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Abstract

Traditional classification systems, suachtihe Diagnostic and Statistics Manual (DSM),
remain the primary means for classifying psychopathology despite considerable evidence
showing diagnostic categori@se not valid representations of the underlyiqgthology For
this reason, researchers arew adopting a transdiagnostic research approach, focusing on
maladaptive behavioural functions that span across disorders, as well as neural circuits and
their constituent components.

Compulsivity is transdiagnostic construct which has received considierinterest in
recent years. It is defined hbigid, repetitive, and functionally impairing behaviors aad
thought tounderlie multiple disorders, including obsessoampulsive disorder, substance
and behavioural addiction®espite identification of shared psychological, cognitive and
neurobiological underpinning#he causes of compulsive behaviour remain poorly
undergood. Compulsivebehaviourshave traditionally been examined in the context of
specific diagnostic categories or rely on one or two laboratoeasurege.g. seHreport,
cognitive task, brain imagingy) explain phenotypic varianc&his approach is unéky to
capture complex psychiatric behaviour, calling for integrated, multidimensional research,
examining how different combinations of disruptions across multiple measures influence
behaviour.

Todate, the contribution of affecin compulsive behaviounas been largely overlooked.
Thus, the overall aim of the thesis was to identify and understhediarious affectrelated
processes which may cause or maintain compulsive behaviaw .research investigations
were conducted to achieve this aim. The fstidy investigated if there was a relationship
between thepsychologicahffective process Experiential Avoidance (EA), an unwillingness
to tolerate negative internal experiences, and the frequency and severity of transdiagnostic

compulsive behaviours. large sampleN = 469)of communitybased adults completed
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online selfreport questionnaires measuring EA, psychological distress and the severity of
seven obsessiveompulsive and addictiorelated behaviours. Structural equation
modellingwas used to deheate the relationship between EA and compulsive behaviour.

The second studgirew on a heterogenous sample of aduls=< 45) exhibiting
compulsive behavioural patterns in alcohol use, eating, cleaning, checking or symnmgsry
studyexpanded on study one bgtegrating additionatognitive and neurobiological
measures with psychological se#fport measures of EA and distreSsudy twoaimed to
determine if dysfunction acrogsultiple dimensions (or measures) could explain compulsive
behaviour andhus, if shared affective processing disruptions might underpin
transdiagnostic compulsivitfpatadriven statistical modelling of multidimensional markers
encompassin@sychologyi.e. EA and distresgjognition(i.e.valence learning comyer
task)andneurobiology(i.e. cortisol awakening responsegre utilized to identify
homogeneous subtypes that were independent of traditional clinical phenomenology. The
neurobiological validity of the subtypes was assessed using functional magrsstitance
imaging(i.e. amygdala restingtate connectivity,)

The aims of the thesis were achiev&ahdings from the first study revealed a high
portion of compulsive behaviours may be conceptualised as maladaptive attempts to
regulate distressing emotions. In the second study, three neurobiologically distinct subtypes
were found, independent of the tygof compulsive behaviour (i.e. obsesso@mpulsive,
addictionrelated) and were insteadased ommultidimensional markers of affective
processesConsideration of subtype profiles offered new insights into how different
affective systems interact andfluence the expression of compulsive behaviour. Overall,
the current thesis has generated new understandings of the underlying causes of
compulsive behaviour. Importantly, both investigations were consistent with the new and

emerging reconceptualizatioof mental health disorders.
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CHAPTER ONE

1. ThesisOutline

Obsessiveompulsive disorder (OCD), substance addiction anddmrag related
behavioural addictions, such as pathological gambhiffgct a significant proportion of the
population, regardless of gender and culture, have an early age of onset withcageol
courseandare associated with reduced quality of life and the development of marked
psychiatric comorbidities. Moreover, majority of individuals with obsessormapulsive and
addictionrelated behavioursare not in clinical care, with between 68%of individuals
never seeking treatmeng the highest rates of any mental health disorda@r are exhibiting
problematicbehaviourat a subclinical leveEarly and chronic trajectories, as well as poor
treatment outcomeshighlight thatour currentundergandingof what cause©CD and
addictivebehaviourss underdeveloped. In order to improve patient outconaesl design
more effective interventionsve musthave knowledge of the basic underlying processes
contributing todisorderpresentation.The prevalene of subclinical individuatsmphasizes
the need to understandhe processes involved in the early stagep®fchopathology
where there is opportunity to implement early treatment interventions

Although still m its nascentstage research is beginning to map commuasychological,
cognitive and neurobiologicainderpinnings of traditionally distinct disordesuch as OCD
and addictiorn+ an essential steforward indevelopng more effective, personalised
treatments.The current tkesis focusses o@ompulsivityan underlyingintermediate
phenotype which can explain mangid, repetitive and functionally impairingehaviours
Rather than being conceptualised categorically distinchehaviourdike addiction, OCD,
binge-eating ad gambling are now being viewed as different manifestations of the same

compulsivityrelatedetiological processedhis is exciting asdpensthe possibility to



generate new understandings of previously enigmatental health disorders. However,
compulsivity is a highly complex and multifacetehstruct and current knowledge of how
it should be operationalized and the processes contributing to its developnreht a
maintenance isimited.

The current thesisdesigned to build upon this knowledgecusse®n the relationship
betweentransdiagnostic compulsive behaviour aBgperiential Avoidance (EAS poor
affect regulation strategy driven by a psychological iinvgness to tolerate negative
affective statesSeveral frameworks of understanding have been posited to explain
compulsive behaviour; however, models of EA have received relatively little attention in the
research literatureThis is despite good evided and reasoning to suggest that compulsive
behaviour may be the product ofaladaptive attempts to avoid uncomfortable affective
states.

As such| soughtto determine if transdiagnostic compulsibehaviourcould be
explained in the context dEA and related maladaptive affective proces3é®e current
series of studies began by attempting to establish a directdetveenEAand compulsive
behaviour and thus determine whether compulsive behaviour may be conadsed as a
poor attempt to avoid negative affective statéBhe second studgought toextend on the
first by identifying cognitive and neurobiological affect processing systemisiding EA,
that may underlie the relationship bewenmaladaptiveaffective processing and

compulsive behaviour.

The following studies were conducted to achi¢hese aims
1. A study examining the nature of the relationship between EA and transdiagnostic

compulsive behaviouysingstructural equation modelling.



