations between Emotional Awareness and the reported whole-body overall

change scores

Whole sample HC IBD HC vs. IBD
s P s p s P V4 p

Emotional Awareness
Happiness 265 014 391 .009 ** 357 .022%* 0.18 430
Sadness 189 .083 (*) 365 015 * 213 180 0.37 230
Anger 175 .109 332 028 * 284 071 (*) 024 407
Fear 157 152 407  .006 ** 201 207 1.01 155
Disgust .064 .560 -.005 974 252 112 -1.17 122
Surprise .033 762 169 274 .106 511 029  .388

IBD, inflammatory bowel disease; HC, healthy control participants

(*)p<.10,* p<.05,** p<.01
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2.4 Research Question IV| Body evaluation and body ownership in patients with
inflammatory bowel disease: the role of interoceptive sensibility and adverse

childhood experiences

2.4.1 Abstract

Background: Inflammatory bowel diseases (IBD) are often accompanied by symptoms which
might affect the patients’ body representation such as their body evaluation and body
ownership. The aim of this study was to investigate alterations in these body representations in
IBD and their link to interoceptive sensibility, gastrointestinal-specific anxiety, self-esteem,

and history of childhood maltreatment.

Methods: Body evaluation and body ownership was assessed in 41 clinically remitted IBD
patients and 44 healthy controls (HC) using a topographical self-report method. Rating scores
were computed for the whole-body as well as for the abdomen, the back, and the head as regions
of interest related to the experience of pain. Interoceptive sensibility, gastrointestinal-specific

anxiety and a history of childhood maltreatment were assessed via self-report questionnaires.

Results: A more negative body evaluation of the abdomen was linked to higher gastrointestinal-
specific anxiety, while patients reporting higher levels of interoceptive sensibility perceived
their bodies in a more positive manner. While no differences were found for body evaluation,
IBD patients reported lower sense of ownership for their abdomen. Moderation analyses
indicated that among IBD patients, the strength of the association between interoceptive
sensibility and ownership for the abdomen was dependent on the reported severity of childhood

trauma.

Conclusions: Altered body representations of areas associated with the experience of disease-
related pain are linked to higher symptom-specific anxiety and lower levels of interoceptive
sensibility in IBD. Particularly in patients with a history of childhood maltreatment, higher
levels of interoceptive sensibility might have a beneficial effect on the patients” ownership for

the disease affected body region.
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2.4.2 Introduction

Inflammatory bowel diseases (IBD) are chronic immune-mediated inflammatory conditions of
the gastrointestinal tract, hallmarked by severe symptoms known to negatively affect how
patients perceive their bodies (Cushman et al., 2021). From a clinical point of view, two facets
of body representations are of particular interest in IBD: body evaluation, that is, individual’s
attitude towards the own body, and body ownership, the sense that the body is belonging to
oneself. Several studies have demonstrated dysfunctional body-related attitudes in patients with
IBD, characterized by lower levels of body satisfaction (Claytor et al., 2020; Cushman et al.,
2021; McDermott et al., 2015; Saha et al., 2015). Moreover, IBD symptoms can be experienced
as an attack originating from within the body, affecting patient’s experience of the body as own
(Finotti & Costantini, 2016). To date, little is known about the role of specific psychological

factors in those facets of body representations in IBD.

Contemporary findings have emphasized the important role of body signals perception
and their appraisal for how individuals perceive their bodies, suggesting poorer interoceptive
abilities to be associated with decreased levels of body satisfaction (Badoud & Tsakiris, 2017;
Emanuelsen et al., 2015; Todd et al., 2019a). While patients with IBD do not differ in their
objective ability to perceive visceral sensations (interoceptive accuracy), they appraise these
differently (interoceptive sensibility) compared to unaffected individuals (Atanasova et al.,
2021). Furthermore, IBD patients reporting greater levels of gastrointestinal-specific anxiety
(GSA) experience disease-related bodily sensations as more distressing (Labus et al., 2007),
which can aggravate disturbances in patients’ body representations. Although no study has
investigated the role of interoceptive processes in how patients with IBD evaluate their bodies,
it is conceivable that alterations in their interoceptive sensibility and GSA might contribute to

the development and maintenance of body perception disturbances during the disease course.

The sense of body ownership arises from the multisensory integration of interoceptive
and exteroceptive cues. For that reason, the extent to which one perceives their body as
belonging to themselves depends on individual’s sensitivity to their bodily signals (Crucianelli
et al., 2018; Suzuki et al., 2013; Tsakiris et al., 2011). While some previous evidence has
indicated impairments in the multisensory integration in patients with immune-mediated
diseases, resulting in disturbed sense of body ownership (Finotti & Costantini, 2016), no study

has investigated this topic in IBD populations yet. As IBD patients tend to pay greater attention
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to their disease-related visceral signals (Srinath et al., 2014), this might be linked to a stronger
perception of the body as “their own” as it is the “own” body that experiences these symptoms.
However, as body ownership depends on the constant flow of sensory input, the occurrence of
pain symptoms over a prolonged period of time may promote alterations in the integration of
interoceptive signals, resulting in a disturbed sense of ownership for the affected part of the

body (Cordier et al., 2020; Lewis et al., 2007; Solca et al., 2020).

Body representation disturbances have been repeatedly observed not only in medical
conditions (Finotti & Costantini, 2016; Hassani et al., 2020; Markey et al., 2020) but also in
several mental disorders (Dyer et al., 2013b; Loffler et al., 2020; Scheffers et al., 2017b).
Especially experiences of adversity during childhood and adolescence seem to negatively affect
how individuals perceive their bodies in adulthood. Adverse childhood experiences (ACE) are
often characterized by physical traumata, resulting in stronger feelings of detachment from
one’s own body, a diminished sense of body ownership (Loffler et al., 2020) and more negative
body-related attitudes (Dyer et al., 2013b). Although newer findings have indicated higher rates
of histories of ACE among patients with IBD (Wan et al., 2022; Witges et al., 2019), no study

has investigated its links to body evaluation and body ownership in this clinical population yet.

Thus, the aim of the present study was to examine the complex interplay of body
representations, interoception, GSA, and history of childhood maltreatment in IBD. We
hypothesized that compared to healthy individuals, IBD patients will (I.) report a more negative
body evaluation and (II.) this more negative body evaluation will be associated with higher
GSA, lower interoceptive sensibility, lower self-esteem, and a history of ACE. Furthermore,
we expected the IBD group to (III.) report greater levels of whole-body ownership due to
patients’ increased attention towards their disease-related bodily sensations and that (IV.)
higher interoceptive sensibility in IBD will be linked to stronger whole-body ownership.
Finally, we expected that (V.) a history of ACE will be negatively associated with body
ownership and will (V1.) moderate the association between body ownership and interoceptive

sensibility in IBD.
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2.4.3 Methods

Participants

The study was approved by the Ethics Committee of the Medical Faculty Mannheim at
Heidelberg University and all participants gave their written informed consent before
participating in the study. The hypotheses, sample size, methods, exclusion criteria, and planned
analyses were preregistered before data collection and can be accessed at
https://aspredicted.org/blind.php?x=hu4n7k. All aspects of the study were carried out in
accordance with the pre-registered protocol unless stated otherwise. Note that due to length
restrictions only data on body evaluation and ownership are reported in the present manuscript.
Data on emotion-specific bodily sensations, as described in the same preregistration, will be

reported in a separate article.

In total, 86 individuals (age 18 - 65 years) participated in the study. Of these, 42 met the
diagnostic criteria for IBD and 44 were healthy control participants (HC). We excluded one
participant of the IBD group, since she/he did not understand the instructions of the
experimental task correctly. Thus, the final sample consisted of 41 IBD patients (20 female, 21
male) and 44 HC (30 female, 14 male). Exclusion criteria for the HC group were chronic
medical conditions, chronic medication intake, use of psychotropic medication, and current or
past neurological or psychiatric diseases as well as general gastrointestinal complaints (e.g.,
abdominal pain, diarrhoea, constipation) during the last 4 weeks prior to the experiment. IBD
outpatients were recruited from the IBD outpatient unit at the University Medical Centre
Mannheim during the routinely control visits and invited to participate in the study. Patients,
who met the inclusion and exclusion criteria and provided written informed consent, took part
in the study after the physical examination. Overall, 29 patients with Crohn’s disease (CD) and
12 patients with ulcerative colitis (UC) in clinical remission (Harvey-Bradshaw Index < 5;
Partial Mayo Score < 3; fecal calprotectin < 200 mg/kg; C-reactive protein < 5 mg/L) were
included in the IBD group. We focused on IBD patients in clinical remission to avoid
potentially confounding effects of active disease symptoms (e.g., strong abdominal pain) on the
body evaluation and body ownership measures. Diagnostic procedures and gastroenterological
examinations were carried out on all patients by fully trained physicians specialized in the care
of patients with IBD. Exclusion criteria were biological signs of disease activity (faecal

calprotectin level in mg/kg > 200; C-reactive protein > 5 mg/L), current use of corticosteroids,
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use of psychotropic medications and current or past neurological or psychiatric diseases. For
further details on sample characteristics see Table 5.1. Details on treatment medication, disease
duration, symptoms severity, extraintestinal manifestations, history of further somatic diseases,

and disease-related surgeries is provided in Table S2, supplemental material S2.

All participants answered a battery of psychometric questionnaires assessing
psychological distress, GSA, interoceptive sensibility, self-esteem, and histories of childhood
maltreatment. After completing these, participants performed a computer-based task, assessing

their body evaluation, body ownership and the experience of pain in the body.

Questionnaires

Brief Symptom Inventory (BSI-18)

Psychological distress was assessed with the Brief Symptom Inventory (BSI-18) (Franke et al.,
2011). BSI-18 is a self-report measure of somatization, depression, and anxiety (subscale range:
0-24). The three subscales with 6 items each are combined into a Global Severity Index (GSI)
(GSI range: 0-72). Higher scores indicate higher symptom severity. Cronbach’s a for the 18
items was .86 in the IBD group and .81 in the HC group.

Affective state

To control for participant’s levels of anxiety at the time of investigation, all participants were
asked to complete the state version of the State-Trait Anxiety Inventory (STAI; Spielberger et
al. (1983)). STAI is a 20-item scale, which measures subjective feelings of apprehension,
tension, nervousness, worry, and activation of the autonomic nervous system on a 4-point Likert
scale. Item scores are added to obtain the scale total score (range: 20 to 80), with higher scores
indicating higher anxiety. Internal consistency was good with Cronbach’s o = 0.76 in the IBD

sample and .90 in the HC group.

