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Abstract (1)

ABSTRACT (1)

Anxiety is an emotion state that involves behavioural, psychological and
physiological changes. Importantly at its excessive expression, anxiety is
usually approached as a mind-body multisystem condition specifically
characterized by feelings of tension, worried thoughts and physical changes

that can lead to significant distress.

The aetiology of anxiety disorders (ADs) still remains unclear. However
clinical and neurophysiological studies have described some important
predisposing factors. Accordingly trait anxiety, body awareness and
interoception have been widely used as vulnerability traits and potential
markers for hypochondriasis, anxiety and somatization. In addition several
brain regions have a key role in the development and maintenance of ADs,
mostly those conferring the so called emotional brain (e.g.: amygdala,
anterior cingulate cortex, insula and hippocampus). Besides Joint
Hypermobility Syndrome (JHS), which is an inherited generalized collagen
condition associated with abnormal autonomic reactivity, has shown to be a
risk factor for developing ADs. Importantly, recent findings have point out a
possible association between body awareness and JHS as well as specific
brain regions that are likely to mediate the clinical expression of anxiety

through JHS.

In order to better understand the aetiology of anxiety and somatic
symptoms and thus help improving the treatment of ADs, we explore
biological traits and neurophysiological substrates of anxiety and somatic

symptoms in a general population with different ranges of joint

Xl



Abstract (1)

hypermobility (JH) as well as different ranges of non-clinical anxiety. Hence
we conducted two different studies to: (1) explore the association between
body awareness, sate anxiety and JH and (2) identify neural correlates of JH
and trait/social anxiety. In the first study, all participants underwent a
clinical examination for hypermobility, undertook tests of interoceptive
sensitivity and completed questionnaire measures of state anxiety and body
awareness. Also, some participants performed an emotional processing task
during fMRL. In the second study, all participants were assessed with a
structured clinical examination for hypermobility, completed validated
guestionnaire measures of anxiety tendency (i.e.: trait and social anxiety)

and underwent a functional emotional paradigm using fMRI techniques.

Results showed that state anxiety negatively correlates with the
attention regulation subscale and the trusting body sensations subscale of
the body awareness self-reported measure. Also state anxiety positively
correlated with higher accuracy of interoceptive sensitivity. JH was
associated with higher state anxiety and demonstrated higher interoceptive
accuracy than non-JH. Still, our mediation analysis revealed that
interoceptive sensitivity mediated the association found between JH and
state anxiety. Likewise, JH individuals were found to present a discrete but
stronger neural reactivity to affective stimuli in brain areas known to be
involved in emotional processing (particularly in anxiety) and interoception
(i.e.: insula, brainstem), when compared to non-hypermobile participants.
Results also show a significant association between trait anxiety and social
anxiety, and between trait anxiety and JH. Our ROI analyses showed no

associations with BOLD signals and the anxiety measures. However when
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studying JH scores, ROl analyses showed a positive association between
BOLD signals in the hippocampus as a response to crying faces compared to
neutral faces. Additionally, the whole brain analysis showed that
hypermobility scores were positively associated with an increased BOLD
signal in some other key affective processing areas, such as the middle and
anterior cingulate cortex, the fusiform gyros, the parahippocampal region,

the orbitofrontal cortex and the cerebellum.

We present the first neuroimaging study of the relationship between
anxiety tendencies (state-trait anxiety, social anxiety and hypermobility)
that also examines interoceptive sensitivity in a non-clinical sample. Our
findings have the potential to increase our understanding of the
mechanisms through which vulnerability to anxiety disorders and somatic
symptoms arises in people with trait anxiety, enhanced interoception

and/or JH.
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Abstract (2)

ABSTRACT (2)

L'ansietat és una emocié que involucra canvis fisiologics, psicologics i
comportamentals. Quan I'ansietat és excessiva i per tant desadaptatitva, es
caracteritza per sentiments de tensidé, de preocupacié i, s’Tacompanya de
diferents sensacions corporals desagradables que produeixen gran

malestar; minvant aixi I'autonomia personal del que la pateix.

La etiologia dels trastorns d’ansietat encara és poc clara. No obstant,
estudis clinics i neurofisiologics han descrit alguns factors de predisposicid
ansiosa que resulten ser claus en el desenvolupament i manteniment
d’aquests trastorns. Entre aquests factors de predisposicié destaquen
I'ansietat tret, la consciéncia corporal i la interocepcid, que han estat
ampliament descrits com a trets de vulnerabilitat i marcadors potencials
per a la hipocondria, I'ansietat i la somatitzacié. A més a més varies regions
cerebrals hi tenen també un rol clau, especialment les que conformen
I’'anomenat cervell emocional (ex.: amigdala, cortex cingulat anterior, insula
i hipocamp). Per ultim destacar també la Sindrome d’Hiperlaxitud Articular,
una anomalia col-lagena generalitzada que esta associada a irregularitats en
la reactivitat autonomica i descrita com a factor de risc pels trastorns
d’ansietat. A més a més, troballes recents han destacat la possible
associacido entre la consciencia corporal i la hiperlaxitud articular, com
també determinades zones cerebrals que podrien mediar I'expressio clinica

d’ansietat a través de la laxitud articular.

Per tal de comprendre millor la etiologia de I'ansietat i els simptomes

somatics i, aixi ajudar a millorar el tractament dels trastorns d’ansietat,
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Abstract (2)

explorem trets biologics i neurofisiologics d’ansietat en una poblacié que
presenta diferents graus de laxitud articular i d’ansietat no clinica.
Realitzem doncs dos estudis diferents: (1) explorar I'associacié entre la
consciencia corporal, I'ansietat estat i la laxitud articular i, (2) identificar
correlats neuronals d’ hiperlaxitud articular, ansietat tret i ansietat social.
En el primer estudi, tots els participants van ser examinats a través d’una
exploracio clinica d’ hiperlaxitud articular, van realitzar tasques per mesurar
la capacitat interoceptiva i van completar qulestionaris per mesurar les
tendéncies ansioses (ansietat estat) i la consciéncia corporal. També,
alguns participants van realitzar una tasca de processament emocional
mitjancant teécniques de ressonancia magnetica funcional. En el segon
estudi, tots els participants van ser examinats a través de la mateixa
exploracio clinica per I’hiperlaxitud articular, van completar qliestionaris per
mesurar tendéncies ansioses (ansietat tret i social) i van formar part d’un
paradigma emocional mitjangant técniques de ressonancia magnética

funcional.

Els resultats obtinguts mostren que [I'ansietat estat correlaciona
positivament amb la capacitat interoceptiva (elevada percepcié dels batecs
del cor) i negativament amb dos de les subescales de mesura de consciéncia
corporal: capacitat de regular I'atencié i confianca vers les sensacions
corporals. Per altra banda, |’ hiperlaxitud articular s’associa amb
puntuacions més elevades en ansietat estat i s'observa que la capacitat
interoceptiva fa de mediadora en I'associacié obtinguda entre hiperlaxitud
articular i ansietat estat. De la mateixa manera, els participants hiperlaxes

presenten una reactivitat discretament més elevada en arees involucrades
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en el processament interoceptiu (insula, tronc encefalic) durant un
paradigma d’estimulacié afectiva que els participants no hiperlaxes. Els
resultats també mostren associacions significatives entre I'ansietat tret i
I’ansietat social, i entre I'ansietat tret i la laxitud articular. Els analisis ROl no
mostren cap associacié entre la resposta BOLD i les mesures d’ansietat. No
obstant, quan estudiem les puntuacions de laxitud articular en el contrast
emocional (cares plorant vs. cares neutres), els analisis ROl mostren una
associacié positiva de la resposta BOLD a I’hipocamp com a resposta del
paradigma emocional. A més a més, les analisis exploratories no corregides
mostren que les puntuacions en laxitud articular correlacionen
positivament amb l'increment de la resposta BOLD en altres arees
importants pel processament afectiu: cortex cingulat anterior i mitja, girus

fusiforme, area parahipocampal, cortex orbito frontal i cerebel.

Presentem el primer estudi de neuroimatge sobre I'associacié entre
diferents tendéncies ansioses (ansietat estat-tret, ansietat social i laxitud
articular) que també explora la interocepcié en una poblacié no clinica. Els
nostres resultats tenen el potencial de millorar els coneixements dels
mecanismes a través dels quals la vulnerabilitat pels trastorns d’ansietat i
els simptomes somatics apareixen en persones amb ansietat tret, capacitat

interceptiva i hiperlaxitud articular.
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Introduction

1.1  ANXIETY STATES
1.1.1 Anxiety as an emotion: from adaptive to excessive anxiety

Anxiety is an emotion characterized by feelings of tension, worried
thoughts and physical changes like increased blood pressure that interact
(American Psychological Association, 2014). Like all emotion states it can be
experienced in varying degrees of intensity, frequency and duration. At a
low range of expression, anxiety is adaptive and necessary for everyday life.
However at an upper range (i.e.: when its expression is excessive in
magnitude and/or duration and frequency) it can be overwhelming, hugely
disruptive and evolve into different symptoms and into pathological

anxiety.

Anxiety Disorders (ADs), which represent variant forms of pathological
anxiety, are a group of mental disorders characterized by excessive and
persisting feelings of fear, anxiety and related behavioural disturbances that
interfere with a person’s functioning and cause significant distress
(American Psychiatry Association, 2013). Essentially, in its adaptive forms,
fear is an emotion reaction to present events that protects us from current
danger and anxiety is an emotion that prepares us to predict, control and
avoid those danger events at the first place. This two states overlap, but
they also differ: fear is more often associated with urges of autonomic
arousal (necessary for fight or flight), thoughts of immediate danger and
escape behaviours whereas anxiety is more often associated with muscle
tension, cautious or avoidant behaviours and hypervigilance in preparation

for future danger (American Psychiatry Association, 2013).
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In ADs, biological, physiological, psychological, and social factors interact
to create and maintain the described disruptive fear/anxiety feelings and its
physical symptoms as well as behavioural maladaptive consequences
(Barlow, 2002). There are various types of ADs, including Panic and Phobic
Disorders, Generalized Anxiety Disorder (GAD), Separation Anxiety
Disorder, Selective Mutism, Separation Anxiety Disorder and Anxiety
Disorders induced by substance/medication or due to another medical
condition (American Psychiatry Association, 2013). While each AD can be
distinguished by its own characteristics, all of them include symptoms of
anxiety. Thus, there are some common emotional (e.g.: uneasiness, fear,
distress), cognitive (e.g.: negative and worry thoughts), behavioural (e.g.:
avoidance, attachment undue) and physical (e.g.: tachycardia, muscle

tension, dizziness) symptoms of anxiety and all them are crucial in ADs.

Somatic symptoms are usually key features of pathological and high
state anxiety and are always linked to an acute activation of sympathetic
axis of the Autonomic Nervous System. As for its nature, its manifestations
cannot be considered in one dimension but in a multisystem approach,
which includes musculoskeletal (e.g.: muscle tension, shakiness),
respiratory (e.g.: dyspnoea), cardiovascular (e.g.: tachycardia),
gastrointestinal (e.g.: diarrhoea), skin (e.g.: sweatiness), and genitourinary
(e.g.: frequent urinary urgency) body systems. The perception and
interpretation of these bodily states also play an important role in the
pathogenesis of ADs and are extremely linked to the emotion state of the

individual (Clark, 1986; Clark & Wells, 1995; Clark et al., 1997).
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Epidemiological studies of adult community samples indicate that ADs
are one of the most commonly occurring of the mental health disorders,
affecting around 69.1 million individuals across Europe (Olesen, Gustavsson,
Svensson, Wittchen & Jonsson, 2012; Sansone & Sansone, 2010). ADs
typically have an early onset, usually last more than 6 months and
frequently develop a chronic or relapsing course. As for its nature, they
usually cause significantly prolonged distress and lifetime quality
impairment (Rapaport, Clary, Fayyad & Endicott, 2005). There are different
prevalence rates described for the disorders that comprise this
heterogeneous condition, among them Social Anxiety Disorder (SAD, 10%)
and Specific Phobia (SPh, 6-12%) have the highest lifetime prevalence. The
remaining ADs, including Agoraphobia with and without Panic Disorder (PD)
and GAD, have lifetime prevalence ratings of between 2 to 5% (Kessler,
Ruscio, Shear & Wittchen, 2010). Moreover, evidence suggest that women
are at considerable greater risk for suffering of anxiety and ADs than men;

approximately a 2:1 ratio (American Psychiatry Association, 2013).