2. A studyingdentifying if naturally occurring transdiagnostic phenotypes of
compulsive behaviour existedsingmeasires of affective processing. This was done
usingdataR NA @Sy Of dzZadSNAy3I (2 RSSO0 G4KARRSYE

combinations of compulsivity and affective processing. The validity of subtypes was

assessed using functional brain imaging.

The thesigontains three major parts and presented in the following format:

The first partis the literature review, whicks divided into four chapter€hapters 2
- 5)and aims to introduce the reader to the concept of transdiagnostic, multidimeasio
research and how this can be applied to compulsive behay©bapter 2) The clinical
characteristics of the various disorders that fall under compulsive behaarewtescribed,
as well as the current understandings of their psychological, cogmitideneurobiological
causeqChapter 3)I then focus on one particular model for understanding compulsive
behaviour Experiential AvoidancgChapter 4) Using Experiential Avoidance as a framework
for understanding compulsive behaviolinextdiscusghe cognitive and affective measures
tightly linked to processes relevant for compulsiyityat may further current understanding
of the systemglrivingcompulsive behaviouiChapter 5)

The second parChapters 6 7) contains two research studies that bring insight into
psychological, cognitive and neurobiological correlates of compulsive behaviour. In the first
study, | establish a link between Experiential Avoidance, distress and transdiagnostic
compulsive behavioutn the second studyseveral seemingly heterogeneous compulsive
behavioursare reclassifie@ccording to markers of known relevancedtffect processing
and compulsivityThe reclassified subgroups are then validated usastjngstate
functionalbrain maging.The first study has been accepted to the Journal of Addictive

Behaviors, and the second under reviewtlag Journal offranslational Psychiatry



(submitted to the journal on8June 2020)Both studies are presented in the submission
format.

The hird and last part of the thesis (Chapter 8), aims to integrate the results of the
two studies into the current understanding of transdiagnostic compulsivity. The main
highlights from the two studies and their contribution to models for understanding
compusivity are discussed. The results amemparedto the existing literaturel end the

thesis describing the achievements, limitations and potential future work.



CHAPTER TWO

2. A transdiagnostic approach to understandirmpmpulsive behaviour
2.1 Traditional approacheso the study of mental health

The DSM approach to mental health disord&varldwide, classification systems are
used to aid the diagnosis of disorders and diseases. The DSM is one of the mosusadely
diagnostic tools for the classification of mental health disord&rgans et al., 2013; First et
al., 2014) In clinical practicet is used to guide diagnosis and treatment planning. In
research, it is the standard system used to obtain research grants regarding disorder
aetiologyand conduct treatmat intervention trials. By and large, the DSM is the framework
within which we treat and understand mental illness.

More recently however, the validity of the DSM diagnostic system has been called
into question(Lilienfeld, Smith, & Watts, 2013Jhe DSM groups mental health disorders
into similar categories based @bservable behaviourand overt symptomsThese
categories are determined based on a Task Force consensus vote, therefore relying on
descriptive psychiatry as opposed to empiriciigged research evidencMoreover, what
O2yaitAaitdziSa I WRA&AZ2NRSNIR OKFy3aSa SIOK GAYS
the DSM. This approach is drastically different from all other areas of medicine, which rely
on objective evidencef disorder, based on findings fromesearchscience.

It is therefore unsurprising thahe mental health profession remains plagued by
high levels of disease burden and poor patient outcones. 2013 publication in BMC
medicine, Dr. Bruce Cuthbert and Dr. Tom Inseth former directors of the National
Institute for Mental Health (NIMH), stated that in comparison to other medical professions,
the mental health field has lacked progress. Tsevidenced by unchanging mortality

and prevalence rates across all ninlinesseslack of clinical tests for early detection of

l.j



pathology, and absence of weleveloped preventative intervention€uthbert & Insel,
2013)

Althoughthe complicated nature of the brain contributes to our underdeveloped
understanding ofmental iliness categorical classification systems like the Ce&Inow
recognised as impediments to progrgtdienkld et al., 2013)There isexcessive co
morbidity between disorders that are supposedly categorically dis{i@chimer, Waldorp,
van der Maas, & Borsboom, 201@arked heteogeneity within diagnosef.ilienfeld et al.,
2013)and poor capacity for disorder categories to map onto findings from genatids
neurosciencéHyman, 2007)This has contributed to difficulties translating basic research

findings into clinical practic@nsel, 2013)

2.2. A new approach to the study of mentddealth: The RDoC initiative
Against this backdrop, the NIMH announced Besearch Domain Critar(RDoC)

initiative. This initiative seeks to revolutionise traditional psychiatry by building a framework
for understanding mental illness, grounded in findings from functional domains, including
neuroscience, behaviour, cognition, genetics and physiolbgynsiders mental illness
from atransdiagnostigoint of view and rather than base diagmsson symptoms, it
conceptualizes mental disorders as disorders of brain circuitry.

RDoC provides researchers with an explicit rubric to giedearchinvestigations
that is dynamic and constantly updated based on new rese@althbert, 2014)On the
vertical axis a five broad domains that correspond to bréased circuits relevant is
psychopathologyi.e. negative valence systems, positive valence systems, cognitive systems,
systems for socigdrocessingand arousal/regulatory systems)Vithin each domain are
subadinate constructs thaarethought to be particularly relevant to each domdgmg.

reward learning is a subordinate construct of positive valence systems doriiaie)

K2NAT 2y Gl FEA& a!'yAada 2F 'yl tearadgsedaBSY GATA



classes of measurement to investigate the constrietg. cells, circuits, physiology, self
report, paradigms)The aim is for researchers to adapt and fill cells in the matrix to build a
cohesive understanding @oth mental illness and healtland how to best measurénem.