Additionally, arousal, valence, and dominance levels were assessed via the Self-Assessment
Manikin (SAM) (Bradley & Lang, 1994). SAM is a non-verbal pictorial assessment technique
that measures valence/pleasure, perceived arousal, and perceptions of dominance on a 9-point
Likert scale. Higher scores indicate greater positive valence, higher arousal, and higher

perceived dominance.
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Visceral Sensitivity Index (VSI)

Gastrointestinal-specific anxiety (GSA) was measured with the Visceral Sensitivity Index
(VSI) (Labus et al., 2004). The 15-item scale assesses worry, fear, vigilance, sensitivity, and
avoidance as well as gastrointestinal-related cognitions and behaviours. Items are scored on a
reversed 6-point scale with an overall VSI score (range: 0-75), with higher scores indicating
more severe GSA. VSI has been developed specifically for patients with functional
gastrointestinal disorders. For that reason, we utilized this self-report measure in the IBD group
only. The internal consistency of this scale for the current IBD sample was good, with

Cronbach’s o = 0.89.

Multidimensional Assessment of Interoceptive Awareness (MAIA)

Interoceptive sensibility was assessed using the Multidimensional Assessment of Interoceptive
Awareness (MAIA) (Mehling et al., 2012). The 32-item self-report questionnaire provides a
multidimensional profile of interoceptive sensibility, including the following eight subscales:
Noticing, Not-Distracting, Not-Worrying, Attention Regulation, Emotional Awareness, Self-
Regulation, Body Listening, and Trusting (subscale range: 0-5). Higher scores indicate higher
interoceptive sensibility. As we did not have specific hypotheses regarding the link between
these different aspects of interoceptive sensibility and body representations, only the mean
MALIA total score (range: 0-40) was used for statistical analyses. MAIA revealed good internal
consistency with Cronbach’s o = 0.91 in the IBD group and o = .94 in the HC group.

Rosenberg Self-Esteem Scale (RSES)

Self-esteem was assessed using the Rosenberg Self-Esteem Scale (Rosenberg, 1965). The 10-
item self-report questionnaire measures general self-esteem on a 4-point Likert scale, with
higher scores indicating greater self-esteem. Cronbach’s a in the current sample was .86 in the

IBD group and .85 in the HC group.

Adverse childhood experiences

The German version of the Childhood Trauma Questionnaire (CTQ) (Klinitzke et al., 2012)
was used to assess the history of childhood maltreatment. The 28-item questionnaire consists

of five subscales including Emotional abuse, Physical abuse, Sexual abuse, Emotional neglect,
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and Physical neglect (subscale range: 0-25) as well as a total score (range: 0-125). Higher CTQ

scores indicate a severer history of childhood adversities.

Lifetime traumatic experiences and post-traumatic stress Ssymptoms

All participants were screened for potentially traumatic life events using the Life Events
Checklist for DSM-5 (LEC-5) (Weathers et al., 2013), a self-report measure assessing the
exposure to 16 events known to potentially result in PTSD or distress. LEC-5 distinguishes not
only between event types but also between the ways a person was exposed to the stressor. For
each participant, the number of personally experienced traumatic events (direct exposure) was
summed up, resulting in a single sum score (range: 0-16). Severity of PTSD symptoms was
evaluated with the PTSD Checklist for DSM-5 (PCL-5) (Weathers et al., 2013), that is, a 20-
item self-report measure assessing the presence and severity of posttraumatic stress. Items
correspond with DSM-5 criteria for PTSD including intrusion symptoms, avoidance, negative
alterations in cognitions and mood, and alterations in arousal and reactivity during the last 4

weeks (range: 0-80). Higher scores indicate higher PTSD symptoms severity.

Experimental procedure and dependent variables

Participants were asked to appraise their body evaluation and body ownership using a
topographical self-report method adapted from Nummenmaa et al. (Nummenmaa et al., 2014)
and customized for the purposes of this study. At the beginning of the task, participants were
familiarized with the concepts of body evaluation and body ownership. In two separate trials,
respondents were shown two blank silhouettes of the front and the back of a human body and
were asked to colour the areas of the bodies according to a) their subjective evaluation of each
body area or b) the extent to which they feel a body area as belonging to themselves. To indicate
their response, participants could choose different colours from a pre-defined colour bar to paint
the corresponding body areas by successive strokes or continuous painting with a computer
mouse. Participants evaluated to what extent they like their bodies and to what extent they
perceive their bodies as belong to themselves on a 9-point colour bar ranging from blue (-4=
“very much dislike”; “does not belong to myself”) to red (4 = “very much like”; “belongs to
myself”). In two additional trials, participants’ pain experience at the time of the experiment
and during the preceding four weeks was assessed using a 5-point colour bar corresponding to

the different intensities of the perceived pain (0 = “no pain at all” to 4 = “very strong pain”).
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All four instructions were presented in a pseudorandomized order. The task was presented on a
14°> computer screen. Front and back body templates comprised 366 x 195 pixels and the

diameter of the painting tool was 12 pixels. The task was programmed using Presentation®

software (Version 18.0, Neurobehavioral Systems, Inc., Berkeley, CA, www.neurobs.com). For
each participant, we calculated a whole-body score and scores for the regions of interest (ROI)
defined by the reported experience of pain. Computations were done after applying a spatial
smoothing of 3

pixels at a single-subject level by averaging the colour code value of each coloured pixel and

its surrounding pixels.

Whole-body scores:

First, whole-body scores were averaged separately for each participant and experimental
condition across the colour codes of all pixels of the presented body template, which were

coloured by the participant.

Pain-related ROI:

Based on the reported mean pain ratings across all participants, pain-related ROI were defined
as pixels with a mean pain intensity > 1.60 during the preceding four weeks (Figure 12A). Three
distinct body areas were identified: head (ROI size: 757 pixels), abdomen (2227 pixels) and
back (877 pixels) (see Figure S10, S11 in supplemental material S4). Since we aimed to
investigate IBD-specific alterations in body representations, we decided to differentiate
between disease-specific (DS: abdomen) and disease-unspecific (DU: head, back) ROI. For
these two ROI, intensity scores were averaged separately for each participant and experimental
condition. Whole-body and ROI analyses were performed using custom pipelines run with

MATLAB 2020a (The MathWorks, Inc.).
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Table 5.1 Sample characteristics

HC (M+£SD) IBD (M£SD) Test-statistics p-value
Demographics
Age 36.11  £12.29 40.20 +13.87 1.44¢ 154
Sex (female/male) 30/14 20/21 3.30° .069
BMI 2416  +4.72 26.65 +6.46 1.992 050 *
Years of education 12.84  +2.40 12.32 +3.01 -0.892 376
MWT-B 30.09  +£3.60 29.84 +3.57 -0.77¢2 443
Affective state
STAI Anxiety 32.66  £8.20 33.13 +5.28 0.31°2 154
(state)
SAM-Valence 3.77 +0.85 3.75 +0.98 -0.112 911
SAM-Arousal 1.98 +0.86 2.34 +1.00 1.78 @ 079
SAM-Dominance 3.68 +0.66 3.63 +0.98 -341¢ 734
Psychological
distress
GSI 4.42 +491 10.42 +8.74 3.66° <.001 #**
Somatization 0.74 +1.27 3.97 +3.51 531 <.001 ***
Depression 1.58  +£2.8l1 3.00 +3.80 1.85% 040 *
Anxiety 2.09 +2.22 3.78 + 3.65 2457 020 *
Interoceptive sensibility
MAIA 2.57 +0.54 2.58 +0.57 0.702 944
Visceral sensitivity
VSI - - 27.42 +15.28 - -
Self-esteem
RSES 3486  +4.33 33.54 +5.26 -1.232 222

IBD, inflammatory bowel diseases group; HC, healthy controls group; BMI, Body-Mass Index;
MWT-B, Multiple Choice Word Test-B; STAI, State-Trait Anxiety Inventory; SAM, Self-
Assessment Manikin; GSI, General symptom index; MAIA, Multidimensional Assessment of
Interoceptive Awareness; VSI, Visceral sensitivity index; RSES, Rosenberg Self-Esteem Scale.

* p<.05, *** p < 001, ? t-value, ® Chi?.
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Data analysis

Whole-body and ROI scores were compared between both groups using Mann-Whitney U tests
separately for body evaluation, body ownership and pain ratings. To analyse covariation
between body representation scores and participants’ interoceptive sensibility, history of ACE,
and self-esteem, Spearman’s rank correlation coefficients were computed. Additionally, we
analyzed the association between body representations and GSA in the IBD group using
Spearman’s rank correlation coefficients. To test ACE severity as potential moderator of the
association between body ownership and interoceptive sensibility, a moderation analysis with
bootstrapping (5,000 samples with replacement) was applied (PROCESS SPSS macro version
3.5.2) (Hayes, 2017). Since the observed variance within the different types of ACE was rather
low, contrary to our preregistered hypotheses, we used the CTQ total scores instead of the

subscale scores for physical and sexual abuse to perform these moderation analyses.

Statistical analyses were carried out with SPSS v.25.0 (IBM Corp., USA). For all
analyses, statistical significance was set to p < .05. The level of confidence for all reported
confidence intervals was set to 95%. To control for multiple testing, we applied a false-
discovery rate (FDR) correction according to Benjamini & Hochberg (1995) (Benjamini &
Hochberg, 1995) and reported the corresponding p-values indicated this by the subscript prpr.
For whole-body scores, FDR correction was applied for the number of instructions being
compared, while for group comparisons of the ROI scores within each instruction, p-values

were adjusted according to the number of ROI.
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Table 5.2 Sample characteristics including a history of childhood trauma, traumatization in

later life, and PTSD symptoms severity.

HC (M£SD) IBD (M£SD) Test- p-value
statistics

Trauma history
Childhood trauma
CTQ total 36.06 +7.00 35.73 +10.77 -0.15* .881
CTQ-EA 8.51 +2.96 8.18 +3.73 -0.41* .684
CTQ - PA 5.80 +1.60 6.27 +2.53 0.92% 362
CTQ - SA 5.14 +0.55 5.55 +2.00 1.122 272
CTQ-EN 9.63 +3.29 8.91 +3.79 -0.842 405
CTQ-PN 6.97 +1.71 6.81 +2.34 -0.31% 758
Lifetime trauma
LEC-5 1.11 +1.30 1.52 +1.56 1.15% 254
PTSD symptoms
PCL-5 total 5.54 +5.94 15.47 +12.37 4.13* <.001 ok
Cluster B 1.43 +1.95 4.25 +3.69 3.86* <.001 ok
Cluster C 0.74 +1.20 1.81 +2.13 2.50* <.013 *
Cluster D 1.86 +2.79 4.16 +3.55 296* .004 *x
Cluster E 1.43 +1.70 4.84 +4.52 4.02* <.001 ok

IBD, Inflammatory bowel diseases group; HC, healthy control group; CTQ, Childhood trauma
questionnaire; EA: emotional abuse, PA: physical abuse, SA: sexual abuse, EN: emotional
neglect, PN: physical neglect; LEC-5, Life events checklist; PTSD, post-traumatic stress
disorder; PCL-5, Post-traumatic stress disorder checklist for DSM-V; Cluster B = intrusion
symptoms, Cluster C = avoidance, Cluster D = negative alterations in cognitions and mood,
Cluster E = alterations in arousal and reactivity, * p < .05, *** p < .001, * Mann-Whitney U, °

Chi?.
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2.4.4 Results

Whole-body and ROI analyses

For illustrative purposes, grand averages of the body topographies are displayed for each group
and experimental condition with body silhouettes as overlays (Figure 12). Whole-body analyses
revealed no differences between IBD patients and HC either for their pain experience during
the experiment (U (n 1sp= 41, n uc=44) = 787.00, p = .299, prpor = .598) or the preceding four
weeks (U = 855.50, p = .826, prpr = .826), their body evaluation (U = 807.50, p = .913, prpr=
.913) or body ownership (U = 560.50, p = .094, prpr= .188).