The aetiology of ADs is complex and still remains partly unknown.
However it is widely accepted that there are multiple and inter-related
factors involved in the development of pathological anxiety. These factors
can be mainly categorized into biological vulnerabilities (e.g.: neural indices,
genetic markers, trait anxiety, neuroticism, interoceptive sensitivity),
psychological vulnerabilities (early learning experiences) and environmental
stimuli and influences (life experiences). Once the biological and
psychological vulnerabilities are in place, the environment can act as a

trigger (Barlow, 2002). Each AD have different risk and prognosis factors,

5
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however behavioural inhibition and neurotic disposition (negative
affectivity and anxiety sensitivity) have shown to be relevant to most ADs
(i.e.: phobic disorders, panic disorders, GAD) (See Table 1 for diagnostic
features as well as risk of ADs not Substance/medication-induced, according

to American Psychiatry Association, 2013: DSM-5 classification).
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Table 1. Anxiety Disorders, not substance/medically-induced, classification and

specific characteristics according to the Diagnostic and Statistical Manual of

Mental Disorders, fifth Edition (DSM-5) (American Psychiatry Association, 2013).

ANXIETY DISORDERS

DIAGNOSTIC FEATURES

RISK FACTORS

Specific Phobia

Persistent and out of
proportion fear/anxiety about
or avoidance of circumscribed
None

objects or situations.

specific cognitive ideations.

Temperamental: negative
affectivity, behavioural inhibition.
Environmental: parental loss and
separations or overprotectiveness,
Genetic  and

among others.

physiological: still being studied.

Social Anxiety
Disorder (Social

Phobia)

Fear, anxiety  about or
avoidance of social interactions
and situations that involve the
possibility of being scrutinized.
The cognitive ideation is of
being negatively evaluated or

offending others.

Temperamental: Underlying traits
like behavioural inhibition and
evaluation.

childhood

fear of negative
Environmental:
and

maltreatment adversity.

Genetic and physiological: the
described temperamental traits

are genetically influenced.

Panic Attack (PA)

Abrupt surges of intense fear
or intense discomfort that
reaches a peak within minutes,
accompanied by physical and/

or cognitive symptoms.

Temperamental: negative
affectivity and anxiety sensitivity
(for the onset). History of “fearful
spells” for later PA.
Environmental: smoking and
identifiable individual stressors in

the months before the first PA.
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Panic Disorder (PD)

Recurrent unexpected PA and
persistent concerns or worries
about having more panic
attacks or changes in his or her
behaviour in maladaptive ways

because of the PA.

Temperamental: the risk status for
the diagnosis for PD is still
unknown (see PA). Environmental:
see PA. Genetic and physiological:
multiple genes confer vulnerability
to PD; however the exact genes
remain unknown. Neural systems
models for PD emphasize the

amygdala and related structures.

Agoraphobia

Fear/anxiety about two or
more of the following: using
public transportation, being in
open spaces or in enclosed
places, standing in line or being
in a crowd, being outside of the
home alone. With thoughts
that escape might be difficult
or help might be unavailable if
developing panic symptoms or
other incapacitating or

embarrassing symptoms.

Temperamental: Behavioural
inhibition and neurotic disposition
(negative affectivity and anxiety
sensitivity). Environmental:
Negative events in childhood and
other stressful events (e.g.: being
attacked or mugged). Genetic and
physiological: Heritability for
agoraphobia is 61% (the strongest
and most specific association with
the genetic factor that represents

proneness to phobias).

Generalized Anxiety

Disorder

Persistent and excessive
anxiety/worry about various
domains that the individuals
find difficult to control. Also
experiences of physical

symptoms (e.g.: restlessness)

Temperamental: Behavioural
inhibition, negative affectivity and
harm avoidance. Genetic and
physiological: 1/3 of its risk is
genetic and overlaps with the

neuroticism risk.
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Selective mutism

Consistent failure to speak in
social situations in which there
is an expectation to speak even
though the individual speaks in

other situations.

Environmental: Social inhibition on
the part of parents. Genetic and
physiological: overlap with social
phobia, may be shared genetic

factors between these conditions.

Separation anxiety

disorder

Fear /anxiety about separation
from attachment figures to a
degree that is developmentally
inappropriate. Symptoms
often develop in childhood but
they can be expressed

throughout adulthood as well.

Environmental: often develops
after life stress, especially a loss.
Genetic and physiological:
heritability is estimated at 73% in
a community of six-years-old

twins. No references in adulthood.
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1.1.2 Mind-body interaction models of emotion creation and anxiety

The mind and the body are intrinsically and dynamically coupled;
perceptions, thoughts and feelings change and respond to the state of the
body and vice-versa. Thus, to better understand the manifestations of
pathological anxiety and its somatic symptoms a mind-body approach of

emotion creation is required.

As mentioned above, emotions are commonly viewed as psychological
states that involve behavioural, psychological and physiological changes and
anxiety is usually approached as a mind and body multisystem condition.
For many vyears, different empirical and scientific-based models have
emerged in order to explain the creation of emotions in general and anxiety
in particular in a mind-body context. Among them, of special relevance and
influence are those of Clark and the cognitive-perceptual models’ as well as

the Damasio’s “Somatic marker hypothesis”.

Firstly, cognitive models (Clark, 1986; Salkovskis & Clark, 1993; Clark &
Wells, 1995; Clark et al., 1997) emphasize the role of individual
psychological processes in the perception and interpretation of one’s bodily
state and environment. The misinterpretations of body symptoms can lead
to an amplification of these symptoms. Recent studies have shown how
cognitions retain a central role in shaping the perception and interpretation
of bodily sensations of arousal. The misattribution and misinterpretations
of these feelings are recognised key factors in the development of anxiety
states including panic and anxiety-related somatic symptoms (Herbert,

Muth, Pollatos & Herbert, 2012). These findings have enlightened the
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understanding of anxiety disorders and enabled treatment improvements

(Clark & Beck, 2010; Hilchey, & Clark, 2014).

Secondly there is the notion of ‘somatic markers’, a theory that have
provoked much discussion on the understanding of the subjective
experience of emotion, where emphasis is given to visceral signals to
emotional stimuli. Somatic marker hypothesis (SMH) is a modern successor
and extension of the “James—Lange” theory of emotions (1884) proposed
by Damasio (1996) and Craig (2004). According to James theory, emotions
occur as a result of physiological reactions to events and interpretations of
the afferent information from the body. The SMH was first proposed by
Damasio (1996), and it postulates that bodily expression of emotion (e.g.
autonomic arousal responses) can occur in the absence of awareness and
bias behaviour and decision-making. For Damasio, emotion is the
representation and regulation of homeostatic changes that occur in
different levels of the body and brain in given situations. Thus, the brain
makes predictions regarding the source of sensory information and adjusts
these predictions against the information returning through the senses. In
this framework, interoception processes play an important part
underpinning processes such as preconscious homeostatic regulation,
behavioural biases to the conscious experience of emotional feelings and

the continuity of self-representation (Seth, Suzuki & Critchley, 2011).

Anxiety is coupled to both, the representation of the bodily arousal
states and to the expectations and predictions about these bodily states
(Critchley, Wiens, Rotshtein, Ohman & Dolan, 2004; Critchley & Harrison,

2013). The mismatch between actual and anticipated arousal states is of
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utmost importance in the expression of anxiety. Furthermore, pre-existing
states and traits are embedded within these processes and are described to
be crucial vulnerability factors in the development of anxiety and somatic
symptomatology (Paulus & Stein, 2006; Barlow, 2002) (See Figure 1 for this

integrative model of anxiety and somatic symptoms).

The current understanding of mind-body interaction has allowed a
better insight into the expression of adaptive and pathological emotions
and cognitions as well as a better knowledge of the interactions that are
presumed to fuel the development and maintenance of anxiety and somatic
symptomatology. However, there is still a long way to go in improving the

treatments given to these health impairments.

12



€1

Figure 1. Mind-body interaction: underlying processes that presume to take place in developing and maintaining

anxiety and somatic symptomatology.
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1.2 BODY AWARENESS AND INTEROCEPTION

1.2.1 Body awareness definition

Body awareness is a construct that has emerged as a focus of scientific
interest across a wide range of health topics. The term body awareness
refers to both the attentional focus to the body senses and the capability to
be aware of these sensations (Bekker, Croon, van Balkom & Vermee, 2008).
This attention and capability to focus and detect bodily symptoms has
usually been studied in anxiety and PD as a cognitive attitude characterized
by an exaggerated focus on physical symptoms, rumination and
magnification (“somatosensory amplification”). Thus, body awareness has
been widely used as a vulnerability trait and a potential marker for
hypochondriasis, anxiety and somatization (Kirmayer & Looper, 2006;
Abramowitz, Schwartz & Whiteside, 2002; Cioffi, 1991). Accordingly, it has
usually been conceived as a maladaptive cognitive attribution to the highly

perceived bodily states.

Concerning body senses and in order to better understand its
implications, it is also important to distinguish between these three
concepts (Sherrington, 1906; Laskowski, 2000): “Proprioception”, which is
the sense of the relative position of neighbouring parts of the body and
strength of effort being employed in movement; “Exteroception” which is
the sense of the outside world; “Interoception” which is the sense of the
inner body (vide infra) and is highly relevant for the understanding of the
underlying mechanisms of anxiety, thus highly relevant for the aims of this

research project.
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1.2.2 Interoception and its role in anxiety

Interoception is the ability to perceive changes in the physiological state
of the body (Craig, 2003) and it is viewed as a constitutional trait of an
individual which is stable over the lifespan. Furthermore, as previously
mentioned, the perception of body states is considered to be essential to
the generation of emotional feeling states (Damasio, 1996; Clark, 1986).
The term interoception was first formulated by Sherrington (1906) to
distinguish it from other types of body-sensation including proprioception

which is nevertheless closely associated.

Interoception has recently been described at different levels and
considered along three main dimensions (Garfinkel & Critchley, 2013) that
describe the three different interoception constructs most commonly

measured and investigated:

1) Interoceptive sensibility: dispositional tendency to be internally
focused and hold self-referential beliefs about body tendencies (usually
measured by questionnaires were individuals can express their subjective

perception of their body tendencies).

2) Interoceptive sensitivity: objective accuracy in detection internal
bodily sensations (largely measured by heartbeat detection or tracking

tasks in laboratory premises).

3) Interoceptive awareness: metacognitive awareness of interoceptive
sensitivity ‘how well you know that you know” (e.g.: can be measured by
confidence indexes when performing heartbeat tasks in laboratory

premises or questionnaire measures). It is strongly influenced by mental
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processes including attention, interpretation, appraisal, beliefs, memories,

conditioning, attitudes and affect.

While strong emotional feelings are associated to stronger bodily
responses, this effect is amplified in people with better representations of
these changes. Individuals who present high levels of accuracy in judging
their bodily signals (interoceptive sensitivity) experience emotions more
intensely (Pollatos, Traut-Mattausch, Schroeder & Schandry, 2007; Wiens,
Mezzacappa & Katkin, 2000). Besides, recent studies have suggested that
interoceptive awareness modulates this enhanced intensity of the
subjective emotion experience and affects individual traits related to

emotion processing (Terasawa, Moriguchi, Tochizawa & Umeda, 2014).

Furthermore, behavioural studies consistently report a positive
relationship between higher levels of anxiety and enhanced interoceptive
sensitivity (measured using heartbeat detection tasks) in either ADs or
general population samples (Mor & Winquist, 2002). Specifically, higher
interoceptive sensitivity is found among PD individuals when compared to
healthy participants (Domschke, Stevens, Pfleiderer & Gerlach, 2010) and it
is reported to the same level in SAD, GAD and SPh (Tsakiris, Tajadura-
Jiménez, Costantini, 2011). Interoceptive sensitivity is also positively related
to anxiety measures in healthy subjects (Critchley et al., 2004; Willem Van
der Does, Antony, Ehlers & Barsky, 2000). Additionally interoceptive
awareness (metacognitive awareness of inner body states) has repeatedly
been studied in anxiety and PD; high anxious individuals are conceived to
present a maladaptive metacognitive attitude to body symptoms that lead

to their magnification. There are generally two components of
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metacognition: knowledge about cognition, and regulation of cognition

(Schraw & Gregory, 1998; Beer & Moneta, 2012).