In comparison to the DSM, there aseveralpositive changes that come with this
new approach. Firstly, RDoC adopts a botigmnapproach, starting with basic science (i.e.
genetics, neurocircuitry, physiology) and working upwards, putting emphasis on
understanding the fundamental mechanisms thasué in differing degrees of dysfunction.
Secondly, it aims to study the full rangenoéntal functioning from abnormal to normal.
This means that individuals with mild or subclinical psychopathology, who do not meet
diagnostic criteria, will no longer lmerlooked in research. Finally, it places equal weight
on behavioural functions, as well as neural circuits and tagnitivesubstrates Thus,
grounding dysfunction innderlying neurobiology

Overall, the RDoC initiative offers a platform for advanpisgchiatriaesearch. It

focuses on the underlying dimensions of pathology that cut across disorders, rather than
reducing them to specific clusters of syndromes that may not be a valid repegssnof
underlying aetiology. Though it is still far from completion, it is a welcome step in a new
direction and seems likely to generate new understandings regarding the relationship
between the brain and mental illness. In line with the RDoC initiathe current thesis will
apply a transdiagnostic, multidimensional approach to studgmmpulsivebehaviout
However, this approach is associated with inherent strengths and weaknesses and it is
important to take this into consideration. Therefore, betanoving on to théocusof this
thesis, the promises and pitfalls of transdiagnostic research will be considered.
2.3. The promises and pitfalls of transdiagnostic research

One of the main challenges associated with conducting transdiagnostic research

that it is difficult to define what is normal and abnormal. The DSM approach came with very



clear diagnostic categories and it wasativelysimple to differentiate individuals who were
with or without psychopathology. From a transdiagnostic perspective, psychopathology is
viewed as continuous rather than discrete and there is a full range of symptom severity,
spanning from norexistent to sevee (Cuthbert & Insel, 2013'hough most agree with this
continuous approaclkiKrueger & Markon, 2006; Markon, Chmielewski, & Miller, 20thE)
aSSYAy3dfte AAYLIS ljdzSadAaz2y 2F aoKIG Aa LA OK?2
challengingas it becomes difficult to identify points alotige continuum that signify
meaningful transitions to more severe behaviour. This can have ramifications for research
GKSNBE Al Aad ySUOSAYLAE (2 REPSYB8OAZBKI OA2dzNI Ay

The current thesis faced this challenghem defining what constituted compulsive
behaviour, as there were no measures available which adequately captoredulsivity
across a variety of behaviours. To deal with this is#ug recommended researchers recruit
participantswhose problenbehaviairis above aprd/Rr ST A Y SR & ((Butibdkt w3 LI2 A Y {
Insel, 2013)A tipping point refers to point along a continuum where small incremental
charges have become significant enough to bypass a threshold and transition into more
severe pathology or behaviour. Thigproach is particularlyseful when trying to
demarcate levels of severity of a behaviour along a continuous spectrum, such as mild,
moderate or severe. Howevett, isarelatively newapproachand until sufficient research
base is built up, researchensustselect reasonable but relatively arbitrary eoif points.

Another challenge of transdiagnostic research is that it is difficult to define the
neurobiologicabutcome measurethat should be used. When testing the utility of an
intervention, it is generally considered successfthéfseverity orincidence of a isorder
was reducedHowever, RDo€ncouragesesearcherso move away from using diagnostic
status as an indicator of psychopathology and shift towarelsrobiologicatonstructs that

are markers of mental illness/health to inform intervention succé€ssexample, higher



ventral striatum activity is related to addictive behavidkrgee et al., 2016)herefore
reduced ventral striatum activity may be a marker of treatment intervention sucddss.
raises an issue, asany neurobiologicaiheasureslo not haveclear thresholds (or tipping
points) for what marks normalersusabnormal and our understanding of the various
indicators involved in many mental health disorders is @gélleloping

Thisemphasiseshe need formultidimensional crosssectional researcto
determine if certairmeasuresare related to increasedeverityof target pathology and can
be used as objective markers of that pathology. This can then inform treatment intervention
success at the neurobiological level. It is importantnfimasuredo relate to underlying
etiological mechanisms implicated in the development and maintenance of
psychopathology. This is particularly relevant for transdiagnostic research because different
forms of pathology often share underlying processes (gigishmentattentional biases
contribute to both depression and anxietyichtensteinVidne et al., 2016)

Overall, there is good reason toove away from traditional classification systems,
such as the DSM, and move towards transdiagnostic approach to understanding mental
illness. The RDoC initiatiiseea useful platform to enable this movemeenhcouraging
researchers to adopt a multidimensial approach when investigating maladaptive
behaviours. This will promot@ more sophisticatednderstanding of the psychology,
cognition and neurobiology behind mental ilineggorm best treatment practices and offer
objective ways to track how a treaent intervention alters the fundamental mechanisms
behind dysfunction.

2.4. Compulsivity: A transdiagnostic maladaptive behaviour

Compulsivity is recognised as a core feature of several debilitating mental ilinesses,

including obsessiveompulsive disordr (OCD), substanaese disorders, and gambling

disorder.Compulsivebehavioursare defined as repetitive acts characterizedaolpss of



controlandi KS FSStAy3a GGKIFIG 2yS WKIFa G§2Q LISNF2NY
conflicts with long term goal@.uigjes et al., 2019Fhey areengaged in because of their
rewarding properties or to relieve anxiety or stress, even if the behaviour is inappropriate to
the context and is causing functional impairméRineberg et al., 2010; Torregrossa, Quinn,
& Taylor, 2008)Thus, thereisapreocclpi A 2y 2 NJ Wgl yiAy3IQ G2 LISNF?2
gain reward or find relief), which is in conflict with an awareness that the behaviour is not
gKIFEG 2yS gl yda RdzS G2 0KS@QuigaeBtalf2dM™ME AG ONBLF G S
Compulsivébehaviouris also highly prevalent within the general community, outside
of DSM5 defined mentalllnessegAmerican Psychiatric Associatipf013, such as in
compulsive eating and shoppiiigigee et al., 2016; Tiego, Oostermeijer, et al., 2019a)
Therefore, i is best conceptualised as existing on a continuum alongside normal behaviour,
whereby normal controlled behavioural engagement sits at onearitle spectrumand
severe, uncontrolled at the otheFor example, everyone regularly eatsf bewer people
regularly eat to the point of excess, despite not feeling hunghys means there are likely
differing degrees ofompulsivity(i.e. ranging from low/mild to severejhich occur across a
wide variety of behaviours (e.g. checkieganing, shopping, eating, gambling, alcohol use)
Clinical populations, such as OCD or addictiepresent the moresevere end of this
spectrumH2 6 SOSNE & GKAA A& Iy SYSNHAYy3 I NBI 27F
demarcatethe transition from fenign to maladaptiveompulsive behaviour are yet to be
defined.
Investigating compulsivity across all levels of the continuum, fromenastent to
severe has the potential to identifgarlyrisk and perpetuating factors for compulsive
behaviour, as wéhs the protective factors which may prevent problematic behavitur.
can also generate new insights and strategies to help individuals witclsutal

compulsivity, who may be experiencirgduced quality of life but do not meet diagnostic
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criteria. o date, research in this area has primarily focussed on individuals whose
compulsive behaviours reach the threshold for diagnosis and have investigated discrete
diagnoses separately (e.g. OCD, pathological gambling), meaning our understanding of basic
riskand protective factors for transdiagnostic compulsive behaviour is largely based on
narrow clusters of observable behaviours and the tail end of the continuum. In order to
advance current treatments and develop preventative interventions, we need a more
comprehensive picture of the full spectrum of compulsivigr these reasons, the research
investigations in the current thesis focus wansdiagnostic compulsive behaviour with
non-clinical, communitypased samplesn the hope of identifying charactistics associated
with mild to moderate presentations of behaviour