ROI analyses revealed stronger pain experience in the abdomen in the IBD group
compared to HC during task solving (U = 622.00, p = .001, prpr= .002) as well as during the
last four weeks (U = 550.00, p = .001, prpr = .002). While both groups did not differ in their
evaluation of this body area (U = 666.50, p = .862, prpr= .862), IBD patients experienced the
abdomen as significantly less belonging to themselves compared with HC (U = 453.00, p =
.012, prpr = .024; IBD: Median (Mdn) = 2.99; HC: Mdn = 3.83). There were no group
differences for DU-ROI (all prpr > .526; see Table 5.3). Both groups did not differ in the
number of coloured pixels either for body evaluation or body ownership trials (for more

information see supplemental material S4, Table S10).
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Figure 12. Grand averages of the body topographies for (A) reported pain experience during
the last four weeks preceding the experiment (0/white = “no pain at all”’; 4/red= “very strong
pain”), (B) body evaluation (-4/blue = “very much dislike”; 4/red= “very much like”), and (C)
body ownership (-4/blue= “does not belong to myself”’; 4/red= “belongs to myself”). Note: for
illustration purposes the colour bars have been adjusted differentially to the range of values for

the different instructions.
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Correlation analyses

Associations of body evaluation and body ownership with gastrointestinal-specific anxiety

A more negative evaluation of the abdomen, but not of the whole body or of the DU-ROI (all
pror > .130), was related to higher GSA in the IBD group (rs =-.373, p = .033, Figure 13).
However, this association did not survive the correction for multiple comparisons (prpr=.066).

Body ownership was not associated with GSA (all prpr > .425).

10

Body evaluation

0 10 20 30 40 50 60 70

Gastrointestinal-specific anxiety

Figure 13. Association between gastrointestinal-specific anxiety (VSI total score) and body
evaluation of the abdomen (0 = “very negative”; 9 = “very positive”) among IBD patients.
Participants reporting higher gastrointestinal-specific anxiety rated their abdomen as less

positive, indicating higher body dissatisfaction with this pain-associated body area.

Associations of body evaluation and body ownership with interoceptive sensibility

Whole-body evaluation was not related to interoceptive sensibility across all participants (r; =
187, p = 112, prpr = .149). Separate analyses for both groups revealed that this link was
significant in the IBD group (ry = .344, p = .038, prpr = .038), but not in the HC group (rs = -
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060, p =.707, pror = .924). A similar significant association was also found for the DS-ROI
(rs=.366, p = .031, prpr=.038) and DU-ROI scores (s = .450, p = .007, prpr = .021) among

the IBD patients, indicating that a more positive evaluation of both disease-related and disease-

unrelated body areas was associated with higher interoceptive sensibility. Interoceptive

sensibility was not significantly linked to body ownership either across all participants (all prpr

>.185), or in separate correlation analyses for the IBD and the HC group (all prpr > .552).

Table 5.3 Group differences in pain experience, body evaluation and body ownership. DS-ROI
included the abdomen area, while DU-ROI included the head and the back.

IBD (M£SD) HC (M£SD) Mann- p-value
Whitney
U p DFDR

Pain experience
Pain — last 4 weeks
Pain — state
DS-ROI — 4 weeks
DU-ROI — 4 weeks
DS-ROI — state
DU-ROI - state
Body evaluation
Whole-body score
DS-ROI

DU-ROI

Body ownership
Whole-body score
DS-ROI

DU-ROI

1.61 +0.64 1.62 +0.84 855.50 .826 .826
0.84 + 0.81 0.65 +0.69  787.00 299 598
1.18 +1.10 0.49 +£0.92  550.00 .001 .002
0.72 +0.80 0.49 +0.92  884.50 875 875
0.56 +0.87 0.08 +0.32  622.00 .001 .002
0.19 +0.42 0.14 +0.30 878.00 172 875

1.08 +1.74 1.16 +1.61 807.50 913 913
-0.14  £2.36 0.01 +2.43  666.00 .862 .862
1.59 +1.69 1.49 +1.55 641.00 791 791

2.90 +0.95 3.13 +1.07  560.50 .094 188
2.25 +1.98 3.08 +1.58  453.00 012 .024
2.97 +0.92 3.07 +1.23  577.50 186 372

kk

kek

IBD, inflammatory bowel disease group; HC, healthy control group; DS, disease-specific; DU,

disease-unspecific; ROI, region of interest; FDR, False Discovery Rate; *p < .05, **p <.01
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Associations of body evaluation and body ownership with history of ACE

Whole-body evaluation and ownership scores were not associated with a history of ACE either
in IBD (prpr>.316) or HC (prpr> .936). After applying correction for multiple comparisons,
no significant associations were found for ROI body evaluation scores in IBD (all prpr>.094)
or HC (prpr > .788). In line with our hypothesis, higher childhood trauma severity was
associated with lower ownership scores for the abdomen among IBD patients (s = -.383, p =

194, prpr = .038), but not in HC (1, = .077, p = .651, pror=.651).

Moderation of the associations of body ownership with interoceptive sensibility by ACE

Moderation analyses across all participants revealed a significant moderation effect of ACE
severity on the association between interoceptive sensibility and DS-ROI ownership scores (B
=0.12, CI1[0.009, 0.241], p = .035). The model explained 9% of the variance (R?) (R*=.09; F
(3,81) = 2.25, p = .09). To further explore the nature of this effect, two separate moderation
analyses for the IBD and the HC group were computed. A significant interaction effect between
interoceptive sensibility and ACE severity was found in the IBD group (B = 0.18, CI [0.012,
0.338], p = .036), but not in the HC group (B = - 0.04, CI [- 0.226, 0.144], p = .652) (Figure
14). Further analyses within the IBD group revealed that the moderating effect of ACE was
significant only for those IBD patients with moderate CTQ scores (B =2.58, CI1[0.074, 5.094],
p = .044) but not for those without ACE or low ACE severity (all p >.216). Thus, ACE severity
strengthened the positive association between interoceptive sensibility and body ownership
scores only in those patients reporting higher trauma load (Figure 14A). ACE severity did not
moderate the link between interoceptive sensibility and whole-body or DU-ROI ownership

scores (all p >.212).
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Moderating effect of childhood trauma severity

A IBD group B HC group

Body Ownership (abdomen)
Body Ownership (abdomen)
N

............. no trauma secssecsseess  nOtrauma
—— low trauma _—— —— low trauma

moderate trauma moderate trauma

4 ‘ : ‘
2 3 3 4

T T
2 3 3 4

Interoceptive sensibility (MAIA) Interoceptive sensibility (MAIA)

Figure 14. Moderation effect of adverse childhood experiences (CTQ total score) on the link
between interoceptive sensibility (MAIA total score) and body ownership of the abdomen (- 4=
“low ownership”; 4= “high ownership”) in IBD (Fig. 14A) and HC participants (Fig. 14B). The
interaction between ACE and interoceptive sensibility was significant only in the IBD group

and only for patients with moderate CTQ scores (solid black line in Fig. 14A).

Associations between body evaluation, self-esteem and BMI

Contrary to our hypothesis, general self-esteem was not associated with whole-body, DS-ROI
or DU-ROI evaluation ratings across all participants (prpr>.090). However, separate analyses
for both groups revealed that in IBD, higher self-esteem was linked to a more positive
evaluation of the DS-ROI (s = .531, p = .002, prpr = .004). This association could not be found
in HC (7 = .006, p = .974, prpr = .974). BMI was not associated with body evaluation either
among the IBD patients (all prpr > .326) or the HC participants (all prpr > .309). Exploratory
analyses revealed no sex differences regarding body evaluation either in the IBD group (p >
.195), in the HC group (p > .219) or between both groups (women: p > .579; men: p > .774).
Among the IBD patients, number of previous disease-related surgeries was not associated with

body evaluation (p >. 459) (see supplemental material S4, Table S11).
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2.4.5 Discussion

In IBD, the severe disease symptoms, medication, and surgical treatments can vastly affect
patient’s perception and satisfaction with their bodies (McDermott et al., 2015; Saha et al.,
2015). On the other hand, body representation disturbances have been associated with severer
disease activity, lower quality of life, and lower self-esteem in this clinical population (for a
review: Beese et al. (2019)). Furthermore, lower satisfaction with one’s own body has been
linked to increased levels of depression, anxiety, and lower self-esteem in IBD samples,
indicating the complex interplay of body perception disturbances, psychological well-being and
disease severity in IBD (Claytor et al., 2020; McDermott et al., 2015; Wertheim & Paxton,
2011). The aim of the present study was to investigate whether patients with IBD show
alterations in the way they perceive their bodies, especially with respect to how positive or
negative they tend to evaluate their bodies and to what extent they perceive their bodies as
belonging to themselves. We aimed at contributing to the better understanding of the links
between body perception disturbances, gastrointestinal-specific anxiety, interoceptive

sensibility, and a history of adverse childhood experiences (ACE).

Our findings revealed no differences in body evaluation between IBD patients and
unaffected individuals. In IBD, a more negative body evaluation of the abdomen was associated
with higher levels of gastrointestinal-specific anxiety and lower self-esteem, while a more
positive evaluation of the whole body was related to higher levels of interoceptive sensibility.
With respect to body ownership, IBD patients perceived their abdomen as significantly less
belonging to themselves compared to the healthy individuals, indicating that disturbances in
the sense of ownership might affect especially body areas associated with the experience of
disease-specific pain symptoms. In contrast to body evaluation, body ownership did not show
significant associations with gastrointestinal-specific anxiety, interoceptive sensibility or self-
esteem. Finally, moderation analyses indicated that in IBD, the link between body ownership
and interoceptive sensibility was dependent on the reported severity of childhood maltreatment.

However, this moderating effect was found only for the abdomen.