However, interoceptive awareness has also been proposed as a key
component for the sense of self (Ehlers, Mayou, Sprigings & Birkhead,
2000). Thus, an alternative view of body awareness has emerged showing
that the capacity to regulate affective arousal may be enhanced by
heightened awareness of internal states (Flink, Nicholas, Boersma, Linton,
2009; Mehling et al.,, 2011). Likewise, ‘mindfulness-based’ therapeutic
approaches have taken an alternative view of body awareness as promoting
an adaptive, mindful and self-accepting approach to bodily attention
(Kabat-Zinn, 1991; Kabat-Zinn, 1996). However, while mindfulness practice
usually trains an enhanced awareness of bodily responses, performance
accuracy on heartbeat perception tasks (i.e. interoceptive sensitivity) is
generally not improved (Parkin et al.,, 2013). Interestingly, people’s
confidence in their heartbeat task accuracy (a metacognitive judgement of
interoceptive awareness) does improve. These results reinforce the notion
that interoceptive sensitivity is a trait that is not easily modified but that
higher-level predictions about bodily state may be tuned to be more

effective.
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1.3 JOINT HYPEROMBILITY SYNDROME
1.3.1 Clinical and diagnostic features

Joint Hypermobility (JH) is an inherit collagen condition characterized by
an increased joint mobility in passive and active movements. Collagen is a
connective tissue fibrous protein component of bone, cartilage, tendon,
blood vessels and other body constituents. This inherit qualitative collagen
variation described in JH can cause a wide range of symptoms. When these
symptoms occur, the condition is termed Joint Hypermobility Syndrome

(JHS) and considered a systemic multisystem affection.

The estimated prevalence of JH in the general population (Western
European) ranges between 10-15% and it is described to be higher in
Chinese, Indians and Middle Eastern groups. It has a strong genetic
component with autosomal dominant pattern; first degree relatives with
the disorder can be identified in 50% of cases and it’'s more frequent in
women than in men (3:1) (Ross & Grahame, 2011; Hakim, Cherkas,
Grahame, Spector & MacGregor, 2004). JHS usually goes undiagnosed and
its real prevalence in general population still reminds unknown. However
some studies have shown a prevalence of 45% in reumathological clinical
samples (Bravo & Wolff, 2006; Ross & Grahame, 2011; Beighton &
Grahame, 2012)

There are a number of heritable related connective tissue disorders
which present JH, such as Ehlers-Danlos Syndrome type 1 and 2, Marfan
syndrome and JHS itself. As for their clinical manifestations, JHS (also

referred as Ehlers-Danlos type 3) is described to have the lowest symptom
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severity of all them. Still, it usually goes unnoticed and it can develop into a

chronically disabling condition for particular individuals.

JHS presents multiple clinical features which are associated with the
collagen abnormality and can be either articular or extra-articular:
widespread musculoskeletal pain, multiple soft tissue lesions and fragility of
supportive connective tissue and skin. In addition to the skin and
musculoskeletal manifestations, JHS is associated with an increased
incidence of mitral valve prolapse and high elasticity of the aortic wall
(Grahame, Edwards, Pitcher, Gabell & Harvey, 1981; Yazici et al, 2004),
hypotension, asthma (Morgan, Pearson, Davies, Gooi & Bird, 2007), severe
Raynaud’s phenomenon and gastro intestinal problems (reflux, irritable
bowel syndrome, diverticulosis) (Fikree et al., 2014), as well as autonomic
symptoms (Grahame & Hakim, 2008; Gazit, Nahir, Grahame & Jacob, 2003),
anxiety disorders (particularly panic, agoraphobia and social phobia)
(Bianchi, De Lima, Udina, Martin-Santos, Crippa, 2011; Martin-Santos et al.,
1998) and some functional illnesses such as fibromyalgia, temporo
mandibular joint disorder and chronic pain and fatigue (Keer & Grahame,

2003; Murray, Yashar, Uhlmann, Clauw & Petty, 2013).

In clinical practice as well as in research bases, the most frequently used
scoring systems for JHS are the Beighton scale (Beighton, Grahame & Bird,
1989), the Brighton’s (Grahame, Bird & Child, 2000) and Hospital del Mar’s
criteria (Bulbena et al., 1992). The Beighton score system is fast and easily
conducted. It requires a physical examination consisting of five items
(describing nine movements), that explores the joint mobility range of 5

body areas: wrists/thumb, knees, spine/hips, paired elbows and fifth
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metacarpo-phalangeals. The maximum score is nine and the arbitrary cut-
off point is set at 4 or more out of nine (see Table 1). Thus, scoring 4 or
more is arbitrarily considered an indicative of the presence of generalized
JH. This scoring system was originally set for epidemiological and research
purposes and does not explore JH symptoms but only the mobility of the

joints (JH) as an indicative of the collagen alteration.

Brighton criteria were published in order to improve the Beighton scores
by adding some extra-articular features that could enable the diagnoses of
the JHS and not only the presence of JH. Specifically, it consists of two
major and eight minor criteria that endorse the revised Beighton system
and, in addition, includes some other principal symptoms (e.g.: joint pain,
dislocations, soft tissue lesions, uterine prolapse). Also, it proposes different

cut-off points according to the age of the individual.

The Hospital del Mar criteria were obtained after a multivariate analysis
of margins from the original Carter & Wilkinson’s, the Beighton’s and the
Rotés’ scoring systems. This new scale showed consistent indicators of
reliability, internal consistency and predictive validity and provided
evidence for using different scores for each gender. It consists of ten items
(measuring articular and extra-articular features) and similarly to the
Beighton’s method one point is given for each criterion up to a maximum
score of 10; a high score may be an indicative of JHS. Authors propose a cut-
off point of 3/4 for men and 4/5 for women. Correlation between these

systems is high but the scope is slightly different.

Despite diagnoses and clinical protocols have changed since JHS was first

described, its multifaceted nature often leads to confusion in making its
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diagnosis and it often remains unrecognized. Hence the scientific
community highlights the necessity to intensify the attention given to this
condition as well as further specify and unify the cut-off points and gold
standards of the JHS validated criteria (Remvig, Flycht, Christensen & Juul-
Kristensen, 2014; Ross & Grahame, 2011; Remvig et al., 2011) which still

remains debated.

21



Introduction

Table 1.Nine-point Beighton score for joint hypermobility syndrome

One point is gained for each side of the body for the first four movements
listed below, such that the hypermobility score is a maximum of 9 if all are
positive.

1. Passive apposition of the thumbs to the flexor aspects of the
forearm (one point for each thumb).

2. Hyperextension of the knee beyond 102 (one point for each knee).

3. Passive dorsiflexion of the little fingers beyond 902 (one point for
each hand).

4. Hyperextension of the elbows beyond 102 (one point for each

elbow).

5. Forward flexion of the trunk with knees fully extended so that the

palms of the hands rest flat on the floor (one point).

(8]
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Table 2. Brighton criteria for classification of joint hypermobility syndrome

(1998).

JHS is diagnosed in the presence of two major criteria, one major criterion
plus two minor criteria or four minor criteria. Two minor criteria will suffice
where there is an unequivocally affected first degree relative. The
syndrome is excluded by the presence of Marfan’s or Ehlers-Danlos
syndromes (other than the hypermobility type of Ehlers-Danlos syndrome).

Major criteria
eBeighton score of 24 (either currently or previously)
eArthralgia for longer than three months in four or more joints
Minor criteria
eBeighton score of 1, 2, or 3 (0, 1, 2, or 3 if aged >50 years)

eArthralgia in one to three joints or back pain or spondylosis,
spondylolysis and/or spondylolisthesis

eDislocation in more than one joint or in one joint on more than one
occasion

*Three or more soft tissue lesions (e.g., epicondylitis, tenosynovitis,
bursitis)

eMarfanoid habitus (tall, slim, ratio of span to height greater than
1.03 and/or ratio of upper segment to lower segment less than
0.89, arachnodactyly)

*Abnormal skin: hyperextensibility, thin skin, papyraceous scarring
*Eye signs: drooping eyelids, myopia, or antimongoloid slant

eVaricose veins, hernia, or uterine or rectal prolapse
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Table 3. Hospital del Mar criteria (Bulbena et al., 1992) for JHS.

Male patients scoring 4 or more are considered cases; female patients are
considered cases with scores 5 or over.

Upper extremities

e Passive apposition of the thumb to the flexor aspect of the fore
arm at a distance oflessthan21mm.

¢ The passive dorsiflexion of the fifth finger is 902 or more.
e The active hyperextension of the elbow is 102 or more.
e External rotation of the shoulder up to more than 85¢9.

Lower extremities. Supine position

e The passive hip abduction can be taken to an angle of 852 or
more.

e Hypermobility of the rotula.

* Hypermobility of the ankle and foot.

e Dorsal flexion of the toe of 902 or more.
Lower extremities. Prone position

e Hyperflexion of the knee.

e Ecchymoses.
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1.3.2 Anxiety and the role of collagen tissue

The association between anxiety and JHS was first observed in clinical
practice when clinicians noticed that a wide array of the anxiety patients
seeking for treatment did also present JHS. The first study reporting this
association dates of 1988 (Bulbena, Durd, Mateo, Porta & Vallejo, 1988)
and it was later replicated in 1993 (Bulbena et al. 1993); both case-control
studies conducted within rheumatologic outpatient population. Results
revealed that 67.7% of the JHS patients did also present anxiety and
confirmed the statistical significance of this association when compared to
a non-hypermobile sample. Specifically, JHS patients presented higher
prevalence of PD, SPh and SAD when compared to the control group. No

associations were found between JHS and GAD.

The first evidence of this association in a clinical anxiety sample was
reported in a case-control study conducted for Martin-Santos et al. (1998).
Results showed a 70% prevalence of JHS within the PD group, which was
significantly higher than the prevalence observed in the control groups (i.e.:
psychiatric disorders control group, medical with non-anxious history
control group). These was then further tested in general population
samples, showing that non-clinical JH participants presented higher
probabilities to suffer from PD, SAD and/or Agoraphobia (Bulbena et al.,
2004a) and also presented higher trait anxiety when measured by means of
STAIl-trait (Bulbena et al., 2004b). Besides, in a longitudinal study JH was
found to be a risk factor for developing anxiety disorders (Bulbena et al.,

2011).
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The robust and already widely acknowledged association between JHS
and ADs in general has specifically proven to be even stronger within PD
and SAD (Garcia-Campayo, Asso, Alda, 2011; Garcia-Campayo, Asso, Alda,
Andres, & Sobradiel, 2010). Additionally, recent studies have reported that
JHS individuals also experience significantly greater perceptions of fear,
somatic symptoms and functional illnesses and have a higher probability of
demonstrating depression than those without JHS (Smith, et al., 2014;
Garcia-Campavo et al, 2011). Finally, a new contribution has recently been
made on this matter; an unexpected association between JHS and
obsessive-compulsive personality disorder (O-CPD) has emerged. JHS
patients showed a high rate of personality disorders (21%) and an observed
prevalence rate of 10.6% for O-CPD (Pasquini et al., 2013), a personality
disorder extremely linked to anxiety. Replications of these results are still

needed.

Despite the described clinical associations are widely studied and
corroborated, their underpinning mechanisms still remain unclear. There is
evidence that PD and JHS individuals could share a common genetic
aetiology characterised by a DUP25 mutation (Gratacos et al., 2001; Collier,
2002; Tabiner, et al.,, 2003; Weiland, Kraus & Speicher, 2003). However,
further studies will help to disentangle and better understand this major

genetic susceptibility factor for panic/phobic ADs and JHS.

1.3.3 Dysautonomia (Autonomic Dysfunctions)

A further factor may underlie the association of JHS and anxiety in the

form of autonomic conditions. Autonomic Dysfunctions (or Dysautonomia)
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are any disease or malfunctioning of the autonomic nervous system which
cause a large variety of symptoms (e.g.: heart rate and blood pressure

alterations) that can greatly alter a person’s quality of life.

Autonomic dysfunctions symptoms have been reported to occur in JHS
including fatigue, syncope, palpitations, heat intolerance, nausea, chest
discomfort, etc. Still, JHS has not only been associated to these symptoms
but also to the following Autonomic Conditions: Postural Orthostatic
Tachycardia Syndrome (POTS), Orthostatic Hypotension and uncategorized
orthostatic hypotension. According to a relatively recent study, Autonomic
conditions’ prevalence in JHS rates up to 78% whereas in non-JHS is of 10%

(Gazit et al., 2003).