The following sections of this review will discuss compulsive behaviour within the
context of the DSMs mental ilinesses it is primarily associated (i.e. OCD, substance
addiction and behaoural addictions). One only has to consider the pervasiveness of
compulsivity across these illnesses and the associated personal and community level burden

to understand the need to drive this field forward.
2.5. Disorders of compulsivityburden of disease and clinical presentation

2.5.1.0bsessiveCompulsive Disorder

Burden of diseas®©CD is probably the most wé&ihown mental health disorder
characterised by compulsivity. It is a chronically disaldorglitionwith an estimated
lifetime prevalence of 2.5% among the general population and it equally affects men,
women and children cdll races, ethnicities and socioeconomic backgroyRisins et al.,
1984; Ruscio, Stein, Chiu, & Kessler, 200) course of OCDtigpicallylifelong and
presents considerable burden to the individual and family, with severe impairment in

function and quality of lif§Koran, Thienemann, & Davenport, 1998sease burden is
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further exacerbated by the high levels of comorbidities, with majority (57%) of OCD patients
experiencing at least one other ¢norbid diagnosigRasmussen & Eisen, 2002)

Treatment of obsessiveompulsive symptom&Vhen patients are newly diagsed
with OCD, the first treatments are typically either cognitive behavioural the(@gy)
pharmacotherapy with serotonin reuptake inhibitors (SRIs) or a combination of(Kotian
& Simpson, 2013Jor those who do not respond to CBT and/or Sifsrnativetreatments
include other types of psychotherapy, classes of medication other than SRIs,
neuromodulation and in extreme cases, neurosurgéris estimated that only 20% of
patients experience lorterm remission of their symptoms following treatment, \Wwh#9%
continue to experience clinically significant O@Ibch et al., 2013 Most adult patients
with OCD do not experience symptom remission, emphasising the foeadbetter
understanding of the underlying cause of disorder and the development of-early
intervention preventative measures for-ask (subsubclinical) indiduals.

Compulsivity in OCDbsessiveompulsive disorder is characterised by the presence
of re-current and anxietyprovoking thoughts, images or impulses (obsessions), typically
followed by repetitive ritualistic behaviours (compulsiotigt are execuedto relieve
anxiety.The presentation of obsessions and compulsions can be remarkably heterogeneous
and evolve over timegbut predominantlyfall into symptom dimensios ofcontamination
obsessions and cleaning compulsipmsrm concernswith checkingrelated compulsions
andobsessions regarding symmetryy R 6 KS ySSR F2NJ 0KAy3a (2
compulsions relating to ordering, arranging, and coun{igrphy, Timpano, Wheaton,
Greenberg, & Miguel, 2010These obsessions and compulsions cause significant djstress
functional impairmentand are very timeconsuming.

It is generally agreed that the frequency of obsessions and compulsions, in addition

to the degree that they interfere with functioning, is what distinguishes normal from
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abnormal behaviour. Not all rituals or habits are corgoans, and while everyone will
engage in these behaviours sometimes, a person with OCD will exhibit the following: (a) lack
of control over thoughts and behaviours, even when they are recognised as excessive; (b)
will spend at least one hour adayontles 0 K2 dzZ3Kia 2NJ 0 SKI GA2dzZNET 0
from performing the behaviour, but may feel relief from the anxiety the thoughts cause;
and (d) experiences significant problems in their life due to these thoughts or behaviours
(National Institute of Mental Health, 2016)

Subclinical obsesshommpulsive symptom&ome individualexperience a milder,
subclinical form bobsessions and compulsions. OCD symptoms are relatively common in
non-clinical populations, with one epidemiological study estimating282 of people
experience obsession or compulsions and only 0.6% of these people meet the criteria for
DSM diagnosi€Stein, Forde, Anderson, & Walker, 199vany of these people are
RSAA3IAYIFIGSR da GadzoOft AyAOlt h/5¢ 06SOldzasS (GKSe
not meet the threshold for &linical diagnosis. For exampgeibcinicalindividuals may
endorse obsessions or compulsicarsd may engage in them for less than one hour a day or
may not find them distressingubclinical symptoms can still casseial impairment,

decreased life satisfaction and increased consultations toctor(Grabe et al., 2000)

however,very few studiespecifically investigatingubclinical OCD have beeonducted.

2.5.2.Substance addictions

Burden of diseas&Vorld-wide, one half of the adult population (2 billion people)
use alcohol and 185 million adults are estimated to have used illicit §Argterson, 2006)
Many of these people will experience serious physical health tahéealth, social and
occupational consequences as a result of their use, with 3.3 million deaths occurring
worldwide each year from the harmful use of alcohol and 200,000 from drugskO,

2016) Of these individuks, 61 million will engage in binge drinkingén drinking>5
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standard alcoholic drinks in one sitting; womed in one sitting), 17 million will develop an
addiction to alcohol and 21.4 million an addiction to drugs (Mclellan, 2017).

Treatment of substance addictiori3espite the prevalence of addiction and the
enormity of its consequences, only 1 in 10 peoplthwan addiction will seek any form of
treatmentand less than half of those that do seek treatment will comple{é&lite National
Center on Addiction and Substance Abuse, 20liZatments generally involvaedications,
12-step groups, health care practitioners, and inpatient or outpatient rehabilita{erant
et al., 2015)Often, these treatment programs bear little resemblance to the significant
body of evidencébased practices that have been validated and are often inconsistent with
scientificunderstandinglmproving the Quality of Health Care for Mental and Substance
Use Condition2006) Moreover, substance addiction frequently-oacurs with other
mental health condittns(Chan, Dennis, & Funk, 2008; Epstein, Barker, Vorburger, &
Murtha, 2004)and multiple addictive behaviours are often invol@dhe National Center on
Addiction and Sostance Abuse, 2012pespte this, conditions are often treated in artificial
silos of care rather than holistically, meaning people need to seek treatment across multiple
avenued al a2y X 22f FI h Bghkeayss rates adyEiBanic trajeatories are
attributed to theseineffective treatment intervention® a O[ St ft I y> [ SgA &3 hQ.
2000)