Whole-body and ROI scores

Contrary to our hypothesis, we did not find differences in body evaluation between remitted
IBD patients and healthy participants. Previous findings have suggested lower body

satisfaction in patients with active disease compared to those in clinical remission, showing a
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significant link between a more negative body evaluation and disease severity (McDermott et
al., 2015). Our findings indicate no alterations in the whole-body evaluation of IBD patients in
clinical remission, suggesting that disease activity might crucially affect patients’ level of
satisfaction with their bodies. As we could not observe persistent negative effects of IBD on
body evaluation in the present sample, decreased body satisfaction observed in previous studies
might reflect state-like effects, primarily associated with the acute disease symptoms. However,
it should be noted that previous studies, reporting more negative body evaluations and
decreased body satisfaction in IBD, did not include healthy control groups and thus, had no
reference to values from a healthy population (Cushman et al., 2021; McDermott et al., 2015;
Saha et al., 2015). Thus, future studies are asked to examine the interplay of symptoms severity
and body evaluation in IBD by investigating their relationship in larger IBD samples including
patients in remission as well as those with active disease and compare them to unaffected

individuals.

In addition to body evaluation, we investigated one further facet of body representations
in IBD — the sense of body ownership. Contrary to our hypothesis, we did not find differences
in whole-body ownership between the IBD and HC group. In contrast to other studies reporting
alterations in body ownership in patients with medical conditions (Finotti & Costantini, 2016;
Matamala-Gomez et al., 2020) or mental disorders (Loffler et al., 2020), IBD patients did not
exhibit alterations regarding the extent to which they perceive their bodies as belonging to
themselves. It is known that especially severe injuries of the nervous system can result in
disturbed body representations and altered sense of body ownership (Matamala-Gomez et al.,
2020). However, our findings suggest that IBD might not affect patients’ whole-body
ownership to such a significant extent. One possible explanation might be that in contrast to
more severe disorders, such as schizophrenia, personality disorders or stroke, IBD symptoms
do not include changes of the self-consciousness or disturbed presentation of the self. However,
IBD patients exhibited significantly lower sense of ownership for the abdomen, that is, the body
area most affected by gastrointestinal pain (Ceuleers et al., 2016) and for which significantly
higher pain symptoms were reported by the IBD group. This finding is in line with previous
studies showing that patients with regional pain syndrome report a feeling of “foreignness”
towards the affected body parts (Bultitude & Rafal, 2010). Multiple neuroimaging studies have
found that both body ownership and pain perception share common neural underpinnings,
including the somatosensory cortex and the insular cortex (Brooks & Tracey, 2007; Tsakiris et

al., 2006). In IBD, a changed cortical thickness in these regions has been demonstrated which
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may be related to the chronically increased afferent input from the gut due to relapsing mucosal
inflammation (Hong et al., 2014). Thus, cortical changes associated with the processing of
visceral pain, might potentially contribute to a disturbed sensory integration (Finotti &
Costantini, 2016; Suzuki et al., 2013), promoting alterations in patients’ sense of ownership for
body parts affected by these pain symptoms. Future studies need to further investigate how
altered functional activity and connectivity in brain regions involved in the processing of
afferent input in IBD (Thomann et al., 2019) might be linked to disturbances in the sense of
body ownership.

Associations with gastrointestinal-specific anxiety, interoceptive sensibility and self-esteem

Our results indicate that higher gastrointestinal-specific anxiety in IBD is associated with a
more negative evaluation of the abdomen but not with a diminished sense of ownership for this
part of the body. A recent study with young adolescents diagnosed with IBD has demonstrated
lower satisfaction with the abdomen in these. This result suggests the crucial role of disease
symptoms such as abdominal pain for patients’ body evaluation (Cushman et al., 2021). In line
with these findings, our results suggest that even in the absence of acute gastrointestinal
symptoms, greater anxiety and worries about those are essential for how patients perceive their
bodies. However, it should be mentioned that this association was only marginally significant
after the applied correction for multiple comparisons and thus, it needs to be interpreted

cautiously.

Further, we found that higher interoceptive sensibility was linked to a more positive
body evaluation specifically for the IBD group. This link was not specific for body areas
associated with pain symptoms, suggesting a more general relationship between body
evaluation and interoceptive abilities in IBD. This finding is in line with previous research
showing that individuals who are more aware of their bodily sensations, report higher body
satisfaction (Todd et al., 2019a). However, since this association was significant only for the
IBD group, this might imply that interoceptive sensibility may have potentially beneficial
effects for patient’s body evaluation. In line with this interpretation, previous studies
investigating mind-body interventions in gastrointestinal pathologies demonstrated that
practicing systematic attention to one’s body signals can have positive effects on the reported
disease-specific anxiety and quality of life (Ewais et al., 2019; Hood & Jedel, 2017; Shah et al.,

2020). As a more negative body evaluation has been linked to poor quality of life and greater
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psychological distress (Kearney et al., 2011), such interventions might be of particular

importance in IBD populations.

Finally, our findings revealed a positive association between self-esteem and body
evaluation of the abdomen in the IBD group. This result suggests that a more negative attitude
toward body areas associated with disease-specific pain might be an essential factor for
developing general impairments of the self-esteem (Cruz-Séaez et al., 2020). Furthermore, lower
self-esteem has been repeatedly associated with chronic conditions and somatic disorders,
suggesting that disturbances could also have a negative impact patient’s psychological well-
being (Kleindienst et al., 2014; Pinquart, 2013). As our results only indicate an association
between individuals’ self-esteem and body evaluation, further studies are needed to examine
the nature and causality of this relationship. Depending on its direction, future therapeutic
interventions could either focus on improving patients’ self-esteem in order to prevent body
evaluation disturbances or on targeting patients’ perception and appraisal of body areas

associated with their gastrointestinal complaints, potentially resulting in improved self-esteem.

Body evaluation, body ownership and adverse childhood experiences (ACE)

A history of ACE was not associated with whole-body evaluation or body ownership. However,
we found that IBD patients reporting severer history of maltreatment perceived their abdomen
as less belonging to themselves. Furthermore, the severity of ACE moderated the relationship
between interoceptive sensibility and body ownership in the IBD group. Patients with severer
history of maltreatment showed a diminished sense of body ownership compared to those with
no or only mild severity. This finding is in line with previous studies showing body ownership
disturbances in patients with trauma-related disorders (Loffler et al., 2020). However, our
results revealed that in the group of patients reporting severer history of maltreatment,
increasing levels of interoceptive sensibility led to increase in the perceived body ownership.
This might indicate that the increased attention to interoceptive sensations may contribute to an
improved integration of sensory input, resulting in stronger sense of ownership. One could
speculate that especially in patients with a history of ACE, lower levels of body ownership
could be potentially balanced out through an improvement in patients’ awareness of their body
signals. Future studies need to further examine the effects of childhood maltreatment severity

on body awareness and their link to body representations. Although preliminary, our findings
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point towards the importance of taking the history of childhood trauma into account in case of

psychotherapeutic treatments in IBD.

Limitations

Some limitations of the present study have to be addressed. First, while the IBD group consisted
of equal number of male and female participants, more female than male healthy participants
were included in the HC group. As females are more prone to a more negative body evaluation,
(Grogan, 2016), this might partially explain the lower body satisfaction among the healthy
individuals. Moreover, this unequal sex distribution between both groups may have masked
existing stronger differences between IBD and healthy populations. Second, based on our
results, one cannot draw conclusions whether the observed body perception disturbances are
also present in patients with severer disease symptoms. Thus, future research is asked to
examine body representations and their link to IBD symptoms severity during the course of the
disease in a longitudinal manner. While our findings indicate the importance of ACE as
moderating factor in the interplay of interoception and body ownership, our sample reported
only low to moderate severity of ACE according to the cut-off scores established in the previous
literature (Klinitzke et al., 2012). Contemporary studies suggest a strong association between
inflammation and history of maltreatment in immune-mediated diseases (Wan et al., 2022), it
is conceivable that history of ACE might promote stronger inflammatory activity and the
development of a psychiatric comorbidities. Therefore, the exclusion of patients with active
disease and mental disorders might explain the lower prevalence of childhood maltreatment in
the present sample. Finally, in contrast to previous studies investigating the link between
interoception and the sense of ownership, we implemented only self-report measures to assess
these constructs. However, as the objective performance on experimental tasks measuring body
perception (e.g., rubber hand illusion, heartbeat perception tasks) often do not correspond with

individual’s self-reports, one should interpret our findings cautiously.

2.4.6 Conclusions

In conclusion, our results demonstrate that even in clinical remission, patients with IBD still
experience body parts associated with disease symptoms differently than unaffected
individuals. As higher anxiety about gastrointestinal symptoms was found to be related to a

more negative body evaluation in IBD, this implies that even in the absence of acute disease,
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patients’ exaggerated appraisal of their body signals might negatively affect their body
perception. This is the first study showing that patients with IBD experience pain-related body
parts also as less belonging to themselves and this association was stronger in individuals
reporting history of childhood maltreatment. As patients with history of adversity might
constitute an especially vulnerable population, it might be useful to screen those for potential
body perception disturbances in order to potentially provide them with proper psychological

support and supplemental psychotherapeutic interventions.
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2.47 Supplemental material S4
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Figure S10. Pain-related ROI with mean pain intensity > 1.60 computed across all participants
(N=85). Colored body areas (head, abdomen, back) were used as pre-defined ROI for further
analyses. Disease-specific ROI includes the abdomen (red area), disease-unspecific ROI

included the head (pink area) and the back (dark red area).
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Figure S11. Distribution of whole-body scores for pain experience during the last four weeks

prior the experiment. Scores were computed across n=85 participants (M = 1.61; SD = 0.74).
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Table S10. Number of coloured pixels within the whole-body template and the pre-defined
ROLI.

IBD HC p-value
N pixels N pixels y4

Body evaluation
Whole-body 26382.3 28022.3 717
Head 289.3 223.4 066
Abdomen 1678.6 1687.0 922
Back 514.4 541.8 767
Body ownership
Whole-body 33608.3 34172.6 .201
Head 320.6 315.0 .880
Abdomen 1807.8 1742.3 789
Back 678.8 687.3 .689

Note: group comparisons were computed using Mann-Whitney U tests

Table S11. Spearman rank correlations (7;) between Body image scores, BMI, number of IBD-

related surgeries in the past and IBD symptoms severity.