Furthermore, this increasingly recognized association between JHS and
autonomic conditions has been supported by different recent studies
conducted with different sample populations. Accordingly, in a recent study
50% of POTS patients express JHS (Mathias, et al, 2011). One account
attributes the postural tachycardia to a deficit in normal vascular response
(vasoconstriction) consequent upon abnormal vascular collagen, suggesting
the link between JHS and anxiety may in part originate from constitutional

differences in cardiovascular responsiveness.
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1.4 EMOTIONAL BRAIN AND NEUROIMAGING
1.4.1 Emotion and anxiety: neuroimaging features

Numerous neuroimaging studies have been conducted so far to
determine structural and functional neuronal pathways of emotion and
pathological anxiety. To do so, studies have been focused in both non-
clinical and clinical samples. Notably the study of individuals suffering from
pathological anxiety has not only explored different brain representations
as compared to non-clinical individuals but also specific characteristics that
differ among the ADs. Still human models of anxiety in healthy individuals
help to reveal neural pathways underlying the development of ADs. In its
non-pathological form anxiety can be divided into two categories: state
anxiety which is a measure of the immediate level of anxiety and trait
anxiety which reflects the long-term tendency of an individual to show an

increased anxiety response.

The study of human ADs has benefited greatly from these neuroimaging
techniques that have promoted the identification of structural and
functional characteristics underlying anxiety emotional response and widely
contributed to the diagnosis and treatment of these mental disorders
(Paulus, 2008). Thus neuroimaging data raises the question of the
neurobiological cause of ADs, opening up new reflections not only on

treatments but also on the nosology of these disorders.
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Structural Magnetic Resonance Imaging (sMRI) studies

Structural magnetic resonance imaging (sMRI) has enabled mapping of
the anxious human brain and has contributed substantially to the
understanding of anxiety. The consulted structural neuroimaging studies
conducted with healthy subjects in anxiety indicate that left amygdala
volumes predict anxiety with decreased amygdala volumes associated with
higher anxiety on both state and trait anxiety measures (Blackmon K, 2011).
Furthermore, studies implicate reduced thickness in medial orbitofrontal
cortex and volume increase in nucleus accumbens with trait anxiety (Kiihn,
Schubert & Gallinat, 2011; Spampinato, Wood, De Simone & Grafman,
2009) with also some rising results that correlated trait anxiety with
volumetric differences in the temporal lobe (e.g.: hippocampus) (Montag,
Reuter, Jurkiewicz, Markett & Panksepp, 2013). Thus, the volumetric
variability on these regions may be associated with the development of trait

anxiety and be implicated in the pathogenesis of ADs.

Likewise, the studies conducted with clinical samples are of utmost
importance. The most consistent finding in quantitative neuroimaging
studies of PD and Agoraphobia show a reduced volume of Amygdala,
Hippocampus (particularly the left parahippocampal gyrus, which is a region
that surrounds the hippocampus) and also a volume reduction in some
cortical areas such as anterior cingulate cortex (ACC), orbitofrontal cortex
(OFC) as well as temporal and frontal cortices, as compared to control
individuals. Furthermore, they can also show increased volume (grey matter
increase) in the brainstem nuclei (involved in the autonomic arousal

circuitry and specifically shown to be involved in the generation of panic
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attacks), the insula, superior temporal gyrus (Uchida et al., 2008; Del Casale
et al., 2013; Protopopescu, et al. 2006; Lai & Wu, 2012; Dresler, et al.,
2013). Moreover, phobic avoidance may be related to abnormalities at the
temporal lobe, prefrontal cortical areas, and brain stem and, anticipatory
anxiety may be related to abnormalities of limbic structures (Freitas,
Busatto, McGuire & Crippa, 2008). Few studies using sMRI in GAD have
been conducted so far; however there is a possible association with this
disorder and larger amygdala and dorsomedial prefrontal cortex (DMPFC)
volumes (Schienle, Ebner & Schéafer, 2011; Ferrari, Busatto, McGuire &
Crippa, 2008). Finally, brain structure studies on anatomical differences in
SAD report mixed and partially contradictory findings. Although some
studies report no differences in whole brain analyses and in ROls analyses
(amygdala, putamen, caudate and thalamus) when comparing SAD
individuals to healthy controls (Argyropoulos, Bell & Nutt, 2001; Freitas et
al., 2008), some recent studies bring up indicators of structural differences
such as cortical thickness increased in left insula, right ACC and right
temporal pole as well as in right dorsolateral prefrontal cortex (DLPFC) and
right parietal cortex when comparing SAD individuals to control ones (Brihl

et al.,, 2013).

In conclusion, studies of anatomical differences in anxiety suggest a
structural anxiety network and raise the possibility that structural
abnormalities may result in a greater vulnerability to anxiety or conversely
that elevated anxiety symptoms may result in structural changes. However,
the exact brain circuitry and the mechanisms wunderlying AD

pathophysiology still remain in debate.
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Functional Magnetic Resonance Imaging (fMRI) studies

Functional magnetic resonance imaging (fMRI) has enabled mapping the
activity of the emotion related brain areas associated to anxiety and has
contributed substantially to the understanding of pathological anxiety.
Importantly, the majority of functional neuroimaging studies investigating
emotional responses and pathological anxiety are designed according to
symptom provocation paradigms (e.g.: face paradigm with angry faces
presented to individuals with different ranges of social anxiety scores) in

order to elicit specific emotions (Holzschneider & Mulert, 2011).

There is substantial evidence from neuroimaging studies that in humans,
the extent to which a stimulus is identified as emotive and linked to the
production of an affective state appears to depend upon the level of activity

within two neural systems (Phillips, Drevets, Rauch & Lane, 2003):

(1) A ventral neural system including the amygdala, insula, ventral
striatum, ventral ACC and PFC that supports the identification of
the emotional significance of a stimulus, production of an
affective state and the automatic regulation of emotional

responses.

(2) A dorsal neural system including the hippocampus, dorsal ACC and
PFC that supports the regulation of affective states and

subsequent behaviour.

The interplay of these systems is indeed involved in the expression of
fear and anxiety. Specifically hyperactivity of the Amygdala during symptom

provocation is related to the experienced symptoms of anxiety (Damsa,
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Kosel & Moussally, 2009) and hyperactivity of regions referred as “the fear
network” are involved in both the development and maintenance of anxiety
conditions (Phan, Wager, Taylor & Liberzon, 2002; Etkin, 2010; Nitschke,

Sarinopoulos, Mackiewicz, Schaefer & Davidson, 2006).

“The fear network regions” entail ACC that is involved in approach,
avoidance and fear learning (Onoda, et al. 2008; Milad et al., 2007), Insula
that is a central structure for emotion processing, subjective feelings and
interoceptive awareness (Critchley et al., 2004) and the Amygdala itself
(Bremner, 2004; Kent & Rauch, 2003) that has a critical role in threat
assessment. However there are more brain structures that presume to be
involved in anxiety and are described to present enhanced activity during
symptom provocation, such as the orbitofrontal cortex (OFC) that is
relevant for computing and in the service of decision making, the
ventromedial prefrontal cortex (VMPFC) and the hippocampus, both
displaying a top-down governance over the amygdala and capable of
inhibiting fear responding. Furthermore hippocampus is also involved in the
mediation of contextual conditioning (Craske et al., 2009; Brooks et al.,
2012; Bach et al., 2014). Finally, subcortical centres such as hypothalamus
and periaqueductal grey matter also contribute to anxiety through more
proximal coupling of bodily states to motivational feelings, including fear
(Feinstein et al., 2013). Markedly, amygdala and insula connectivity during
emotion processing has also been observed in anxiety-prone individuals
(i.e.: individuals with increased trait anxiety rates) (Stein et al., 2007) and in

negative affectivity (Vizueta, Patrick, Jiang, Thomas & He, 2012).
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These data suggest that ADs may be usefully conceptualized as
differentially affecting emotional reactivity and regulatory processes that
involve different neurobiological mechanisms. A growing body of data have
reported the implication of the already mentioned brain regions in all the
ADs (including amygdala, insula and hippocampal areas) yet no differential
and specifically sustainable data in fMRI is found for any of the ADs
individually (Damsa et al, 2009; Holzschneider & Mulert, 2011). For
example, according to face processing paradigms SAD is described as a
dysfunction of five main cerebral areas: Amygdala, MPFC, Insula,
Hippocampus and the DLPFC (Pietrini, 2010; Blair, 2011; Pejic, Hermann,
Vaitl, & Stark, 2013) and PD with Agoraphobia revealed enhanced
activations in areas associated with the fear circuit including amygdala,
insula and hippocampal areas in response to emotional valence paradigms

(Wittmann, et al., 2011).

In conclusion, ADs are associated with higher activity of the “fear
network” during symptom provocation (hyperactivated amygdala, cingulate
cortex and insula) and insufficient top-down regulation through frontal
brain region (Holzschneider & Mulert, 2011). Notably amygdala, insula and
ACC hyperactivity during symptom provocation is consistent with the role of
these regions in the generation and representation of visceral arousal states

linked to emotional feelings (Critchley & Harrison, 2013.

1.4.2 Interoception in emotion and anxiety: brain representation

Human neuroimaging studies identify a set of brain regions as neural

substrates for emotional feelings, affective responses and the
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representation of internal bodily signals. Insular cortex is particularly linked
to the representation of internal bodily responses and it has therefore been
proposed as interoceptive cortex (Critchley et al., 2004). However
amygdala, hypothalamus, OFC and especially ACC also share the property of
bidirectional functional connections to the autonomic nervous system and
support behaviours and/or cognitions associated with mood and motivation

(Craig, 2009).

During performance of heartbeat perception tasks (a paradigm designed
for measuring interoceptive sensitivity) in healthy individuals, right and
anterior insula and ACC activity predicts actual interoceptive sensitivity
(task performance accuracy). Also enhanced activities in insula,
somatomotor and cingulate cortices are associated to good performance in

heart perception tasks (Pollatos, et al., 2007).

Brain activation during emotional and/or interoceptive judgements
overlap in anterior insula and adjacent inferior frontal operculum (Zaki,
Davis & Ochsner, 2012) and the engagement of anterior insular cortex is
shown to mediate the relationship between interoceptive sensibility and
social anxiety. Still, functional analyses link right insula to individual
experiences of anxiety, consistent with this region as the substrate through
which interoceptive representations emerge as consciously accessible
emotional feeling states (Critchley et al, 2004). Furthermore right anterior
insula and VMPFC are activated when evaluating self-referential statements
relating to both bodily states and emotional feelings (Terasawa, Fukushima

& Umeda, 2013). Importantly, these studies suggest that the role of these
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brain regions in ADs and fear/anxiety circuitry may be grounded on

interoceptive processing (Damsa et al., 2009; Nagai Kishi, & Kato, 2007).

1.4.3 Joint hypermobility: brain structural differentiation

Up until now no studies have been conducted with functional
neuroimaging techniques in hypermobile samples and only one with
structural neuroimaging techniques. In this relatively recent and small
study, non-clinically anxious individuals with JH (cut-off point set at scoring
more than one at the Beighton criteria) from a general population sample
were shown to manifest structural differences in emotional-processing
brain regions, notably having larger amygdala volume bilaterally compared

to participants without hypermobility (Eccles et al., 2012).

Interestingly this same study (Eccles, et al., 2012) shows that JH
participants score higher on tests of interoceptive sensibility (subjective
awareness of internal body measured by means of “Porges body perception
guestionnaire” (PBPQ)) and present a trend towards higher anxiety

(assessed with the beck anxiety inventory) than the ones with no JH.
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1.5 AIMS AND HYPOTHESES
1.5.1 Experimental approach and global aim

For many years clinical researches have been studying anxiety and
somatic symptoms in order to better understand their aetiology and thus,
improve their treatments. In particular, some traits such as interoception or
trait anxiety have been described to be high risk factors for developing ADs

and somatic conditions.

Additionally, JHS is a multisystem collagen condition that has not only
been strongly linked to anxiety and somatic symptoms but has also been
described as a high risk factor for developing ADs (specially the
panic/phobic ones). However, little is yet known about the biological and

neurophysiological mechanisms underlying this clinical association.

The global aim of this research project is to explore biological traits and
neurophysiological substrates of anxiety and somatic symptoms in general
population with different ranges of hypermobility as well as different

ranges of non-clinical anxiety.

We divided this project in two main aims that lead to two different
studies. The main and specific aims of each of them, as well as the

hypotheses are describe below.