Compulsivity in substance addictibnug and alcohol addictions, referred hereafter
as substance addictions, are characteribgda)a repetitive driveo seek ancconsumethe
substance/s of choice, (b) loss of control in limiting intake, and (c) the emergence of
negative emotional states (e.g. anxiety, irritability) when access to the substance is
prevented(Koob & Le Moal, 2008)he desire to relieve the negative emotional states
further drives the compulsion for the substand@ualprocess models of substance

addiction for review see McClure and Bickel, 20pb¥tulate that addiction isnaintained
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The automatic system ihought to beover-activated by emotional stimuli (i.e. consuming
substance to relieve negative emotial state) and the reflective systemimpaired, leading
to an inability to adjust maladaptive behaviour despite ldagn consequenceey
features of substance addiction are phenotypically similar to OCD. Firstly, in both cases
thereisg dzNB S Q dk® subsyance or performing a behavidgecondly, there is
aloss of controln ceasingise orbehaviour. Theise orbehaviour is repetitively and
inflexibly engaged in, despite causing functional impairment. Finally, negative emotional
states ofen precede thauseor behaviout and are relievedo a degredollowing
engagement

Impulsiveversuscompulsive substanaediction Impulsivity refers to a
predisposition toward rapid, unplanned reactions with diminished regard to the negative
consequencegEvenden, 1999B5imilar to compulsivity, it characterises a number of clinical
disorders and maladaptive behaviounsolvingrepetitive actions, including substance
addiction(Dick et al., 2010; Shin, @iy, & Jeon, 2013pathological gamblinfl-oxton,
Nguyen, Casey, & Dawe, 2008; Secad#la, MartinezLoredo, Grandé€&osende &
FerndndezHermida, 2016)overeating and food addictiofi.oxton, 2018)pathological
buyingg 5Sf f Qhaaz2s ! ffSys | (anyooAfamovileB& A > 3 | 2§
McKay, 2016)in substanceaddiction, it is proposed that the shift from occasional but
limited substance use to the emergence of a chronic dependent state represents a shift
from impulsive to compulsive ug&oob, 2015; Koob & Le Moal, 2008; Koob & Volkow,
2010)

Impulsivity and compulsivity have traditionablgen conceptualised as opposing
ends of a spectrum, ranging from rewasdeking (i.e. impulsivity) to riskvoidance (i.e.

compulsivity Hollarder & Benzaquen, 199.7More recently however, they have been
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conceptualised within a kdirectional model, as two underlying intermediate (i.e.
transdiagnostic) phenotypeshich overlap to produce a third general disinhibition
phenotype(Chamberlain et al., 2019; Parkes et, &019; Tiego, Oostermeijer, et al., 2019)
Although impulsivity and the firectional model are not the focus of the current thesis and
will not be further discussed, they are important to acknowledge given the-mefetedness
with compulsivity and the role of impulsivity inwell-establishednodels of substance
addiction(Koob, 2015andin growing models of behavioural addictio(f®obbins & Clark,

2015)and OCOAbramovitch & McKay, 2016)

2.5.3.Behavoural addictions

Alongside substance addictions, is another claggldictions that do not involve
substances. Instead these aied S K I @A 2 dzNJ; syrdrorheR ahaldgdud t8 shlistance
addiction where the frequently repeated maladaptive action ishdviour, as opposed to
consumption of psychoactive substanc&hese include the DMSrecognised gambling
disorder(American Psyghtric Association, 2013as well as other behavioun®t yet
included in the DSM, butceivingwidespread research and public interestgluding
WAYUGSNYSG FRRAOGIX2 WAE YWYRHAY RazB 2NBEINERF a A 9304 K2
(Robbins & Clark, 2015)

Burden of diseasét is difficult to estimate the collective burden of disease
associated with each of thesksorders given the sheer number of behaviours that may fall
under this umbrella. Gambling disordalone affect 0.2-5.3% of adults worldwide anoas
an early ag®f onset, witha prevalenceof 3-8%in adolescence and as many as 17% of
youth gambling at least weekl§Petry, Stinson, & Grant, 2008Jompulsive eatingyhich
encompasses a spectrum of eating behaviours ranging from passive oveyéaing
eating disorder and food addictiqiavis, 2013)also poses a significant threat to public

health.Currently, over half the adult population is considered overweight or olf@s®Id
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(Swinburn et al., 2011)nternet addiction has an estimated prevalence of 26(8% et al.,
2018)and compulsive shopping a lifetime prevalence of 5(Bfack, 2007)Behavioural
addictions cause considerable burden of suffering to the affected individuals and their
familiesand have a disorder trajectory whiclan bechronic and relapsinfGrant, Schreiber,
& Odlaug, 2013)

Treatment of behavioural addiction&amblingand bingeeating disordemwill be
used here to illustrate treatment approaches,thsy arearguablythe most widely studied
behavioural addictioato date.Medication intervention is a common approach in substance
addictions, however no medication has edeed regulatory approval for gambling disorder,
and only one medication has received approval for the treatment of binge eating disorder
(US Food and Drug Administration, 2QIH)us, there is a greater reliance on behavioural
interventions for treatment. For gambling, thiscludes various combinatiores CBT and
motivational approaches, which tend to elicit moderate to high effect sizes and perform
better than waitlist controls(Cowlishaw et al., 2012However, thedurability of such
programs is unclear artfuigh rates of relapse raise concerns over loegn treatment
efficacy(Hodgins, Currie, Euebaly, & Diskin, 2007n bingeeating disorder, CBT and
interpersonal therapy are the most strorygbupported interventiongWilson, Wilfley, Agras,
& Bryson, 2010)Although full recovery following treatment occurs in 64.4% and remission
to sub-clinical in 80% of bingeating patients, canorbidities such aanxiety and substance
use show ¢ndencies towards relapg&regorowski, Seedat, & Jordaan, 2013; Hilbert et al.,
2012) underscoring th@eed fortransdiagnostic approaches to treatment.