BMI Number of surgeries IBD severity
7s p rs P Ts p

Body evaluation

Whole-body -.202 217 -.021 .897 -.072 .709
DS-ROI -.260 131 -.010 953 -.154 443
DU-ROI -.034 .848 -.129 459 -.138 501
Body ownership

Whole-body -.220 190 -.028 .870 -.119 554
DS-ROI -.182 282 123 469 -.041 .837
DU-ROI -.226 184 .082 .636 -.001 996

Note: correlations were computed only in the IBD group (n=41). IBD, inflammatory bowel
disease group; HC, healthy control group; BMI, body mass index; ROI, region of interest; DS,

disease-specific (abdomen); DU, disease-unspecific (head, back).
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3 GENERAL DISCUSSION

The main aim of this thesis is to contribute to a better understanding of the interplay between
interoception, emotion processing and body perception in IBD. Given previous findings
demonstrating poor emotional functioning in IBD, we investigated whether changes in patients’
ability to perceive and appraise their bodily sensations are linked to altered emotion perception.
Furthermore, as IBD has been associated with more negative body-related attitudes,
disturbances in patients’ sense of body ownership and body evaluation were investigated by
linking those to interoceptive processing. Finally, since contemporary findings have indicated
a significantly higher prevalence of adverse childhood experiences (ACE) in IBD populations,
the modulating role of ACE on the link between interoception, emotion and body perception
was examined. In the following section, the empirical findings presented in Chapter 2 will be
discussed and integrated into previous research. While taking some limitations of the present
work into account, the current results will be concluded with an emphasis on their clinical

relevance and implications for future research.

3.1 Summary of empirical findings and integration into previous research

Given previous findings indicating poor emotional functioning and increased levels of
psychological distress in IBD populations, the first goal of this thesis is to gain a deeper
understanding of the role of body signals in how patients with IBD perceive emotions (RQ I)
and whether changes in the interoceptive processing are related to emotional dysfunctions in

IBD, e.g., through changes in the perceived emotion-related bodily sensations (RQ II and IIT).

In RQ I, interoception was investigated as a multidimensional construct assessing its
three components: interoceptive accuracy (IAcc), interoceptive sensibility (IS) and
interoceptive awareness (IAw). Contrary to our hypothesis, patients with IBD did not show
superior [Acc or [Aw compared to healthy individuals and thus, did not differ in their objective
ability to perceive signals originating from the body or in their meta-awareness of this ability.
With respect to IS, patients reported a stronger tendency to use distraction to cope with
unpleasant sensations and exhibited higher emotional awareness, that is, the awareness that
certain physical sensations are the sensory aspects of emotions. Distraction is considered as a
maladaptive and a non-mindful form of IS (Mehling, 2016; Mehling et al., 2013; Williams,

2010) associated with poorer quality of life, increased levels of psychological distress and
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symptoms of anxiety and depression in IBD populations (Bitton et al., 2008a; Jones et al., 2006;
Levy et al., 2016). Since only patients in clinical remission were investigated in this thesis, this
finding suggests that even when the severe disease symptoms have already subsided, patients
with IBD still apply dysfunctional strategies to manage bodily sensations perceived as
unpleasant or painful. Further, as no differences between IBD and HC participants were found
in their ability to regulate psychological distress by attention to their interoceptive signals, one
could speculate that that in the absence of proper regulatory strategies, maladaptive coping with
bodily sensations can have detrimental impact on how patients manage their disease symptoms
(Goubert et al., 2004).

With respect to emotional awareness, evidence suggests that this form of IS can have
ambiguous effects, both advantageous and disadvantageous for an individual, as it can be
negatively and positively associated with anxiety symptoms (Mehling et al., 2012). Results of
RQ I revealed that IBD patients reporting higher levels of emotional awareness perceived
negative emotional stimuli as more unpleasant and more arousing. Furthermore, in RQ II and
III a significant link between emotional awareness and patients’ emotional reactivity in the
body was found: patients reporting higher levels of emotional awareness experienced stronger
bodily activation during positive and negative emotions. In line with previous studies, these
findings suggest that a higher sensitivity to emotion-related bodily sensations might result in a
more intense emotional experience of both positive and negative emotions (Lichev et al., 2014;
Mehling, 2016; Terasawa et al., 2013). However, in the absence of adaptive regulatory
strategies in IBD, the latter can result in a greater psychological distress and anxiety symptoms
(Mehling, 2016). Since no significant associations between [Acc and emotion processing were
observed, the presented results indicate only emotional awareness, as one feature of IS, to be a
significant predictor of how patients with IBD perceive emotions. Thus, altered emotion
processing in IBD is not necessarily linked to a stronger perception of bodily sensations per se
but rather to the appraisal of those in the context of emotional experience (Zamariola et al.,
2019). The stronger tendency to link specific bodily sensations to emotional triggers seems to
intensify patients’ experience of both positive and negative emotions. As IBD patients showed
a decreased experience of positive emotions in RQ II, and in particular of happiness in RQ I1I,
this finding might imply that an improvement in patients’ ability to connect bodily sensations
with certain emotional states could promote the stronger experience of positive emotions.
However, as higher emotional awareness can also result in an increased experience of aversive
emotions in this patient group, it might be useful not only to target an improvement of

individual’s emotional awareness but also to improve patients’ abilities to regulate emotional
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distress through attention to their bodily sensations. Furthermore, in IBD, patients reporting
higher levels of emotional awareness experienced tension more strongly in their bodies (RQ
ITI). This fining is in line with previous studies indicating that individuals who are more aware
of their interoceptive signals put stronger emphasis on the arousal component of emotions
(Barrett et al., 2004; Pollatos et al., 2005b). However, as emotional awareness was not linked
to a stronger experience of relaxation in the body, one could argue that without the proper skills
to use bodily sensations to regulate tension in the body (Mehling, 2016), even highly

emotionally aware patients might fail to successfully cope with stress.

The empirical findings presented in this thesis revealed a decreased emotional
reactivity in IBD related to the experience of emotional valence and arousal in the body (RQ
II & III). Our results indicate that approach-oriented emotions of positive valence, including
happiness as one basic positive emotion, are perceived less intensely by IBD patients,
characterized by decreased emotion-related sensations in the upper parts of the body (e.g., chest,
upper limbs). While diminished sensations in the chest might suggest a hyposensitivity to
changes in one’s heart rate (e.g., heart pounding), we did not find alterations in how patients
perceived their heartbeats at rest (RQ I). Taken together, these findings indicate that altered
perception of body signals in IBD is specific for the experience of emotions and suggest a
stronger detachment from one’s emotion-related bodily sensations. In line with this assumption,
we observed less intense changes in patients’ bodily sensations when experiencing negative
emotions (RQ II & III), characterized by a decreased emotional reactivity to anger and fear.
In contrast to Nummenmaa and colleagues (2014) who found that in healthy individuals these
emotional states are associated with a stronger activation in the upper parts of the body (e.g.,
head, chest, upper limbs, abdomen), in IBD, the experience of anger and fear was characterized
by less intense changes in these body areas. While Vianna and colleagues (2006) suggested that
altered emotion perception in IBD is linked to aberrant bodily sensations from the
gastrointestinal tract, our findings indicate that it is not the visceral sensations per se which are
crucial for the observed emotional dysfunctions in IBD but rather the general avoidance of

one’s bodily sensations during the experience of emotions.

As patients with IBD tend to use distraction from their bodily sensations in order to
cope with their disease symptoms (Jones et al., 2006), the stronger detachment from one’s body
during emotional experience may indicate the use of avoidance as an emotion regulatory

strategy in IBD. Contemporary findings point to the benefits of different emotion regulation
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mechanisms depending on the intensity of the experienced emotion (Sheppes et al., 2014).
According to these, distraction is preferable when individuals face emotions of high intensity
(Sheppes, 2020). As high emotional intensity usually results in greater activation of the ANS,
it is conceivable that individuals who are more sensitive to these physiological changes may
prefer to apply distraction strategies to cope with highly arousing emotions (Ardi et al., 2021).
Thus, IBD patients might perceive emotional avoidance or distraction as helpful to avoid a
confrontation with overwhelming emotions, which could overstep their coping resources
(Sheppes et al., 2011). In line with this interpretation, a recent study by Banovic et al. (2020)
found stronger emotional avoidance and emotional suppression among Crohn’s disease
patients. While these strategies might be helpful in the short term, emotional avoidance has
been associated with higher levels of anxiety and affective distress in the long term (Bardeen
et al., 2014; Hayes et al., 1996; Kelly & Forsyth, 2009). Thus, one could speculate that the
prolonged use of this emotion regulation strategy may potentially explain why depression and
anxiety symptoms remain severe for some patients even during the periods of remission.
Further, several studies have linked IBD to a more insecure attachment style, characterized by
attachment avoidance (Agostini et al., 2010; Agostini et al., 2016). Avoidant patients tend to
use cognitive distancing and suppression from their emotions as a defensive strategy in order
to cope with psychological distress (Agostini et al., 2019; Agostini et al., 2016). Hence, an
avoidant attachment style can promote interpersonal difficulties in patients with IBD, which in
turn can exacerbate their stress levels because of lack of social support and thus, exaggerating

patient’s emotional dysfunctions.

IBD has not only been associated with poor emotional functioning but also with severe
changes in how patients perceive their bodies due to the chronicity of their disease. In RQ IV,
we investigated whether patients with IBD experience their bodies differently compared to
unaffected individuals, especially with respect to their sense of body ownership and body
evaluation. With respect to body ownership, our results revealed that patients with IBD perceive
their abdomen as less belonging to themselves compared to healthy individuals. This
observation is not surprising as this part of the body is the one most strongly associated with
the experience of abdominal pain and other IBD-related symptoms (Cushman et al., 2021). In
line with our findings, other pain-related conditions have been also associated with a feeling of
“foreignness” toward the body parts affected by the pain symptoms (Bultitude & Rafal, 2010),
indicating that chronic pain symptoms can, indeed, modulate the extent to which the body is

perceived as belonging to oneself (Cordier et al., 2020; Kammers et al., 2011). As body
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ownership is found to result from the multisensory integration of interoceptive and
exteroceptive input in the brain, it is conceivable that pain perception can influence it, given
that, nociceptive signals are processed in the same brain regions involved in the processing of
interoceptive signals (Matamala-Gomez et al., 2021; Solca et al., 2020). Evidence from
neuroimaging studies indicated that both structural and functional changes in these brain areas
can be found in IBD and these alterations are possibly due to the chronically increased afferent
input from the gut and the prolonged exposure to pain in this clinical population (Hong et al.,
2014; Rubio et al., 2016). Hence, changes associated with the processing of visceral pain, might
potentially contribute to a disturbed sensory integration (Finotti & Costantini, 2016; Suzuki et
al., 2013), promoting alterations in patients’ sense of body ownership toward body parts
affected by pain symptoms. While body ownership seems to be affected by IBD even when the
severe symptoms have already subsided, no such alterations in patient’s body evaluation could
be found in the present IBD sample. While previous studies pointed towards patients’
vulnerability to more negative body attitudes and lower body satisfaction (Cushman et al.,
2021), IBD patients did not show persistent alterations with respect to their body evaluation
once a remission has been reached. Since higher body dissatisfaction in IBD has been
repeatedly associated with severer disease activity (McDermott et al., 2015), negative body-
related attitudes, as reported in previous studies, might reflect state-like conditions, primarily

associated with the experience of acute disease symptoms and pain.