1.5.2 Main aims

e To clarify the association among anxiety, body awareness and JH in a

non-clinical sample.
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To identify neuronal correlates of JH and anxiety tendencies (i.e.: trait

anxiety and social anxiety) in a non-clinical sample.

1.5.3 Specific aims

Study 1

To study the association between state anxiety and body awareness.

To elucidate whether state anxiety is associated with higher accuracy in

interoceptive sensitivity.

To establish whether Joint Hypermobility individuals present higher

state anxiety as compared to non-Joint Hypermobility individuals.

To study the association between Joint Hypermobility and body

awareness.

To explore the association between Joint Hypermobility and

interoceptive sensitivity.

To explore specific brain reactivity in structures associated with
interoceptive sensitivity (i.e.: insular cortex and anterior cingulate

cortex) during emotional processing in Joint Hypermobility.

Study 2

To study the association among Joint Hypermobility, trait anxiety and

social anxiety.

To identify whether brain reactivity of emotional regions to the
presentations of visual stimuli with emotional valence is associated with

a non-clinical range of trait anxiety and social anxiety.
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To explore whether brain reactivity of emotional regions to the
presentations of visual stimuli with emotional valence is associated with

joint hypermobility.

1.5.4 Hypotheses

Study 1

1.

38

State anxiety will be associated with body awareness measures: it will
positively correlate with perception of body sensations but negatively
correlate with adaptive cognitive tendencies towards body sensations

(e.g.: tendency not to worry about body sensations).

State anxiety will be positively correlated with higher interoceptive

sensitivity accuracy.

Joint Hypermobility individuals will be associated with higher state

anxiety.

Joint Hypermobility individuals will present higher perception of body
sensations and lower adaptive cognitive tendencies towards body

sensations (e.g.: tendency not to worry about body sensations).

Joint Hypermobility individuals will present higher interoceptive

sensitivity accuracy.

The underlying neural substrates of interoception (i.e.: insular cortex
and anterior cingulate cortex) will be associated to hypermobility

through an enhanced affective reactivity.
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Study 2

7.

Joint Hypermobility and anxiety scores (i.e.: trait and social anxiety) will

all be positively correlated.

Trait and social anxiety will positively correlate with higher BOLD signal
in anxiety described regions of interest (i.e.: amygdala, cingulate cortex,
insula, hippocampus and orbitofrontal cortex) in response to stimuli

with emotional contents.

Joint Hypermobility will positively correlate with higher BOLD signal in
anxiety described regions of interest (i.e.: amygdala, cingulate cortex,
insula, hippocampus and orbitofrontal cortex) in response to stimuli

with emotional contents.
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Methods

2.1 STUDY 1: Joint hypermobility, body awareness and anxiety.
2.1.1 Participants

The final sample consisted of thirty-six healthy volunteers (16 male and
20 female) that participated in the study after informed consent and
eligibility screening (were hypermobility was considered and neurological or
psychiatric disorders were excluded). All participants underwent a
structured clinical examination for hypermobility, undertook tests of
interoceptive sensitivity and completed validated questionnaire measures
of state anxiety and body awareness tendency. Twenty right handed
participants randomly selected from this sample also performed an
emotional processing task during fMRI, lasting approximately 20 minutes
that were divided into two functional runs of 10 minutes each. One
participant was removed from the fMRI analyses due to non-compliance
with experimental procedures and excessive movement in the scanner,

resulting in 19 (9 male and 10 female) right handed participants.

This study was approved by the local Research Ethics and Governance
Committee. Accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-
sided test, 16 subjects were necessary in each group to recognize as
statistically significant a difference greater than or equal to 0.5 units in
interoceptive sensitivity. The common standard deviation is assumed to be
0.5. For correlation analyses 37 participants were estimated necessary, with

a correlation coefficient of 0.45.

2.1.2 Measures
Ratings of state anxiety were acquired using the State Trait Anxiety
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Inventory (STAI), state sub-scale (Spielberger, Gorsuch & Lushene, 1970); it
consists on 40 items in a Likert scale of 3 points that evaluate state anxiety.
Hypermobility symptoms were quantified using the Beighton clinical
exploration of JH (Beighton et al., 1989) which was conducted by a trained
and validated clinician (according to the basis of the clinical
rheumatologists’ standards, kappa inter-examiners reliability ranged from
0, 8 to 1). The Beighton scoring system consists of five items that describe
nine movements for exploring the mobility grade on some of the patient
joints; the highest score is nine and an accepted cut-off point among the
scientific and clinical community is 25 for women and >4 for men.
Interoceptive sensitivity was measured by objective means using
adaptations of two different heartbeat detection tasks (mental tracking and
heartbeat perception; Schandry, 1981; Katkin, Wiens & Ohman, 2001).
Participants’ body sensibility (i.e. their subjectively assessed body
sensations) and the mental processes and cognitive disposition towards
body sensations (body and interoceptive awareness) (Garfinkel & Critchley,
2013) was also inferred from answers on the Multidimensional Assessment
of Interoceptive Awareness (MAIA) questionnaire (Mehling et al., 2012)
which is composed of the following sub-scales: Noticing (awareness of
uncomfortable, comfortable, and neutral body sensations), Not-Distracting
(tendency not to ignore or distract oneself from sensations of pain or
discomfort), Not-Worrying (tendency not to worry or experience emotional
distress with sensations of pain or discomfort), Attention Regulation (ability
to sustain and control attention to body sensations), Emotional Awareness
(awareness of the connection between body sensations and emotional

states), Self-Regulation (ability to regulate distress by attention to body

44



Methods

sensations), Body Listening (active listening to the body for insight) and

Trusting (experience of one’s body as safe and trustworthy).

Heartbeat detection tasks

Interoceptive sensitivity was assessed using two tasks: these were
modified versions of the heartbeat perception task (Katkin et al., 2001) and
the mental tracking task (Schandry, 1981), run using in-house Matlab
software (Mathworks Inc. Sherborn, M.A.). In the heartbeat perception
task, each participant was asked to judge whether a tone was or was not
synchronised with his/her heartbeat across 15 different blocks. Each block
consisted of 10 tones presented at 440 Hz and having 100ms duration,
triggered by the participant’s heartbeat. Presentation of the tones was
timed to coincide with systole (i.e. the cardiac ejection period, when
heartbeats are typically felt) or to occur later (i.e. delayed relative to the
heartbeat). Tasks were run using a pulse-oximetry signal from the left index
finger. Assuming an average delay of 250 ms between the R-wave and the
arrival of the pulse wave (e.g., Payne, Symeonides, Webb & Maxwell, 2006),
this task setup delivered tones at around 250 ms or 550 ms after the ECG R-
wave, corresponding respectively to the maximum and minimum
synchronicity judgements reported in systematic studies of heartbeat
detection (Wiens & Palmer, 2001). In the mental tracking task, the
participant was asked to count silently each heartbeat felt (without
manually checking) over cued intervals; i.e. from the time he/she heard
“start” to when he/she heard “stop”. This task procedure was repeated
over six intervals, using time-windows of 25, 30, 35, 40, 45 and 50s,

presented in randomised order. Following each block of both tasks
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described, the participant responded with a judgment

(synchronous/asynchronous or number of heartbeats).

2.1.3 Functional neuroimaging paradigm

During fMRI acquisition each participant was presented with images
projected on a screen depicting neutral, angry or sad scenes in successive
counterbalanced blocks. Images were derived from the International
Affective Pictures System (IAPS; Lang, Greenwald, Bradley & Hamm, 1993)
and supplemented with similar valence-matched images. Participants were
trained on the paradigm before scanning. The functional imaging study was
split into two different runs: each run started with a fixation cross that
lasted 10 seconds. Images were blocked in fours by emotion-type and each
image was displayed for 5 seconds, with 10 seconds separating each block.
Each participant completed 40 randomised blocks, viewing 72 neutral
pictures, 32 angry scenes, 32 anger eliciting and 32 sad pictures. During the
task the participant performed an incidental task deciding whether pictures

depicted animate or inanimate scenes.

2.1.4 Image acquisition parameters

Neuroimaging data were acquired using a Siemens Avanto 1.5 Tesla MRI
scanner (Siemens, Erlangen, Germany) with 32 channel headcoil and
upgraded gradients. Functional imaging involved the acquisition of echo-
planar datasets sensitive to BOLD (Blood Oxygen Level Dependent) contrast
from axial slices (anterioposterior phase encode direction) tilted 30 degrees
from intercommissural plane to minimize T2* signal dropout from

orbitofrontal and anterior temporal regions. Thirty-five 3 mm slices with a
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0.75 mm interslice gap provided full brain coverage with an in-plane
resolution of 3 x 3 mm (TE 42 ms, volume TR 2.620 ms). Following
acquisition of the functional dataset, full brain T1-weighted structural scans
were acquired from each participant (MPRAGE, 0.9 mm3 voxels, 192 slices,

1,160/4.24 ms TR/TE, 300 ms inversion time, 230 x 230 mm2 FOV).

2.1.5 Image processing

Images were pre-processed within SPM8 (http://
www.fil.ion.ucl.ac.uk/spm/) implemented in MATLAB 7.14 (Mathworks Inc.
Sherborn, M.A.). The initial four functional volumes were discarded to allow
for equilibration of net magnetization. Images were then spatially realigned
and unwrapped, and spatially normalized to standard MNI space (Montreal
Neurologic Institute) and movement regressors added. Normalized
functional scans were smoothed with an 8 mm Gaussian smoothing kernel

using SPM8.

2.1.6 Statistical neuroimaging analysis

At the first level of analysis, neural activity inferred from voxel-wise
changes in BOLD response across conditions were assessed for each
participant according to the general linear model. The regressors-of-interest
were convolved with the canonical hemodynamic response function
implemented in SPM and optimal parameter estimates were computed
using a least squares function. The models at the first level were
constructed coding for emotion type: angers scenes versus neutral scenes,
sad versus neutral scenes (corresponding to an increased neural response

for the sad or anger scenes, as compared to neutral scenes) was applied to
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estimate the effect size for each participant and generate the associated

statistical parametric map.

Second level analyses isolated brain activity pertaining to these
emotional contrasts as a function of the variable of interest (hypermobility).
Functional voxel-wise t-test group comparison analysis for hypermobile
group (n=9; mean age * SD: 23, 75 + 3, 19 years) versus non hypermobile
group (n=10; mean age * SD: 25, 27 + 6, 1 years) was conducted. The
analysis was performed within preselected regions of interest (ROls): insular
cortex and anterior cingulate cortex. These were chosen on the basis of
being described as important processing regions for interceptive sensitivity.
Finally, to complement ROl analyses, whole brain analyses (p-value
threshold set at 0.001, uncorrected) were also performed at the established

contrasts for exploratory purposes.

2.1.7 Statistical analysis of clinical variables and questionnaire measures

SPSS 20.0 was implemented to analyse descriptive data, and measures
of anxiety, JH and interoception task performance. A Pearson Chi-square
analysis for testing sex and age sample homogeneity was performed.
Correlation tests were executed among the studied variables (Pearson
correlation index and Point-Biserial according to the test application
criteria). Based on all previous studies and literature, when studying the
positive association between JH and state anxiety as well as state anxiety
and interoception sensitivity (i.e.: heart beat detection tasks) one-tailed
analyses were performed in the required analyses. We also tested whether
the associations found on the whole sample (n=36) were extensive to the
sub-group of the sample that underwent the emotional paradigm through

48



Methods

fMRI techniques (n=19).

Additionally, we conducted mediation analysis to infer causality
regarding the relationship between JH, interoceptive ability and state
anxiety. Specifically, we tested pathways linking JH (as predictor) to
interoceptive accuracy (as mediator) and state anxiety (as dependent
variable). Mediation first requires that the predictor is significantly and
independently related to all mediators and to the dependent variable
(Baron & Kenny, 1986). JH was then entered in a multiple regression model
along with interoceptive accuracy and state anxiety to test for diminished

significance when entering the mediator.