Compulsivity in behavioural addictiohskeOCD and substance addictions,
behavioural addictions are characterisegrepetitive engagement in a certain behaviour;

diminished control limiting a behaviour despite aversive consequences; and acute feelings

17

3



of reward or relief from negative emotions wh the behaviour is engaged (@hamberlain
et al., 2016; elSuebaly, Mudry, Zohar, Tavares, & Potenza, 20Ad)example, in binge
eating thereis a loss of control limiting food intakevhich isoften preceded by negative
emotionsl YRk 2 NJ NBgF NRAYy3I 0StASTFa | 02dziBuRdh&R 0 S ®3
Abbott, 2019) Feelings of guilt or shame also typically accomgdange-eating, which
further exacerbagsthe desire to keep eating to seek temporary relief fraegative
emotions despite ongoing health concernkhere are certain behaviours which are prone
to excess ad therefore at greater risk of beingsed compulsivel{Punzi, 2016)Examples
includebehaviours such as shopping, eating, gambling, internetAitgough nany
individualscanengage irthesebehaviouswithout cause for concerrfor a portion of the
population there is risk these behaviours macome compulsivé€Chamberlai et al.,

2019)

To sum, compulsivity is a maladaptive behaviour that cuts across diagnostic
boundaries and underlieseveraldebilitating disorders, including OCD, substance addiction
and behavioural addictions, as well as being prevalent atcinizal levels throughout the
community. All are characterised by early onsets, chronic trajectories and poor treatment
outcomes, highlighting the need to develop new understandings of underdgtiglogyof
disorders to inform more efficacious preventativiedatreatment approaches. Similar
outcomes and reduced quality of life also accompanies subclinical compulsivity,
emphasizing the importance of investigating the full severity spectrum of compulsive
behaviours. Although many researchers now recognise tleel he investigate compulsive
behaviours from a transdiagnostic perspective, our understanding of the underlying

predisposing and perpetuating factors remains largely incomplete.
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CHAPTER THREE

3. Psychological, cognitive and neurobiological driversti@gnsdiagnostic compulsive
behaviour

Investigations into the underlying causes of compulsivity have found it to be a highly
complex and multifaceted constru@Eineberg et al., 2018Jhere is not one singular factor
that leads to compulsive behaviour, but rather multitudes of factetg.psychological,
cognitive neurobiological factes), in various combinations, that constitute greater risk or
likelihood of compulsivityFigee et al., 2015)s will be shown in this chaptehe evidence
to date has largely focused on cortistriatatthalamiccortical (CSTC) models for
understandingcompulsivity. That is, compulsivity as a product of disrupted CSTC
neurocircuitry and the cognitive and psychologiocalcesseshese circuits engendeilhese
include cognitive processes such as habit learning, cognitive flexibility and reward
processing, as well as psychologmalcesses includingnotivations for reward and
intolerance of uncertaintyWhen viewed as a whole, thexistingbody of CST@ork reveals
that categorically distinct compulsive behaviesusuch as OCD and addictiores) stem
from the same underlying process disruptions, thus supporting a transdiagnostic
conceptualisation of compulsive behavidittarrison et al., 2013; Jung et al., 2017; Parkes et
al., 2019)

However, as this is relatively new area of reseaitctemains limited in certain way
Firstly,currentunderstandings mainlybased orcomparing findings from investigations
into discrete behaviours (e.g. O@Ersusaddiction), with very few studies utilising
transdiagnostic samples. Transdiagnostic samflessamples that are focusd on more
than one DSMr ICD diagnostic populatioaye neededto characterisehe heterogeneity
and overlap of symptoms across diagnostic categories. Seconeliyll spectrum of

processes thapredispose and perpetuateompulsivityis not well understoodAlthough
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there is good support for CSTC systefaw, studies have explorealternate models.
Specifically,le role of affectdriven processeand limbic neurocircuitryn compulsive
behaviourhas been largely overlookethd may bemportant to consider due to its
potential strength in explaining symptom presentation.

In the current chapterlwill provide an overview of the psychological, cognitive and
neurocircuitry evidence demonstrating that compulsive behaviour may stem from
disruptions to CSTC circuits and processtated to CSTC functioAlthough a
comprehensive body of literature exists, in the present chapter | will focus on the most
central findings to highlight that different compulsive behaviours have common unagrlyi
causesWhere possible, the discussion will focus on studgagtransdiagnostic samples.
After establishing this evidence base, preliminary supfmrthe role ofaffectivesystems
will then be discuss® highlighting it as a relatively under investigated area in compulsivity

literature and warranting further investigation.

3.1. Corticostriatal-thalamic-cortical dysfunction in compulsive behaviour

The corticestriatatthalamiccortical circuitglaya critical role in compulsive
behaviour(Harrison et al., 2013; Jung et al., 2017; Parkes et al., 200 avehistorically
been implicatedn a range of behavioural control functions involving motor, cognitind
motivational processe@Cummings, 1993Yhese circuits involve direct amutlirect
pathways projecting from areas of the cortex to subcortical regisaosh as thetriatum
and thalamusand back to the cortex. The striatum refers to a small group ofcsuitical
structures including the putamen, caudate nucleus and nucleusnalgsens (NAC).

Changes in the net excitation or inhibition of cortical and-sakiical regions
contributes to the initiation/continuation and inhibition/switching of behaviours
(Jahanshahi & Rothwell, 201 AHealthyhuman behaviour requires flexibility between the

initiation and inhibition of behaviourand disruptions to these circuits can result in
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difficultiesceasingmaladaptiveand habituabehavioursTo illustrate healthy behaviour

would be discontinuation of behaviouronce ithas served its initial intended purpose (e.g.
checking the door i®tked once) orecognising when it isausing functional impairment

and stoppinge.g.not placing another gambling bet because substantial money has already
been lost). As will be discussed, disruptions to CSTC circuits can impair the ability cease
automaic habitual behaviours, respond flexibility andntrol rewardseeking driveshus

making it difficult to maintain healthy human behaviours

3.1.1.Increased habit learning and reduced gedirected control in compulsive behaviour
Habits are definedsinflexible, cueslicited, automatic behaviours performed

without consideration of consequencé@alleine & Dickinson, 199&llan & Robbins, 2014

Ostlund & Balleine, 2008/andaele & Janak, 201 They are considered the opposite of

goaldirected behaviours which are intentionahdughtful and sensitive to the value of

prospective goals. It has been proposed that compulsive behaviours can be conceptualised

as excessive habits which devekithe expense ofjoatdirected behaviou(Gillan,

Robbins, Sahakian, van den Heuvel, & van Wingen, 28ttbhger formation of habits has

been demonstrated across diverse compulsive disordeos instance, one study compared

responses on eeward probabilitydecisiormakingtaskin a transdiagnostic sample of

individuals withbinge eating, methamphetamine addiction and Q@bd found a significant

bias towards more habiike respondindi.e.responses based on previously rewiagl

stimuli rather thanoutcome predictionsisingupdatedprobability information)across all

the disordergVoon et al., 2015)nvestigationsisingnon-transdiagnostic samplesso

reveala strongbias toward habit formatioms evident in the different disordersn

O2YLI NRaz2y (2 O2yiNRfaz LI GASy(da oAdgsal h/ 5

directed actions on tasks designed to assess behavioural c@@ittzn et al., 2011; Gillan &

Robbins, 2014)suggesting an increased reliance on habitual responding. Patients with
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alcohol dependence also show imbalant@sard habit learningover goatdirected action
(Sjoerds et al., 2013y herefore, a cognitive bias towards forming habits may constitute a
vulnerabilityor exacerbating factor for compulsive behaviour, as the individual has less
control over automatic and inflexible responses.