With respect to interoception, our results did not reveal significant associations
between IS and the perceived sense of body ownership. This finding contradicts previous
studies suggesting a stronger body ownership in more interoceptively aware individuals
(Crucianelli et al., 2018; Monti et al., 2021; Tsakiris et al., 2011). Thus, in IBD, patient’s
subjective beliefs to be interoceptively cognizant did not promote an enhanced experience of
the body as own. In contrast, greater IS was linked to a more positive body evaluation in IBD.
As individuals reporting higher levels of IS tend to pay greater attention to their body signals,
this might result in a stronger perceived connectedness with the own body and a more positive
attitude toward it. In line with this interpretation, the experience of body pride and body
appreciation was found to be significantly stronger in healthy individuals who report to be more
aware of their bodily sensations (Todd et al., 2019a). Taken together, these results indicate that
the way in which interoceptive signals are appraised is crucial to how individuals perceive their
bodies and might have important clinical implications for IBD populations. While we did not

find patients in clinical remission to evaluate their bodies more negatively, one could argue that
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the potentially advantageous impact of IS on individual’s body evaluation, found in RQ IV,

might be of particular importance for patients with active disease symptoms.

Finally, this thesis aimed at gaining further insight into the role of ACE in the interplay
of interoception, emotion and body perception in IBD. For this purpose, we investigated
whether a history of ACE is associated with a changed perception and appraisal of body signals
and whether it modulates the link between interoception and emotional experience.
Furthermore, we examined whether the potentially modulating role of childhood maltreatment
can be extended to the association between interoception and body ownership and body
evaluation in IBD. In RQ I, we found a history of ACE to influence the association between
interoception and emotion perception: Individuals with high levels of emotional awareness who
reported a history of severe childhood maltreatment perceived negative emotions as more
unpleasant and more arousing. Moreover, in line with numerous studies on emotion perception
and ACE (fore review see: Bérubé et al. (2021)), patients reporting early life adversities
exhibited a stronger emotional reactivity in the body when experiencing anger (RQ III), a
negative emotion commonly observed in early traumatized individuals (Gliick et al., 2017; Orth
& Wieland, 2006). Taken together, these findings suggest that a history of ACE exaggerates
the perception of negative emotions, being linked to greater subjectively perceived arousal in
the body, especially in those individuals who tend to attribute physiological sensations to
emotional states more strongly. Therefore, individuals who have been exposed to maltreatment
may learn to use their bodily sensations in a more efficient way in order to recognize possible
threats and adjust their approach-avoidance behavior accordingly. In IBD, this coping
mechanism might result in a stronger activation of the ‘fight or flight’ system (Jansen et al.,
1995), leading to an amplified physiological stress response of the HPA axis and worsening
gastrointestinal inflammation (Mawdsley & Rampton, 2005). Hence, it could be speculated that
IBD patients reporting a history of ACE represent an especially vulnerable population, in which
these biological and psychological mechanisms might contribute to the greater risk of
developing a psychopathology (Moulton et al., 2019; Wan et al., 2022). Beyond its influence
on emotion perception, childhood maltreatment was also found to modulate the association
between interoception and body ownership in patients with IBD (RQ IV). In line with findings
from trauma-related mental disorders (Loffler et al., 2020; Rabellino et al., 2018), patients
reporting a severe history of ACE exhibited diminished levels of body ownership, particularly
for the parts of the body affected by their disease symptoms. However, with increasing IS, the

sense of ownership improved, suggesting an advantageous influence of interoception on this
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facet of body representations in patients reporting early life adversity. One possible explanation
for this link might be that individuals with a history of ACE tend to use physical detachment as
a coping strategy under high-stress conditions (Terock et al., 2016). When not treated timely,
the denial of bodily signals can result in dissociative behavior which is, however, not limited
only to threatening situations. Thus, it is conceivable that individuals who tend to use these
coping strategies on a regular basis, may exhibit persistent alterations in their body perception,
especially with respect to their sense of body ownership. Given our results of stronger body
ownership with higher IS, findings suggest that disturbances in this facet of body
representations in IBD might be balanced out through an improved ability to perceive and

evaluate interoceptive cues.

In recent years, the biopsychosocial model of disease has been repeatedly used to
explain the potential impact of various psychological factors on the development and
maintenance of IBD symptoms (Bitton et al., 2008a; Engel, 1981). In this section, I will
integrate the empirical findings presented in this doctoral thesis into this model, discussing their
role in the IBD symptomatology (Figure 16). As patients with IBD tend to experience disease-
related symptoms as distressing, this might result in an increased fear of unpleasant bodily
sensations and pain. To avoid confrontation with these, patients apply distraction as a
maladaptive coping mechanism, which in turn may reinforce patients’ visceral hypersensitivity
and gastrointestinal-specific anxiety. However, as intense emotions can be characterized by
strong visceral signals, which can be misinterpreted as disease-related sensations, patients with
IBD tend to extend their avoidance strategy also to the experience of emotions. This results in
a decreased perception of emotion-related bodily sensations and a more attenuated emotional
experience. Furthermore, the distraction from pain-related symptoms can result in a stronger
detachment from the body parts affected by these symptoms, leading to the experience of the
body as less belonging to oneself. As patients with IBD did not exhibit changes in the ability to
perceive their body signals accurately (IAcc) and also no alterations in their visceral sensations
(HRV) were found, the findings presented in this thesis imply that altered emotion processing
and body perception disturbances in IBD are rather associated with alterations in the appraisal

of these sensations.
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Figure 15. The biopsychosocial model of disease integrating biological, psychological, and
social factors of particular importance for the maintenance of the IBD symptomatology.

Constructs investigated in the present thesis are colored in grey.

3.2 Clinical implications

As several studies have indicated a significantly higher prevalence of ACE and psychiatric
comorbidities in IBD populations (Bernstein et al., 2018; Fuller-Thomson et al., 2015; Lewis
et al., 2019; Wan et al., 2022), some clinical implications for the implementation of
psychotherapeutic treatments in IBD should be discussed based on the results presented in this

dissertation.

Given our findings of altered emotion perception in IBD, the implementation of
interoceptively focused techniques as a supplementary part of patients’ treatment might be of
particular importance. Mind-body interventions, such as mindfulness-based stress reduction
(Kabat-Zinn, 2003), emphasize the role of bodily sensations and their appraisal as crucial for
how individuals cope with stress and emotions (de Jong et al., 2016; Garland et al., 2012; Lutz
et al.,, 2013). Applying such interventions in IBD can enhance patients’ sensitivity to their

emotion-related bodily signals (Bornemann et al., 2015; Davey et al., 2020; Fischer et al., 2017)
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while simultaneously promoting the implementation of skillful strategies for coping with
intense emotional states. In addition, cognitive behavioral therapy (CBT) can improve patients’
ability to implement more adaptive regulatory strategies to cope with emotional stress,
including relaxation techniques (Jacobson, 1938), cognitive reappraisal and acceptance
(Wolgast et al., 2011). Through acceptance of their emotions and the corresponding
physiological reactions of the body, patients can learn to observe these sensations without
immediately feeling overwhelmed and trying to avoid these by using distraction. Therefore, by
modifying how patients evaluate the bodily sensations elicited by emotional triggers, such
interventions can improve patients’ flexibility in their emotional experience in everyday life
(Ardi et al., 2021; Wynne et al., 2019). Beyond their impact on emotional functioning,
interoceptively focused interventions can improve patients’ interoceptive sensibility and thus,
promoting more positive body-related attitudes in those patients who report difficulties in

perceiving their bodies as belonging to themselves or exhibit body image disturbances.
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Figure 16. IBD characterized by dysregulations of the brain-gut axis. Interventions such as
cognitive behavioral therapy, mindfulness and interceptive exposure are believed to address
these dysregulations in IBD through their effects on the central nervous system and the gut.
Figure adapted from “Brain-Gut Therapies for Pediatric Functional Gastrointestinal Disorders
and Inflammatory Bowel Disease” by H. Person & L. Keefer, 2019, Current Gastroenterology
Reports, 21(4),12. With permission from Springer (License number: 5235421441263, Jan 24,
2022).
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3.3 Limitations

Some limitations of the present work have to be considered. Firstly, as no clinical control group
was included, we cannot conclude whether our findings are limited only to IBD populations.
Since several previous studies demonstrated similar emotional dysfunctions in patients with
other gastrointestinal pathologies (e.g., irritable bowel syndrome), it is conceivable that the
observed alterations might constitute a transdiagnostic features of disorders characterized by

disturbances of the brain-gut axis (Berens et al., 2021; Elsenbruch et al., 2010).

Secondly, as the heartbeat tracking task has been heavily criticized for assessing IAcc
at rest, we tried to overcome this limitation by implementing a short physical exercise and
examining whether an increased activation of the ANS will affect participants’ interoceptive
abilities. However, as some patients reported joint pain, restraining them from performing this
physical challenge, the second run of the heartbeat tracking task included less participants than
the first one. Thus, future studies on interoception in IBD should consider implementing other
procedures to non-invasively increase the strength of participants’ heartbeats, such as a breath-
holding condition during the heartbeat tracking procedure (see Smith et al. (2021)). While the
lack of confidence ratings in this task can be considered as one further limitation (Murphy et
al., 2019), one should note that given the overall twenty trials performed by each participant,
asking these about their confidence after each trial would have extended the experimental
procedure significantly. Thus, in order to avoid higher psychological distress in the IBD group
due to an extremely long duration of the experiment, no data on participants’ confidence

judgments were collected.

Furthermore, in no one of the tasks, used to examine emotion processing, an emotion
induction was implemented. Instead, we asked participants to recall how their bodily sensations
change when they experience a particular emotion. Hence, we could not control whether
participants recalled comparably strong emotional situations and to what extent this recall might
have been biased. Moreover, because of the cross-sectional design of these data, we cannot
draw conclusions in regard to the direction of causality of the link between emotional
experience and interoception. Therefore, it remains unclear whether higher awareness of one’s
interoceptive signals intensifies the experience and the recall of emotion-related bodily
sensations or whether a stronger emotional experience promotes the improvement of one’s

interoceptive sensibility.
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With respect to the investigated sample, one should note that while our aim was to
recruit two groups equal in their number of female and male participants, the final HC group
consisted of slightly more females. Although our results did not reveal any significant effects
of this unequal gender distribution on emotion and body perception, future studies are asked to

replicate our findings in bigger samples by controlling for potential gender effects.