49



Methods

2.2 STUDY 2: The neural signature of emotional processing in

anxiety and Joint hypermobility
2.2.1 Participants

The final sample consisted of fifty-one participants free from any Axis |
disorder, psychotropic medication or any other pathology that could
interfere in the fMRI paradigm brain response and/or in the JH assessment.
All participants were assessed by the Mini International Neuropsychiatric
Interview (MINI) (Sheehan, 1998) and the Structured clinical interview for
DSM-Axis | disorders (SCID-I) (First, Spitzer, Gibbon & Williams, 1999) as
well as evaluated through a medical and psychiatric history. Participants
were also assessed with a structured clinical examination for JH, completed
validated questionnaire measures of anxiety and underwent a functional
emotional paradigm using fMRI techniques. A given complete description of
the fMRI and clinical examination before written informed consent was

obtained, and all of them voluntarily agreed to take part in the study.

Parc de Salut Mar Barcelona Clinical Research Ethical Committee
approval was obtained. Sample size was estimated at a minimum of 53
participants, accepting an alpha risk of 0.05 and a beta risk of 0.2 in a two-
sided test with a correlation coefficient of 0.45. It was anticipated a drop-

out rate of 0.3.

2.2.2 Measures

All participants were assessed with the Beighton exploration for JH
(Beighton, 1988) in order to quantify their grade of joint mobility. This

exploration was conducted by a trained and validated clinician (according to
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the basis of the clinical rheumatologists’ standards, kappa inter-examiners
reliability ranged from 0, 8 to 1). The Beighton scoring system consists of
five items that describe nine movements for exploring the mobility grade
on some of the patient joints; the highest score is nine. According to the
aims of this study we explore the whole spectrum of hypermobility,
however Beighton scoring system also have a scientific and clinically

accepted cut-off point (=5 for women and 24 for men).

Ratings of trait anxiety and social anxiety were acquired using the two
following self-reported questionnaires: (1) State Trait Anxiety Inventory
(STAI), trait subscale (Spielberger et al., 1982). It consists on 40 items in a
Likert scale of 3 points that evaluate trait anxiety. Manual refers Cronbach’s
alpha coefficient of= 0.87. (2) Liebowitz Social Anxiety Scale (LSAS)
(Liebowitz, 1987) in its Spanish version adapted by (Bobes et al., 1999). It
consists of 24 items in a Likert scale form 0-3 points that evaluate social

phobia and the role that it takes into the subject life.

2.2.3 Functional neuroimaging paradigm

During the acquisition subjects participated in an event-related
paradigm of emotional facial stimuli in which two groups of images were
presented: 14 images of crying faces and 14 images of neutral faces. Images
were derived from the Gur et al.,, (2002) series and supplemented with
similar valence-matched images. The stimuli were displayed for 1500 ms,
followed by an interstimulus interval of between 750 to 1300 ms, with
mean trial duration of 2500 ms. Participants were trained on the task

before the beginning of the fMRI session. The order of picture presentation
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was randomized for each participant and the presentation counterbalanced

across subjects.

2.2.4 Image acquisition parameters

Images were acquired in a Philips Achieva 3T scanner. Tl-weighted
images were obtained using a FSPGR sequence (TR: 8.2 ms, TE: 3.7 ms, FA:
89, matrix size: 256x256x180, voxel size: 0.94 mm x 0.94 mm x 1.00 mm,
gap: 0 mm). An EPI-T2* sequence allowed obtaining the functional volumes,
each comprising 30 three mm-thick slices (TR 3000 ms, TE: 35 ms, FA: 909,
in-plane voxel size 1.80 mm x 1.80 mm, Slice thickness 3.0 mm, gap = 1.0

mm, matrix size: 128x128, 30 slices).

2.2.5 Image processing

Images were pre-processed within SPM8
(http://www.fil.ion.ucl.ac.uk/spm/) implemented in MATLAB 7.14
(Mathworks Inc. Sherborn, M.A.). The first three volumes of each session
were discarded to remove non steady-state effects. Head motion correction
was carried out by means of spatial interpolation, employing parameters
derived from a six-parameter rigid body transformation with a least squares
algorithm. Functional images were realigned to the first volume, normalized
to the MNI EPI template and smoothed with a 12 mm FWHM kernel using
SPM8. The linear contrasts cry > neutral was applied to estimate the effect

sizes for each participant.
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2.2.6 Statistical neuroimaging analysis

At the first level of analysis, voxel-wise changes in blood oxygen level
dependence (BOLD) response across conditions were analysed according to
the general linear model and assessed for each subject. The regressors of
interest were convolved with the canonical hemodynamic response
function implemented in SPM and optimal parameter estimations were
computed using a least squares function. A linear contrast crying face >
neutral face (corresponding to an increased BOLD response for the crying
faces, as compared to neutral faces) was applied to estimate the effect for

each participant and generate the associated statistical parametric map.

Second level analyses were performed with the main studied variables
(i.e.: JH, trait anxiety and social anxiety scores) and the established crying
face > neutral face contrast. Correlation analysis (p-value threshold was set
at 0.05, FWE-corrected) was carried out to check for the dependence of the
contrast values on the JH, trait anxiety and social anxiety scale values. The
parameter estimated represented the magnitude of correlation between
task-specific activations and the subjects-specific measure of JH or anxiety.
We used JH as a continuous variable provided that we wanted to study the
whole spectrum of joint mobility and not only the ones that accomplish the
pathological threshold. We also used a continuous variable for the anxiety
scores provided that we did not have clinical participants and wanted to
study the whole spectrum of non-pathological punctuations. The analysis
was performed within each of a set of preselected regions of interest
(ROIs): amygdala, hippocampus, insular cortex, and anterior cingulate

cortex. These were chosen on the basis of being described as important
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affective processing regions (Brooks et al., 2012; Smith, Stephan, Rugg &
Dolan, 2006; Stein et al., 2007). ROl masks were obtained from the WFU
pickatlas (Maldjian, Laurienti, Burdette & Kraft, 2003; Maldjian, Laurienti &
Burdette, 2004) brain maps and p-value threshold was set at 0.05, FEW-
corrected. Significant activation regions were described and individual
contrast beta values (without the studied variables as a covariate) were
plotted against JH values and correlation analysis was performed to obtain
scatterplot graphic. Clinimetric variable measurements (JH as well as trait
and social anxiety) and correlations with ROI contrast values extracted from
peak voxels in SPM were carried out using SPSS 20.0 and controlled for
gender. Finally, to complement ROI analysis, whole brain analysis (p-value
threshold set at 0.001, uncorrected) was also performed at the established

crying face > neutral face contrast for exploratory purposes.

2.2.7 Statistical analysis of clinical variables and questionnaires

SPSS 20.0 was implemented to analyse descriptive data and measures of
anxiety and hypermobility. A Pearson Chi-square analysis for testing sex and
age sample homogeneity was performed. Pearson correlation analyses
were executed with the studied variables (i.e.: social anxiety, trait anxiety

and JH scores) in order to establish the associations among them.
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Results

3.1 STUDY 1: Joint Hypermobility, body awareness and anxiety.
3.1.1 Sociodemographic and clinical variables data.

Thirty-six non-clinical volunteers (16 male and 20 female) participated in
the study (Table 1). There were no significant differences in anxiety or body
awareness scores between male and female participants. According to the
suggested cut-off point for JH (25 for women and 24 for men), fourteen
(38.9%) of the sample participants had JH. Nineteen (9 male and 10 female)
participants did also perform the emotional processing task during fMRI.
According to the suggested cut-off point, nine (42.1%) of the sample
participants met criteria for JH. Sample homogeneity was granted by no

significant difference of age or sex.
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Table 1. Descriptive data for anxiety, body awareness and Joint

Hypermobility measures (n=36)

Min Max Mean SD
Age 20.00 42.00 24.83 5.04
Joint Hypermobility* (0-9) 0.00 9.00 3.40 2.69
STAI-State (20-80) 20.00 54.00 33.86 10.72
MAIA noticing (0-5) 1.00 4.25 3.03 0.85
MAIA not-distracting (0-5) 0.00 3.67 2.04 0.86
MAIA not-worrying (0-5) 1.33 4.66 3.06 0.83
MAIA attention regulation (0-5) 0.71 5.00 3.02 1.05
MAIA emotional awareness (0-5) 1.60 4.80 3.09 0.83
MAIA Self-regulation (0-5) 0.00 5.00 2.74 1.09
MAIA Body listening (0-5) 0.00 4.00 1.77 1.02
MAIA Trusting (0-5) 0.33 5.00 3.49 1.14

STAI-State, state trait anxiety inventory-state subscale; MAIA, Multidimensional
Assessment of Interoceptive Awareness; *Beighton Joint Hypermobility assessment.
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3.1.2 State anxiety
Body Awareness

Across participants, the MAIA attention regulation (i.e. ability to
control the attention given to body sensations) and the trusting body
sensations subscales, negatively correlated with state anxiety scores
(r=-0.370, p<=0.031; r=-0.340, p=0.049, consecutively). No further
associations were found between the body awareness subscales and

state anxiety.
Interoceptive sensitivity

State anxiety positively correlated with a better performance in the
mental tracking interoceptive sensitivity task (r=0.284; p=0.046). This
association was also observed in the higher range of state anxiety
individuals (Q3 of the sample; n=9), which did also present a higher
accuracy in the mental tracking interoceptive task (rp,,=0.385; p=0.010) than
the non-higher state anxiety individuals. No further associations were found

between heartbeat detection tasks performance and state anxiety.
3.1.3 Joint Hypermobility

Body awareness

No differences were found on the MAIA body awareness subscales when

comparing hypermobile individuals to non-hypermobile.
Interoceptive sensitivity

Hypermobile individuals presented a positive association with the

accuracy in the mental tracking task as compared with non-hypermobile
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individuals (rp, =0.387; p=0.020). No further associations were found

between the heart beat detection tasks and JH.
Anxiety
Hypermobile individuals presented significantly higher punctuations in
state anxiety than non-hypermobile individuals (r,, = 0.318; p=0.029).
3.1.4 Mediation analysis of interoception in hypermobility and anxiety

When exploring the relationship between interoceptive sensitivity (by
means of heartbeat mental tracking task) and the different grades of state
anxiety and JH, interoception was observed to mediate the association

between JH and state anxiety (Figurel).

Interaception

[=0.407"

Hypermaobility . State anxiely

-

p=0.281" (f =0.189)

Mote: * = p<0.05; ** = p <0.01

Figure 1. Graphic showing the regression coefficients, with the coefficients
(8) for the effect of hypermobility on state anxiety with the latter (when

entering interoception into the model) in parentheses.
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3.1.5 Functional imaging data

Hypermobile participants of the sub-group that underwent the
functional paradigm (n=19) did show significantly higher punctuations in
state anxiety (r,,=0.387; p=0.050) and higher accuracy in the mental
tracking interoceptive task (rp,=0.438; p=0.030) than non-hypermobile
participants. Thus the association found in the whole sample is extensive to

this sub-group of the sample.
ROI analysis

When comparing hypermobile as to non-hypermobile individuals, no
significant associations were found for the studied interoception and
emotion involved regions of interest (i.e.: insular cortex and anterior

cingulated cortex).
Whole brain analysis

During the processing of sad versus neutral imagery a discrete set of
brain regions associated with emotion and anxiety manifested greater
responses within the hypermobile group. These included insular cortex,
brainstem, parietal and sensorimotor cortices, inferolateral prefrontal
cortex and temporal cortices (Table 2, Figure 2). During the processing of
anger versus neutral imagery a discrete set of brain regions also
demonstrated enhanced activity within the hypermobile group including

cerebellum, temporal cortices and thalamus (Table 3).
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Table 2. Activity seen in sad versus neutral images when comparing

hypermobility participants (high Beighton score) to non-hypermobility

participants (low Beighton score) (cluster size >10; p = 0.001, uncorrected).

Brain Area Side Cluster Size Coordinates t-Value
Insula R 63 42 2 4 5.76
Rolandic Operculum R 118 64 8 14 5.34
Rolandic Operculum R 118 46 4 14 4.37
Rolandic Operculum R 63 46 -4 8 4.96
Frontal Inferior Operculum R 118 52 10 14 3.95
Triangular part of Frontal Inferior Gyrus R 41 58 30 2 5.92
Brainstem 15 -16 -20 -26  4.67
Cerebellum (Crus1) L 84 -46 -68 -26  4.89
Cerebellum (Crus1) L 12 -20 -74 -30 3.86
Cerebellum 59 -24 44 -4 417
Cerebellum (8) R 27 30 -42 46  4.32
Supra Marginal Gyrus R 45 64 -26 30 5.04
Postcentral Gyrus R 19 60 -10 -30 3.91
Postcentral Gyrus R 16 58 -10 32 4.41
Middle Temporal Gyrus R 19 64 -8 -22 3.82
Inferior Temporal Gyrus L 21 -46 -6 -34 4.61
Inferior Temporal Gyrus L 21 -54 -4 -32 3.86
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Table 3. Activity seen in anger versus neutral images when comparing
hypermobility participants (high Beighton score) to non-hypermobility

participants (low Beighton score) (cluster size >10; p = 0.001, uncorrected).