Imbalances in habitual over gedirected control of behavioucan bemapped onto
underlying abnormalities in CSTC connectiityecent study investigated the relationship
between CSTC effective connectivity and the severity of transdiagnostic compulsive
behaviour(Parkes et al., 2019)n a population of individuals with OCD and gambling
disorder, researchers showed that CSTC effective conwviggdid not differ as a function of
diagnostidabels butdid differ based osymptomseverity and compulsivity. Specifically,
highersymptomseverity and compulsivity on selport measuresvere associated with
reduced bottomup connectivity in the daal CSTC circuascompared tohealthy controls
Dorsal CSTC dysfunction contributes to deficits in the-gioatted control over behaviour
(Gillan et al., 2015kuggesting it may drive the continuation of compulsive behaviour

despite it conflicting with longerm goals.

3.1.2. Reduced cognitive flexibility in compulsive behaviour

Cognitive flexibility is broadly defined as the apito dynamicallyadjust behaviour
to the demands of a changing environmébiajani & Uddin, 2015Compulsive behaviours
are daracterised by a diminished ability to stop or divert unwanted ideas or actions,
suggesting the presence of cognitive inflexibility. Comparing individuals with alcohol
dependence, pathological videgaming, binge eating disorder, compulsive sexual belavio
and healthy controlsBanca, Harrison and Voon (2016)nd evidence of cognitive
inflexibility across all the different pathologiesthe form ofimpaired reversal learning,
attentional setshiftingdifficultiesand perseveration. Similar cognitive profilesve been

observed in othetransdiagnostic studiesf alcohol dependence and pathological gambling
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(Vanes et al., 2014as well as withif©CD, pathological videgaming and alcohol use
disorder(Kim et al., 2017)investigations intendividualdiagnostic categoriefrther
support cognitive inflexibility as a core feature in Q@@nzies et al., 200, substance use
(Izquierdo & Jentsch, 2018hd behavioural addiction@/anes et al., 2014Although this
finding may not be universal across compulsive behaviours, with no impairments found in
compulsive buying disordéberbyshire, Chamberlain, Odlaug, Schreiber, & Grant, 2014)
During reversalearning taskswhich require high cogtive flexibility,individuals
with OCD demonstratdefective recruitment of the OF@ region within the CSTC system;
Chamberlain et al., 2008; Freyer et al., 2Q0Hk)do individuals with substance use problems
(Izquierdo & Jentsch, 2012h astudyinvestigating bottOCD andubstancedependenceit
wasfound that compulsive symptorseveritydirectly correlated with reduced OFC
connectivity in both pathologie@vieunier et al., 2012)Taken togetherdisruptions in CSTC
appear to underliaifficulties with cognitive flexibilitywhich in turn impactshe ability to
alter behaviourwhen it becomes maladaptive or inappropriate to the functional context.
This may explain why compulsive individuals continue to rigidly engage in certain
behaviours despite consequences. For example, frequently using alcohol to relieve feelings
of stresswhen other more adaptive behaviours (e.g. exercise, relaxation techniques,
confiding in a friend) would be more appropriate and helpful.

A psychological process related to cognitiviiexibility is intolerance of uncertainty,
which is defined as a gerarinability to cope with unpredictability of ambiguity. Individuals
with highintolerance of uncertainty have a lower threshold toubt In situations that
otherswould acceptto be sufficientlycertain, people with high intolerance of uncertainty
may perceivethe situation asunclear(Ladouceu, Talbot, & Dugas, 199@nhdare more
likely to interpretambiguous informatioras threateningi.e. uncertainty = dangeReuman,

Jacoby, Fabricant, Herring, & Abramowitz, 20Bhoughuncertainty itself can be
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adaptive (e.g. double checking your work to make sure there are no mist#hiss),
construct is differentiated by being a disproportionatalyegative reaction to
unpredictable events that are inevitably a part of everyday Tifeus, intolerance of
uncertainty can be conceptualised as a form of inflexibility or rig{#igrgus & Rowatt,
2014)

In relation to compulsivity, individuals with OCD often describe how their obsessions
trigger doubt abait something, and how their compulsions function to relieve such doubt
YR NFB a2 Nabrarto@i& NEytorh 8 NicKag, 2009here is a consistent, positive
relationship between selfeported intolerance of uncertainty and OCD symptdidslaway,
Heimberg, & Coles, 2006; Tolin, Abramowitz, Brigidi, & Foa, 28@B)eported intolerance
of uncertainty is also significantly higher in people with binge eating diso(Barsholdy et
al., 2017) is associated with increased drive to use alcg@gjlesby, Albanese, Chavarria, &
Schmidt, 2015and is related to increase use of drugs to c@peruk et al., 2015)

Moreover, intolerance of uncertainty has been linked to CSTC dysfunction and greater
symptom severity in a transdiagnostic compulgpepulations(Parkes et al., 2019),
supporting it as a likely risknd/or maintenance factor for compulsive behavio@verall,a
consistentline ofevidencehas emergedacross multiple levels of function (i.e. psychological,
cognitive and neurocircuitry) indicating that inflexibilépd intolerance are kegroceses

which contibute to compulsivity.