Finally, it should be mentioned that the severity of ACE reported in the IBD sample
was only moderate (Klinitzke et al., 2012). As contemporary findings emphasize the common
pathophysiological mechanisms between immune-mediated diseases, early life stress, and
psychopathology (Wan et al., 2022), one explanation for the lower prevalence of ACE could be
the exclusion of patients with comorbid psychiatric disorders. Thus, the present sample may
represent a rather resilient population with more adaptive coping with their experiences of
maltreatment. This restricts the generalizability of our findings to IBD patients with more
severe histories of ACE and comorbid mental disorders. Since the significance of childhood
traumatization in IBD might be underestimated in the current sample, our findings on the effects

of ACE need to be interpreted with caution.

3.4 Implications for future studies

With respect to interoception as multidimensional construct, our results point towards group
differences only in one of its dimensions: interoceptive sensibility (IS). As body signals
perception might be influenced by previously formed symptom-related memory structures, in
IBD, interoceptive signals from the gastrointestinal system might be perceived differently than
cardiac sensations. Hence, future studies investigating interoceptive abilities in this clinical
population are asked to implement measures of gastric interoception, such as the water load test
(WLT). In this non-invasive task, participants are asked to drink water until they feel sated and
again, until they can perceive their maximum stomach fullness (Herbert et al., 2012a; van Dyck
et al., 2016). By combining measures of cardiac and gastrointestinal IAcc, future studies can

shed light on the generalizability of interoceptive abilities in IBD.

Yet, patients with IBD were found to perceive less intense changes in their body
signals when experiencing positive and negative emotions. It remains, however, unclear
whether decreased emotion-related sensations are necessarily because of avoidance or
distraction strategies. For that reason, future studies are asked to examine the links between
emotion regulation and the perception of emotion-associated sensations in IBD. Since high

emotional awareness can result in an exaggerated perception of negative emotional states when
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adaptive regulatory mechanisms are missing, future research should further examine whether

higher emotional awareness is necessarily of advantage in IBD populations.

Contrary to our expectations, patients with IBD reported similar rates of ACE as healthy
participants. However, most of the studies suggesting a higher prevalence of childhood
maltreatment in IBD populations investigated mixed samples including patients with active
disease and comorbid psychiatric disorders (Ryan et al., 2013; Wan et al., 2022). Since ACE
can lead to dysfunctions of the HPA axis and the glucocorticoid signaling, both being crucial
to stress perception and inflammation, it can be speculated that patients reporting early life
stress might experience more often a relapse than non-affected patients. Moreover,
contemporary findings suggest high co-occurrence of history of ACE and psychiatric disorders
in patients with IBD (Wan et al., 2022). While this might explain why we did not observe higher
rates of ACE in the present IBD sample, future studies are needed to examine in more detail
how disease activity is linked to psychiatric comorbidity and a history of childhood
maltreatment. Especially the biological and neuroendocrine mechanisms underlying elevated
inflammation in individuals with ACE should be further investigated to gain more insight into

the pathophysiology of IBD and comorbid depression and anxiety.

While various studies demonstrated that interoception shares common neural
underpinnings with emotion and body perception (Craig, 2004; Terasawa et al., 2013; Zaki et
al., 2012), this thesis did not focus on the neural correlates of interoception. While our results
suggest a diminished perceived emotional reactivity in IBD, we cannot conclude whether these
alterations are associated with an aberrant representation of the emotion-related visceral
sensations in the somatosensory or the insular cortex (Berntson & Khalsa, 2021; Critchley &
Harrison, 2013; Singer et al., 2009; Wang et al., 2019). Here again, future research is needed to
examine whether the observed decreased emotional reactivity in IBD indicates an emotion
regulatory mechanism or an impaired integration of visceral and emotional percepts in the brain
(Azzalini et al., 2019). Moreover, as the sense of body ownership arises from the multisensory
integration of interoceptive and exteroceptive cues (Tsakiris et al., 2011), further insights into
the functional activity of interoception-related brain regions can contribute to a better
understanding of the observed diminished levels of body ownership in IBD (Craig, 2010; Mayer
et al., 2006).
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3.5 Conclusions

Despite the increasing interest in psychological factors affecting IBD, studies on emotion
processing are sparse and many questions remain unanswered. Not only emotional dysfunctions
but also disturbances in patients’ body perception have been shown to negatively influence
patients’ well-being (Banovic et al., 2020; Saha et al., 2015; Wilkinson et al., 2019). Beyond
its role in homeostatic regulation, interoception has been shown to shape individual’s emotion,
cognition, and behavior. Thus, this doctoral thesis was aimed at contributing to a better
understanding of the interplay between interoceptive processing, emotion and body perception

in IBD and how a history of adverse childhood experiences modulates their interrelations.

The empirical findings presented in this thesis indicate that while patients with IBD
do not differ in the ability to perceive their body signals, patients tend to appraise their visceral
sensations differently from healthy individuals. While IBD patients reported higher emotional
awareness, that is, the awareness that certain changes in one’s bodily sensations are triggered
by the experience of emotions, they also demonstrated a significantly lower emotional
reactivity, characterized by diminished bodily sensations related to the experience of positive
and negative emotions. However, higher levels of emotional awareness were found to intensify
the perception of these emotion-related sensations, indicating a significant link between
emotional awareness, as one key feature of interoceptive sensibility, and emotion processing in
IBD. In addition to the observed stronger detachment from one’s bodily sensations during
emotional experience, patients demonstrated diminished sense of body ownership toward body
parts affected by their pain-related symptoms. While interoceptive sensibility was not linked to
the extent to which patients experience their bodies as belonging to themselves, patients who
reported to be more aware of their interoceptive signals evaluated their bodies more positively.
Finally, a history of adverse childhood experiences was found to modulate the links between
interoception, emotion processing and body perception, being associated with stronger

experience of negative emotions and a significantly diminished sense of body ownership.

Overall, the data presented and discussed in the scope of this doctoral thesis indicate
persistent alterations in emotion and body perception in IBD. Our findings contribute to a better
understanding of emotional dysfunctions in IBD by demonstrating a diminished experience of
emotional states in the body, potentially resulting from the overgeneralized tendency to avoid
visceral sensations. The observed stronger detachment from one’s bodily sensations may reflect

a regulatory mechanism emerging from patients’ attempt to avoid distressing bodily sensations,
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associated with disease-related pain symptoms, which results not only in an altered experience
of emotions but also in a stronger detachment from the body parts affected by these symptoms.
As IBD patients reporting a history of ACE constitute an especially vulnerable population and
ACE was found to exaggerate disturbances in emotion processing, future psychological

interventions are asked to focus on these alterations and their links to childhood maltreatment.
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4 SUMMARY

Inflammatory bowel disease (IBD) is an immune-mediated condition, characterized by chronic
inflammation of the gastrointestinal tract. Since the course of the disease consists of alternating
periods of relapse and remission, patients with IBD experience higher levels of psychological
distress, poor quality of life, emotional and social burdens. In IBD, poor emotional functioning
as well as disturbances in patients’ body perception have been shown to negatively influence
patients’ well-being. Beyond its role in body’s homeostasis, interoception shapes individual’s
emotions and cognitions. The aim of this dissertation was to contribute to a better understanding
of the interplay between interoceptive processing, emotion and body perception in IBD and

how a history of adverse childhood experiences modulates their interrelations.

Interoception was examined as a multidimensional construct with its three dissociable
components: interoceptive accuracy, interoceptive sensibility, and interoceptive awareness.
Patients with IBD did not differ in their ability to perceive signals originating from the body
(interoceptive accuracy) or in their meta-awareness of this ability (interoceptive awareness).
With respect to their subjective experience of bodily sensations (interoceptive sensibility),
patients reported a stronger tendency to use distraction from interoceptive signals and to be
more aware that certain changes in one’s bodily sensations are associated with the experience
of emotions. Despite their higher emotional awareness, patients with IBD exhibited decreased
emotional reactivity, characterized by stronger detachment from their emotion-related bodily
sensations. As emotions can be associated with the perception of intense visceral signals, which
can be misinterpreted as disease-related sensations, patients with IBD seem to extend their
distraction strategy to the experience of emotions in the body. Furthermore, as patients reported
to experience body areas affected by their pain-related symptoms as less belonging to
themselves, this might imply that the distraction from unpleasant bodily sensations can result
in a stronger detachment from the body, contributing to body perception disturbances. With
respect to interoceptive sensibility, higher levels of emotional awareness were found to
intensify the perception of emotion-related bodily sensations in IBD. While interoceptive
sensibility was not linked to the extent to which patients experience their bodies as belonging
to themselves, patients who reported to be more aware of their visceral sensations evaluated
their bodies more positively. Finally, a history of adverse childhood experiences was found to
modulate the links between interoception, emotion processing and body perception, being
associated with stronger experience of negative emotions and a significantly diminished sense

of body ownership.
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Overall, the findings presented in this doctoral thesis point towards alterations in
emotion processing and body perception in IBD, which are still persistent during the periods of
disease remission. As the segment of IBD patients reporting adverse childhood experiences
constitutes an especially vulnerable group, future psychological interventions are asked to focus

on these specific alterations and their links to childhood maltreatment.
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5 LIST OF FIGURES

Figure 1. Visualization of the study setup. After completing all questionnaires, a resting ECG
(duration of 2 minutes) was recorded. Afterwards, participants performed an emotion
processing task. Again, before starting the Heartbeat tracking task, a resting ECG recording
was conducted. For more details on the trial structure of the Heartbeat tracking task please see

Fig. 2.

Figure 2. Trial structure of the Heartbeat tracking task. First, participants performed the HBT
for five different time intervals in a pseudorandomized order. Afterwards, they performed a
Time estimation task for the same time intervals. After a short physical challenge of ten squats
was implemented, participants performed once again the HBT, followed by the Time estimation

task.

Figure 3. Associations between interoceptive sensibility and emotional processing. Higher
ISemotional awareness (MAIA) scores were associated with higher negative valence (Fig. 3A) and

arousal ratings (Fig. 3B) of negative stimuli.

Figure 4. Associations between Interoceptive accuracy (HBT) and childhood traumatization
(CTQ score) before (Fig. 4A) and after the physical challenge (Fig. 4B). In contrast to the IBD
group (red line), HCs (grey dashed line) showed a significant negative correlation between
interoceptive accuracy and CTQ scores after the physical challenge. Note: the physical
challenge was implemented only in a subsample of 48 participants. CTQ, childhood trauma

questionnaire; HC, healthy controls group; IBD, inflammatory bowel diseases group.

Figure 5. Moderation effect of childhood traumatization (CTQ) on the link between [Semotional
awareness (MAIA) and perceived valence (Fig. 5A) and arousal (Fig. 5B) of negative stimuli.
Participants reporting higher CTQ scores (red line) and high ISemotional awareness reported higher
negative valence and arousal compared to individuals exhibiting high ISemotional awareness but
moderate (grey line) or low (blue line) traumatization. IS, interoceptive sensibility; CTQ,

childhood trauma questionnaire.