Brain Area Side Cluster Size Coordinates t-Value
Cerebellum (crusl) L 49 -46 -60 -34 4.89
Middle Temporal Gyrus L 31 -66 -18 -20 4.69
Inferior Temporal Gyrus L 31 -54 -18 -26 4.41
Middle Temporal Pole L 14 36 2 -32 4.32
Thalamus R 15 10 -8 6 4.22
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Figure 2. Enhanced right insular cortex activation in sad versus neutral
contrast in hypermobility individuals compared to non-hypermobility

individuals (cluster size >10; p = 0.001, uncorrected).
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3.2 STUDY 2: The neural signature of emotional processing in

anxiety and Joint Hypermobility
3.2.1 Sociodemographic and clinical variables data

Fifty one non-clinical volunteers (33 females and 18 males) participated
in the study. The mean age of the sample was of 33.94 (SD=4.70). The self-
reported measures of anxiety—trait anxiety and social anxiety—were
significantly inter-correlated across the 51 participants. In addition JH did
significantly correlate with trait anxiety scores (Table 4). Sample

homogeneity was granted by no significant difference of age or sex.

Table 4.Self-reported anxiety measures and Joint Hypermobility scores (n=51)

r- Pearson correlation index

|
Min Max Mean SD (p value)

Trait anxiety Social Anxiety

Trait anxiety (20-80) * 22 33 16.41 7.03 0.417(<0.01)

Social Anxiety (0-144)** 0 68 2898 17.33 0.417(<0.01) ---

Hypermobility (0-9) *** 0 9 294 2.64 0.303(0.031) 0.109(0.446)

*Measured by means of STAI-T, Spielberger State Trait Anxiety Inventory-trait subscale;
** Measured by means of LSAS, Liebowitz Social Anxiety Scale;
*** Beighton hypermobility assessment.
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3.2.2 Functional imaging data
ROI analysis

When performing ROI analysis for the described emotional regions of
interest, JH scores showed a positive correlation with the BOLD signal in the
left hippocampus for the crying over neutral face contrast (t = 4.08; cluster
p (FEW-cor) = 0.019; cluster size= 14; r=0.286) (Figure 3). No significant
association on JH was found in any of the other studied regions of interest
and no significant associations were found for the described emotional
regions of interest on the non-clinical range of trait anxiety and social

anxiety.
Whole brain analysis

During the processing of crying faces images, a discrete set of brain
regions showed greater responses with increasing JH score. These included:
right anterior and mid cingulum, right and left fusiform gyrus, left
parahippocampus, and left hippocampus as well as right cerebellum (Table

5). All these results were uncorrected with a p-threshold of 0.001.
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Figure 3. Activation map obtained for left Hippocampus ROI’s analysis of a
correlation test with Beighton hypermobility scores of cry face > neutral
face contrast (p<0.05 FWE-Corrected). At the top of the figure, the brain
mapping images show all the activated clusters. At the lower part of the
figure, the activation response and individual Beighton Joint Hypermobility

scores in the peak voxel [-38 -24 -14] of the cluster is displayed.
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Table 5. Whole-brain analysis of the activity seen in crying face versus
neutral face images with correlation analysis with hypermobility scores

(cluster size>10; p = 0.001, uncorrected).

Brain Area Side  Cluster Size Coordinates t-Value
Middle Cingulate Cortex L 240 -16 -30 46 4.90
Middle Cingulate Cortex R 80 14 -18 48 3.47
Anterior Cingulate Cortex R 117 16 36 24 3.77
Anterior Cingulate Cortex R 14 14 50 18 3.48
Hippocampus L 79 -40 -22 -18  4.19
Parahippocampal Gyrus L 62 -20 -30 -16 3.98
Fusiform Gyrus L 62 -26 -36 -16 3.75
Fusiform Gyrus R 16 30 -4 -38  3.72
Fusiform Gyrus R 16 36 -10 -38 3.39
Supplementary Motor Area R 80 6 -16 50 341
Medial Orbital Frontal R 57 14 62 -4 3.81
Sub Orbital Frontal R 57 16 54 -8 3.56
Postcentral Gyrus L 33 -40 -22 54 3.74
Cerebellum_4 5 R 26 28 -36 32 3.62
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Discussion

4.1 GENERAL DISCUSSION

The present study explored biological traits and neurophysiological
substrates of anxiety and somatic symptoms in a general population with
different ranges of hypermobility as well as different ranges of non-clinical
anxiety. We aimed at clarifying the underling association among anxiety,
body awareness and JH as well as identifying neuronal correlates of anxiety
tendencies (state, trait and social anxiety) and JH. For this purpose we first
explored in a non-clinical sample the association among state anxiety, body
awareness and sensibility and, JH through questionnaire measures,
interoception accuracy controlled tasks and also through an emotional
paradigm with fMRI techniques (focusing the analysis on critical affective
processing regions involved in interoception). Secondly, in another non-
clinical sample we examined the association between trait anxiety, social
anxiety and JH. Furthermore we explored the neural signatures of emotion
processing associated with every each of these three variables (focusing the

analysis on critical affective processing regions associated with anxiety).

State anxiety negatively correlated with the attention regulation
subscale (i.e. ability to control attention to body sensations) and the
trusting body sensations subscale of the body awareness questionnaire.
Furthermore state anxiety did also positively correlate with higher accuracy
of interoceptive sensitivity (i.e.: mental tracking interoceptive task). Hence
state anxiety is not only found to be associated with enhanced
interoception but also with some considered less adaptive mental processes
and cognition tendencies towards body sensations. These results were

extended to the higher-range of state anxiety individuals of our
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sample as compared to the rest of the individuals. These observations are
noteworthy; interoceptive sensitivity as a trait is associated with increased
risk of anxiety and developing ADs (Domschke et al., 2010). Our results
support these previous studies and thus the primary hypothesis that
increased interoceptive sensitivity is associated with increased anxiety also
in a non-clinical population. However, this observation is further extended
to support those cognitive models of anxiety (e.g.: Clark, 1986) that suggest
the capacity to accurately predict, interpret and control bodily changes is
compromised in people with anxiety. Thus the concurrence of increased
perceptual sensitivity to physiological arousal signals (in this paradigm,
heart-beat detection through mental tracking task) and diminished
confidence in the interpretation and ability to control their attention to
bodily sensations (in this study MAIA subscales measurements) is
characteristic of high-state-anxiety individuals (Paulus & Stein, 2006).
Importantly, there is growing interest and increasing empirical support for
the therapeutic use of intervention approaches that include an enhanced
awareness of bodily processes (Parkin et al., 2013). Future studies may
clarify whether such individuals could benefit from a psychotherapy
approach (e.g.: mindfulness, CBT) that would let them take advantage of
their interoceptive accuracy trait in terms of having a more adaptive and

quick response to bodily signals.

Hypermobile participants were found to experience significantly higher
state anxiety than non-hypermobile participants. JH is widely acknowledged
to be strongly linked to the clinical expression of anxiety (Bianchi et al.,

2012; Garcia-Campayo et al., 2011; Bulbena et al., 2011). Additionally,
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similarly to the results found with state anxiety, hypermobile individuals
demonstrated higher interoceptive accuracy when performing the mental
tracking task of the heart beat detection task. Still, our mediation analysis
revealed that interoceptive sensitivity mediated the association found
between JH and state anxiety. These findings validate an earlier observation
of increased interoceptive sensibility in individuals with hypermobile
features (Eccles et al., 2012). No more studies have been conducted so far
with interoceptive sensitivity measures and hypermobility. However, an
autonomic ‘vascular’ account provides one potential mechanism for this.
Collagen is a connective tissue fibrous protein component of bone,
cartilage, tendon, blood vessels and other body constituents; people with
the previously described variant of collagen (i.e.: JHS), may show relative
problems with orthostatic vasoconstriction, in extreme cases linked to a
form of dysautonomia known as postural orthostatic tachycardia syndrome
(POTS, commonly associated with JH), where increased heart rate
compensates to maintain blood pressure (Freeman et al.,, 2011). This
increased cardiac response may condition increased interoceptive
sensitivity (Pollatos et al., 2007) with affective consequences. Nevertheless,
this account emphasizes heart rate changes and it is known that the
interoceptive sensitivity in hypermobile individuals (and even the
dysautonomia associated with POTS) extends beyond the cardiovascular

system (Mathias et al., 2011).

With regards to the functional neuroimaging paradigm, no significant
activation response was found when conducting ROl analysis on critical

affective processing regions involved in interoception (i.e.: insular cortex
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and ACC) for hypermobile participants. However in the whole brain
exploratory analysis, hypermobile individuals were found to present a
discrete but stronger neural reactivity to affective stimulation in brain areas
known to be involved in emotional processing, particularly in anxiety (i.e.:
insula, brainstem, thalamus), when compared to non-hypermobile
participants. Specifically, hypermobile participants presented higher
activation to sad scenes in areas implicated in interoceptive representation,
feeling states, self-representation and pain processing (i.e.: insular cortex,
parietal and sensoriomotor cortices); in areas associated with the
autonomic arousal circuitry and specifically shown to be involved in the
generation of panic attacks (i.e.: brainstem); in areas implicated in
executive control processes (i.e.: inferolateral prefrontal cortex); as well as
in areas involved in encoding socially salient visual information (i.e.:
temporal cortices) and executive control processes (i.e. inferolateral
prefrontal cortex). Hypermobile participants also revealed enhanced
activity to anger scenes within thalamus and inferotemproal cortex. In
social interaction, insula is involved in emotional processing and empathy
(Lamm & Singer, 2010) but also in homeostasis; it maps and controls
autonomic functions regulation of the sympathetic and parasympathetic
systems (Critchley & Harrison, 2013; Gianaros, Onyewuenyi, Sheu, Christie
& Critchley, 2012). Furthermore, right anterior insula aids interoceptive
awareness of body states, such as the ability to detect the timing of one's
own heartbeat (Simmons et al., 2012). Thus, the enhanced activity in the
insular cortex likely supports the association between hypermobility and
interoceptive sensitivity (high accuracy in heartbeat detection) and, by

extension, its association to anxiety. These findings show a tendency to
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greater affective reactivity among the hypermobile participants within
emotion-related brain areas. Thus hypermobile individuals do not only have
greater interoceptive accuracy but also higher emotional reactivity to visual
stimuli with affective salience. Similar higher affective reactivity has also
been described behaviourally in anxiety disorders, particularly SAD, where
patients also display hyper-reactivity within limbic brain regions (Goldin,

Manber, Hakimi, Canli & Gross, 2009).

When examining the association among trait anxiety, social anxiety and
JH in a non-clinical sample we explored both the association of the anxiety
and JH measures, as well as brain responses to facial visual stimuli with
emotional cues using fMRI techniques. We focused the analysis on critical
affective processing regions (i.e.: amygdala, hippocampus, insular cortex,
and anterior cingulated cortex). Our ROI analyses showed no associations
with BOLD signals and the anxiety measures. Although the studied regions
of interested are key areas of emotion processing and are involved in
anxiety in both clinical (Damsa et al., 2009; Etkin, 2010; Onoda et al., 2008;
Holzschneider & Mulert, 2011) and non-clinical samples where trait anxiety
was studied (Murray, Stein, Simmons, Feinstein & Paulus, 2007), the non-
clinical range of anxiety scores of this sample may have not got enough
consistency to report individual brain reactivity differences. However, our
results may also second the obtained in other studies, were the brain biases
with SAD could not be unequivocally extended to subclinical social anxiety

(Abraham et al., 2013).