Figure 6. Perceived levels of overall changes in the body (A), sensations of activation (B), and
sensations of deactivation (C) in the body during the experience of positive and negative

emotions in HC (n =44) and IBD (n =41). * p <0.05
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Figure 7. Whole-body topographies visualizing the perceived activation and deactivation for
the experience of positive and negative emotions in IBD patients and HC (0 = “no

activation/deactivation”; 4 = “very strong activation/deactivation”).

Figure 8. Perceived levels of overall changes in the body (A), sensations of activation (B), and
sensations of deactivation (C) in the body during the experiences of relaxation and tension in

HC (n=44) and IBD (n =41).

Figure 9. Whole-body topographies visualizing perceived activation and deactivation for the
experiences of relaxation and tension in IBD patients and HC participants (0 = “no

activation/deactivation”; 4 = “very strong activation/deactivation”).

Figure 10. Left panel: Whole-body templates visualizing the distribution of the experienced
changes in the body. Right panel: Overall change scores for the experience of happiness, anger,

fear, and surprise in the body. * p < .05, ** p < .01

Figure 11. Group differences in the perceived overall changes in the bodily sensations across

all ROLI.

Figure 12. Grand averages of the body topographies for (A) reported pain experience during
the last four weeks preceding the experiment (0/white = “no pain at all”; 4/red= “very strong
pain”), (B) body evaluation (-4/blue = “very much dislike”; 4/red= “very much like”), and (C)
body ownership (-4/blue= “does not belong to myself”’; 4/red= “belongs to myself”). Note: for
illustration purposes the colour bars have been adjusted differentially to the range of values for

the different instructions.

Figure 13. Association between gastrointestinal-specific anxiety (VSI total score) and body
evaluation of the abdomen (0 = “very negative”; 9 = “very positive”) among IBD patients.
Participants reporting higher gastrointestinal-specific anxiety rated their abdomen as less

positive, indicating higher body dissatisfaction with this pain-associated body area.

Figure 14. Moderation effect of adverse childhood experiences (CTQ total score) on the link
between interoceptive sensibility (MAIA total score) and body ownership of the abdomen (-4=
“low ownership”; 4= “high ownership”) in IBD (Fig. 14A) and HC participants (Fig. 14B). The
interaction between ACE and interoceptive sensibility was significant only in the IBD group

and only for patients with moderate CTQ scores (solid black line in Fig. 14A).
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Figure 15. The biopsychosocial model of disease integrating biological, psychological, and
social factors of particular importance for the maintenance of the IBD symptomatology.

Constructs investigated in the present thesis are colored in grey.

Figure 16. IBD characterized by dysregulations of the brain-gut axis. Interventions such as
cognitive behavioral therapy, mindfulness and interceptive exposure are believed to address
these dysregulations in IBD through their effects on the central nervous system and the gut.
Figure adapted from “Brain-Gut Therapies for Pediatric Functional Gastrointestinal Disorders
and Inflammatory Bowel Disease” by H. Person & L. Keefer, 2019, Current Gastroenterology
Reports, 21(4),12. With permission from Springer (License number: 5235421441263, Jan 24,
2022).

Figure S1. Experimental task overview. Participants were asked to color the body areas they
feel becoming more activated or deactivated by selecting a color from a 9-point color bar

ranging from blue (- 4 = “very strong deactivation”) to red (4 = “very strong activation”).

Figure S2. Pre-defined regions of interest (ROI). ROI included the head, chest, arms, abdomen,
legs, and the back of the presented body template.

Figure S3. Means and standard deviations of the reported overall perceived bodily changes,
activation, and deactivation in all pre-defined regions of interest for positive emotions (left plot)

and negative emotions (right plot). Red bars indicate IBD group, white bars indicate HC group.

Figure S4. Means and standard deviations of the reported overall perceived bodily changes,
activation, and deactivation in all pre-defined regions of interest for relaxation (left plot) and

tension (right plot). Red bars indicate IBD group, white bars indicate HC group.

Figure S5. Perceived changes in the bodily sensations for the experience of sadness, disgust,

and a neutral emotional state.

Figure S6. Bodily activation associated with the experience of the six basic emotions in IBD

(red) and HC (grey). * p < .05, ** p < .01

Figure S7. Box plots visualizing the medians and data ranges of the reported overall bodily

changes across all ROI.
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Figure S8. Box plots visualizing the medians and data ranges of the reported bodily activation

across all ROL.

Figure S9. Box plots visualizing the medians and data ranges of the reported bodily

deactivation across all ROL.

Figure S10. Pain-related ROI with mean pain intensity > 1.60 computed across all participants
(N=85). Colored body areas (head, abdomen, back) were used as pre-defined ROI for further
analyses. Disease-specific ROI includes the abdomen (red area), disease-unspecific ROI

included the head (pink area) and the back (dark red area).

Figure S11. Distribution of whole-body scores for pain experience during the last four weeks

prior the experiment. Scores were computed across n=85 participants (M = 1.61; SD = 0.74).
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Table 5.3 Group differences in pain experience, body evaluation and body ownership. DS-ROI
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verbessern. Er und seine Kollegen am Universitétsklinikkum Mannheim haben mich stets bei

der Rekrutierung der Patienten unterstiitzt und haben dadurch das Projekt am Laufen gehalten.

Auch meinen Kollegen vom GRK 2350 mochte ich ganz herzlich fiir die groBartige
Zusammenarbeit danken. Es war eine riesige Hilfe dieses feste soziale Netzwerk im Laufe der
Promotion zu haben und zu wissen, dass man nie im Stich gelassen wird. Die letzten 3 Jahre
waren aufregend, stressig, bereichernd, manchmal auch anstrengend und schwierig. Es war aber
eine der schonsten Erfahrungen, dass ich diese Zeit zusammen mit meinen Kollegen und
Freunden vom GRK verbringen durfte. Ich habe in dieser Gruppe Menschen kennengelernt, die
mir ans Herz gewachsen sind. Vor allem mochte ich mich bei Ezgi Erol bedanken fiir die
wunderbare, lustige und aufregende Zeit, die wir zusammen verbracht haben. Danke, dass du
trotz allem an meiner Seite geblieben bist und immer an mich geglaubt hast! Aulerdem bedanke
ich mich herzlich bei Anna Schulze dafiir, dass sie den Endspurt dieser Arbeit erleichtert hat,

immer ein offenes Ohr fiir mich hatte und fiir ordentlich Weingummis-Nachschub gesorgt hat.

Mein besonderer Dank gilt meinen Freunden, die diese harte Zeit mit mir durchgemacht haben.
Vor allem Radina Petkova, die fast alle Phasen dieser Arbeit hautnah erleben durfte. Danke,
dass du mich nie aufgegeben hast und dass du mich immer ermutigt hast. Ich habe in dir eine
Freundin fiirs Leben gefunden und ohne deine stetige emotionale Unterstiitzung in den letzten
Jahren hitte ich wahrscheinlich schon ldngst meine wissenschaftliche Karriere aufgegeben.

Danke, dass du zu jeder Tages- und Nachtzeit flir mich da warst, unabhéngig davon, was ich
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gerade gebraucht habe. Ein herzliches Dankeschon gilt meinen Freundinnen Kalina Vasileva,
Gabriela Stoyanova und Sophie Speth. Danke, dass ihr mich immer ermutigt habt und mich
immer zum Lachen gebracht habt, selbst wenn es mir zum Weinen zumute war. Es tut mir
aufrichtig leid, dass ich euch hdufig wegen dieser Arbeit vernachldssigt habe. Ich weil3 eure

Unterstiitzung zu schétzen!

Ich mochte mich auBBerdem bei allen meinen ZIPP Kollegen fiir die inspirierenden Gespriche,
Kaffeepausen und fachlichen Diskussionen bedanken. Es war mir eine Freude mit euch zu

arbeiten. Ihr habt die Pandemie fiir mich weniger einsam und deutlich ertriaglicher gemacht.

Besonders dankbar bin ich Dr. Andreas Bohringer. Dich zu Beginn dieser Reise zu treffen war
das Schonste, was mir passieren konnte. Danke, dass du meine Hand gehalten hast, mir immer
Mut gemacht hast und die Klangschale angeschlagen hast, wenn das alles mir doch viel zu viel
geworden ist (buchstdblich und metaphorisch). Du hast alle Phasen dieser Arbeit miterlebt und

bist dennoch bis zum Schluss da geblieben, dafiir danke ich dir aus tiefstem Herzen!

Voller Dankbarkeit bin ich meiner Familie, die nie daran gezweifelt hat, dass ich diese Arbeit
erfolgreich abschlieBen werde. Thr wart mit eurer bedingungslosen Liebe immer fiir mich da.
Vor allem bin ich meiner Mutter dankbar, dass sie an mich geglaubt hat und mir geholfen hat,
meine Traume zu verwirklichen. Ohne deine Unterstiitzung hétte ich das alles nicht erreichen
konnen, Mama! Nicht zuletzt mochte ich mich bei meinen Grof3eltern bedanken. Meiner Oma,
die mich immer aufgemuntert hat und meinem Opa, der mir alle Fertigkeiten beigebracht hat,

die diese Arbeit liberhaupt mdglich gemacht haben.

Diese Arbeit widme ich meinem Opa Vilya.

Ha cemeiicTBOTO MU:

biaronaps By, 4ye npe3 UsAI0TO TOBA BPEME U3IIBJIIHEHO C TPYIHOCTH, PaJOCT, YCIIEXU U €MOLIMU
HE M€ OCTAaBHXTE HUTO 32 MUT Jla C€ CbMHSABAaM B ycliexa Ha Ta3u paborta. Ha mbpBO MscTO
Omaronapst Ha pOJUTEINTE CH, Y€ HUKOTa He 3aryOuxa Bsipa B MeH. Mamo, TaTe, BUe BUHATU
OsIXTe Ha pa3IoIOKEHHE U CIIO/ICTNXTE C MEH KaKTO XyOaBUTE TaKka M TPy IHUTE CTPaHU Ha Ta3u
paborta, 3a TOBa I1e CbM BH Be4HO OsiarogapHa! Mamo, Garonapsi, 4e BApBall B MEH M TIO3BOJIH

Ha MCUTUTC MU [1a CTaHAT PCaJIHOCT. be3 TBOsITA noaKpera HAMale aa 61:2[21 TYK, KbACTO CbM
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cera. Ot Bce cbpiie Omaronapst Ha moute 6ada u namo, Kanuna u Bust TomaiieBcku, KOUTO Me
Japuxa cbC CBosiTa Oe3yciaoBHa obwd. [0, Omaromaps T, 4ye Me HAy4H Ja MpecleaBam
LIEJIUTE CHU C JUCLHUININHA U OTAaJIEHOCT.

Tasu pabota nocsemasam Ha Te0.
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