However when studying hypermobility scores, the ROl analysis showed

that there was a positive association between BOLD signals in the
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hippocampus as a response to crying faces compared to neutral faces. This
is noteworthy, previous studies have not only proven that hippocampus
plays a key role in memory, learning and spatial coding (Smith & Mizumori,
2006) but also have recently suggested it is remarkably implicated in the
emotional behaviour as well as in the pathophysiology of ADs (Shin &
Liberzon, 2010). Moreover neuroimaging studies have also revealed that
hippocampus is vulnerable to stress and also implicated in pain perception
and Fibromyalgia (Aoki, Inokuchi & Suwa, 2013). Likewise, a recent
functional magnetic resonance imaging study investigates how
hippocampus individual reaction differences in pain modulation induced by
anxiety relate to somatization. Results show that daily physical symptoms
cause a chronic condition that weakens the ability of the hippocampus to
distinguish anxiety states. The dysfunction of the anxiety network (including
hippocampus) known to be associated with pain modulation, probably
underpins the manifestation of somatizations (Gondo et al.,, 2012).
Consequently, in our study, the higher activation response of the
hippocampus associated with higher hypermobility scores give support
towards a differential neural processing of emotional cues in hypermobility
that can underlie the manifestation of anxiety and somatic symptoms

through this collagen condition.

Additionally, the exploratory whole brain analysis showed that
hypermobility scores were positively associated with an increased BOLD
signal in some other key affective processing areas, such as the middle and
anterior cingulate cortex, the fusiform gyrus, the parahipocampal region,

the orbitofrontal cortex and the cerebellum. Despite being uncorrected
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results, the fact that all of them are key emotional processing areas recaps
interest. In this sense, neuroimaging studies have described the relevance
of the middle and anterior cingulate cortex in avoidance and fear learning,
emotion and apathy (Holzschneider & Mulert, 2011) and also the
contribution of the orbitofrontal cortex in emotion regulation and reward in
decision making (Golkar, 2012). Additionally, the fusiform gyrus has been
found to be critical in face processing and the parahippocampal region in
direct attention to emotional information (Ziaei, Peira & Persson, 2013;
Pujol, et al., 2009). The cerebellum, in its part, has been involved in

regulating fear and pleasure responses (Wolf, Rapoport & Schweizer, 2009).

Interestingly, the areas we have found to be associated with
hypermobility scores are crucial in the emotional brain response of subjects
suffering from clinical anxiety, especially the cingulate cortex and fusiform
gyrus (Holzschneider & Mulert, 2011). We consider that this association
might well be an expression of the overrepresentation of ADs in
hypermobility. Accordingly, in our sample, trait anxiety was indeed strongly
inter-correlated with social anxiety and JH. These results are consistent with
reports from previous studies. High trait anxiety has repeatedly been found
to be linked to increased responsiveness to stressors and leads to higher
vulnerability to state anxiety and to ADs (Endler & Kocovski, 2001; Wilken,
Smith, Tola & Mann, 2000). Likewise, a previous study conducted in a non-
clinical population revealed the association between hypermobility and
trait anxiety (Bulbena et al., 2004b). Our results replicate previous ones and

highlight the value existence of “anxious vulnerability”, in the sense that
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high trait anxious participants may develop anxiety particularly when they

suffer from this heritable collagen anomaly.

To conclude, we present the first neurophysiological study that explores
the association of non-clinical ranges of different anxiety tendencies (i.e.:
state, trait and social anxiety) and hypermobility that also examines
interoceptive sensitivity (heartbeat detection) in a non-clinical sample. The
interactions observed among anxiety, hypermobility and interoception, as
well as the enhanced activity found in specific emotional brain regions
provide a starting point for future researches. Our findings have the
potential to inform about innovation in therapeutic approaches and
increase our understanding of the mechanisms through which vulnerability
to anxiety disorders and somatic symptoms arises in people with specific
anxiety tendencies, enhanced interoception and a heritable variant of

collagen.

4.2 LIMITATIONS

There are different limitations of this research project. Firstly, when
exploring the association of body awareness, anxiety and JH, a relatively
constrained number of participants underwent these whole detailed
assessments. However, the sample size was estimated to be sufficient.
Secondly, when studying neuronal correlates of anxiety and hypermobility
the sample consisted of a larger number of women participants compared
to men participants. However, the sample was proven to be homogeneous
and the analyses were controlled for the sex variable. Another possible

limitation is the use of a general population sample free from psychological
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or neurological disorders. This allowed us to study the emotional processing
associated with anxiety, interoception and hypermobility in a non-clinical
sample. However, due to the high association between the measured
anxiety variables (i.e.: state anxiety, trait anxiety, social anxiety and JH) with
ADs, a non-clinical sample of the general population may hinder the
identification of their neural underpinnings. Future studies should
nevertheless replicate our findings in clinical patient groups. Lastly, while
we used an accepted cut-off point of hypermobility among the scientific

and clinical community, this still remains a point of discussion.

4.3 IMPLICATIONS FOR RESEARCH AND FUTURE DIRECTIONS

This research project sheds light on the biological traits and
neurophysiological substrates of anxiety and somatic symptoms that arise
in general population with different ranges of non-clinical anxiety and/or
JH. A special emphasis is given into the role that interoception as a trait and
cognitive processes involved in body perception play in these anxiety and

somatic symptoms.

Body awareness and interoception is a construct that has emerged as a
subject of scientific and clinical interest across a wide range of health topics
but especially among the anxiety related ones. Enhanced body awareness
has shown to be a vulnerability factor for anxiety related disorders but
some therapeutic approaches have demonstrated that it can also reduce
anxiety symptoms. Our results display substantial data and replicate
previous studies showing that interoception as a trait and difficulties

controlling attention towards bodily sensations coupled with not trusting
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bodily signals is linked to higher state anxiety in a non-clinical sample

population.

Additionally, to date little is known about the precise mechanisms
underpinning the association between anxiety and hypermobility. However,
our findings provide insight to better understand their pathogenesis. The
results link the presence of state anxiety in JH to enhanced interoceptive

sensitivity and a discrete but heightened reactivity notably in insular cortex.

These findings highlight the dependence of emotional state on bodily
context, and increase our understanding of the mechanisms through which
vulnerability to ADs arises in people bearing specific anxiety tendencies as
well as a heritable variant of collagen. Future studies will usefully replicate
and extend these findings to clarify whether enhanced interoception
patients, observed in either JH or other anxiety related sample populations,
might benefit from a psychotherapeutic approach that enables a more

adaptive attitude towards body signals.

When studying the neuronal correlates of trait, social anxiety and JH. No
results were found for any of the studied anxiety measures, future studies
should replicate these results to help clarifying whether this is a
generalizable finding or it is constrained to the analysed sample. When
studying JH neuronal correlates, results show an enhanced activation in
hippocampus during processing of visual stimuli with affective valence.
Thus results show there might be a specific neuronal signature of
hypermobility. However, future studies should further study and replicate
these findings in non-clinical samples as well as explore the neural

underpinnings of JH and its links to the expression of ADs in clinical
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samples. Clinical practice could probably benefit from these findings that
can help to infer functional brain singularities associated to Anxiety in JHS
patients. Finally, as for the revealed results regarding hippocampus, future
studies should explore whether hypermobile individuals present to some

extent, specific attention and memory processes.
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Conclusions

This thesis aimed at studying biological traits and neurophysiological

substrates of anxiety and somatic symptoms in general populations with

different ranges of hypermobility as well as different ranges of non-clinical

anxiety. The main conclusions of the thesis derived from the objectives and

the significance of the results are:

1.

State anxiety is associated with body awareness measures.
Specifically it negatively correlates with two of the body awareness
sub-scales (i.e.: trusting body sensations and attention regulation to
body sensations). Thus the higher the state anxiety, the lower the
ability to control the attention given to body sensations and the trust

on these sensations.

. State anxiety is positively correlated with interoceptive sensitivity

accuracy. Hence the higher the state anxiety, the higher the accuracy

in interoceptive sensitivity.

. Joint Hypermobile individuals present higher state anxiety than non-

hypermobile individuals

. Joint Hypermobile individuals do not present differences on body

awareness measures when compared to non-hypermobile individuals.

. Joint Hypermobile individuals present higher interoceptive sensitivity

accuracy than non-hypermobile individuals.

. The underlying neural substrates of interoception (particularly

enhanced insular cortex activity in response to stimuli with emotional
valences) are discretely associated to hypermobility as compared to

non-hypermobility.
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7. Trait anxiety is positively correlated with social anxiety and with the
grade of hypermobility. Thus the higher the trait anxiety, the higher

the social anxiety and the greater the grade of Joint Hypermobility.

8. No patterns of neural activation in response to stimuli with emotional

contents are associated to trait and social anxiety.

9. The grade of Joint Hypermobility is associated with enhanced
hippocampus activation and a discrete set of emotion described
regions (particularly cingulate cortex and orbitofrontal cortex) in

response to stimuli with emotional contents.
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Abstract
Objective: States of physiological arousal contribute to the expression of
anxiety. Interoceptive sensitivity describes an individual's disposition to detect
internal bodily signals and is a recognised stable trait associated with anxiety.
Increasingly a common variation in the connective tissue protein collagen,
manifest as joint hypermobility, is recognised as a risk factor to anxiety and
related disorders. The aim of this study was to explore the link between
anxiety, interoceptive sensitivity and hypermobility in a sub-clinical
population. Methods: Thirty-six healthy volunteers undertook interoceptive
sensitivity tests, a clinical examination for hypermobility and completed
validated questionnaire measures of state, trait anxiety and body awareness
tendency. Nineteen participants also performed an emotional processing
paradigm during functional neuroimaging. Results: We confirmed a significant
relationship between state anxiety score and joint hypermobility.
Interoceptive accuracy was associated with both state anxiety and
hypermobility and was formally shown to mediate the relationship between
these two conditions. Hypermobile, when compared to non-hypermobile,
participants displayed heightened neural reactivity to sad and angry scenes
within brain regions implicated in anxious feeling states, notably insular cortex.
Conclusions: These findings highlight the dependence of emotional state on
bodily context, and increase our understanding of the mechanisms through
which vulnerability to anxiety disorders arises in people bearing a heritable

variant of collagen.

Key words: Anxiety, Functional Magnetic Resonance Imaging (fMRI),

Interoception, emotion, Joint hypermobility/psychology
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Abstract

Background: Joint Hypermobility Syndrome (JHS) has been repeatedly
found associated to anxiety, and also to Fibromyalgia, Irritable Bowell S.
and TemporoMandibular S. However the neural underpinnings of this
association still remain unclear. The aim of this study is to explore brain
responses to facial visual stimuli with emotional cues using fMRI techniques
in general population with different ranges of hypermobility. Methods:
Sample included 51 participants (18 males, 33 females) free from any
psychological or physical pathology that could interfere in the studied
variables. All them fulfilled the State-Trait Anxiety Inventory, were assessed
with the Beighton system for hypermobility and underwent an emotional
face processing fMRI paradigm. Results: Trait anxiety scores were
significantly correlated with state anxiety and hypermobility scores. Region
of Interest (ROI) analyses showed a positive correlation between BOLD
signals in the hippocampus and hypermobility scores for the crying faces
versus neutral faces contrast. No results were found for any of the other
studied ROIs. Additionally, whole brain analysis showed that hypermobility
scores were positively associated with several other key affective
processing areas (i.e. the middle and anterior cingulate gyrus, fusiform
gyrus, parahippocampal region, orbitofrontal cortex, and cerebellum).
Conclusions: Our results show that hypermobility scores are associated
with trait anxiety and stronger brain responses to emotional faces in
emotion processing brain areas (including hippocampus) described to be
linked to anxiety and somatic symptoms. These findings increase our

understanding of the emotional processing in people bearing this heritable
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variant of collagen and the mechanisms through which vulnerability to
anxiety and somatic symptoms arises in this population. Key words:
Funcional Magnetic Resonance Imaging (fMRI), emotion, Joint

Hypermobility/ Anxiety, Psychosomatics *
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Abstract
Anxiety and somatic disorders have a high prevalence in the general
population. A mechanistic understanding of how different factors
contribute to the development and maintenance of these heterogeneous
set of mental disorders is crucial to optimize treatments. In this article, we
present a redefined model of body-mind interaction in anxiety and somatic
conditions, with an emphasis on interaction between bottom-up and top-
down processes. Consideration is given to the role played in this interaction
by pre-disposing physiological and psychological traits (e.g. interoception,
anxiety sensitivity and trait anxiety) and, the levels at which mindfulness
approaches may exert therapeutic benefit. The proposed model of body-
mind interaction in anxiety and somatic conditions is appraised in the
context of lJoint Hypermobility Syndrome, a constitutional variant
associated with autonomic abnormalities and vulnerability to anxiety

disorders.

Keywords: Anxiety Disorders/aetiology, Somatic Disorders/aetiology,
Models/Psychological, interoception, emotion/cognition, Joint

hypermobility/ psychology.
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