3.1.3. Altered reward processing in compulsive behaviour

Finally, dysfunctiomvithin CSTC circuits involved in reward processing have been
heavily implicated in both OCD and addiction, whereby there is a tendency to accefgrsmal
more immediate rewards over larger delayed ones or #@&Tgn goalsin arecent meta
analysis of 25 studigavestigatingreward processinglecreased striatal activation during

reward anticipation in monetary reward tasi&s a consistent finding substanceuse and
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gambling addictionsvhen comparedo healthy controlqLuijten, Schelleken&thn,
Machielse, & Sescousse, 201Mis demonstrates eeduced brairactivity response to non
addiction related cues and typically mirrored by aimcreased response to addiction cues
(Robinson & Berridge, 200&imilarly, irOCD attenuated reward anticipation activigy i
evident inthe ventral striatum when compared to contefFigee et al., 2018nd is
accompanied byncreased striatal responsiveness in response to symggpatific stimuli
(Rotge et al., 2008Yherefore,in compulsivitythe striatum may becomeonditionedto
respond to a certain stimulus (e.g. alcohol, gamblaiganlinestc.), releasing an acute
reward/pleasure response and promoting increased saliearakfurther engagementith
that stimulus

Beyond such neuroanatomical evidencbparmalities inreward processingre also
observedat the psychological level, wherelmpmpulsive individualseltreport greater
sensitivty to reward or a stronger drive to seek rewatthpulsivity, a psychological trait
strongly associated with motivations for rewai@orr, DeYoung, & McNaughton, 20:8p
linked to CSTC functioRifieberg et al., 2034is observed across substance and behavioural
addictions, irrespective of the type of addiction (Zilberman et al., 2018) stipjorts the
idea that different compulsive behaviours may stem from common psychological processes
linked to reward motivation. Aese findings converge with another study examining
personality traits in substance use disorder, gambling disorder and bulimia nervosa, which
found novelty seeking (i.@ subfacet of impulsivity and defined aspairsuit of rewarding
new experiencedp be elevatedacross all behaviour&lel PineGutiérrez et al., 2017)

AlthoughOCDhastraditionally beenconcepualised as being motivated by
avoidance of negative internal experiences, recent evidence shows that for some patients
with OCD compulsions may be rewarding, rather than relieving. Studies of treatment

seeking OCD patients have reveamedst patients expeience positive affect (e.g. feeling
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cheerful, proud, determine, confident, energetic and alert) in anticipation of and following
their compulsion(Fontenelle et al., 2015; Ferreira, Yucel, Dawson, Lorenzetti, & Fontenelle,
2017).
The evidence aboveollectivelysuggests there are individuals with OCD and addiction

for whom perpetuation of their compulsive behaviours includesard motivations.
Notably, slf-reported impulsivity, coupled with intolerance of uncertainty, has bémamd
to better account for CSTC disruptidnscomparison tdraditional diagnostic categories of
OCD and gambling disorder (Parkes et al., 20a8icating their superiority in explaining
brain-behaviour relationshipand illustratinghow integration ofmultiple measures
(as opposed to a single measuoanbe a more sensitive method for capturing
neurobiological variance

Overall, there is good emerging evidence for CSTC models in exptampglsivity
BEvidence has been found across multifgeels of functionfurther supportingit as a good
framework for understanding compulsivitgs has been shown, abnormalities in reward
processing, cognitive flexibility and habit learning likely predispose orar exacerbate
compulsive behaviour®isruptions across multiple processes (e.g. reward processing +
habit learning; intolerance of uncertainty + impulsivity) likely contribute additive
vulnerability.However, these processes do not entirely explain compulsive behaamnalr
further research imecessary to uncover other models of understanding, and thus other
processes which contribute to compulsivity.
3.2. Affective processing and limbic dysfunction compulsivebehaviour

In comparison to CSTC models of compulsivity, our understanding of the cognitive
and neural substrates that underlie affedtiven compulsive behaviour is relatively
underdeveloped, particularly in relation to the role of negative affective stddespite

evidence from discrete diagnostic samples indicating that limbic systems may be disrupted
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in disorders of compulsivityesearch is yet to explore affective models and limbic neural
systems as a way to understatrdnsdiagnosticompulsive behaviour

In substance addictiog) druguse shiftfrom rewarddriven, to avoidanceof
negative emotional stateshhis is mirroed by recruitment of the brains antieward
systemspf which the amygdal& an important regiorffor review seekoob,2015) Thereis
also areduction in topdown prefrontal control @erthe amygdala, allowing it to be more
active and generate emotiofCrunelle et al., 2015kxcessive amygdala and insula
activation have been linked to increased severity of craving toward gambling stimuli
people wth this condition(Goudriaan, De Ruiter, Van Den Brink, Oosterlaan, & Veltman,
2010) Similar findings are also seen in binge eatimigereby there iggreater activation in
bottom-up emotiongeneratingregions in response to food cues, and reduced-dogvn
control from higher order network&Steward, Menchon, Jiménddurcia, SorianéMas, &
FernandezAranda, 2018)This could explain why people compulsively feaid,
experiencingncreased emotional salien¢ewards foodin the context of reduced self
regulation, while other people are able to inhibit this behaviour and monitor their intake
using executive controlaken together, regions within the limbic system appear to be-over
activated andhis is coupled withess control from higiorder cortical regions, suggesting
there may be an affective drive underlying compulsivity in addiction.

Beyond these substance addiction presentatidhsre is also ample evidence
suggestinglysfunction withinaffectregulatory neurocircuits contribute teymptom
presentation inOCD(summarised in a review byan den Heuvel et al., 2015pecifically,
there isa disconnectiorbetween limbic regions and tegown fronto-parietal regions
(Gattlich et al., 2014), which is thought to explain why individuals with OCD struggle to re

appraise and regulate their emotioifide Wit et al., 2015)and thus rigidly rely on overt
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behaviours (e.g. cleaning, checking, arranging) to doegulate uncomfortable emotions
(e.g. anxiety, worry).

Overall, there istrongemerging evidence to suggest there are abnormalities in
brain structure and function which are common across a range of disorders characterised by
compulsivity However, this area of research is still underdeveloped, and the full range of
both psycholgical and cognitive risk factors remains poorly understoids is particularly
the case for affectriven compulsive behaviour, which offers an exciting new opportunity
to progress understanding of compulsivity and its causes. In the subsequent chiaptikrs
expand upon this foundation of research, by exploring the model of Experiential Avoidance,
which provides a promising framework for understanding affirt¢en compulsive

behaviour.
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CHAPTER FOUR

4. Experiential avoidance: A psychologichlver for compulsive behaviour

Compulsivébehaviourcanbe viewed as a maladaptive way to manage ones
emotions(Figee et al., 2016Behavioursvhich are vulnerable to excess (e.g. checking,
alcoholuse, gambling, shopping, eating) provide effective strategies to alter or avoid
negative emotions. For example, OCD repetitive behaviou(s.g.checkingwashing
ordering)are often engaged in taeduce anxiety or distress. In substance addiction,
consumingsubstances immediately altethe internalemotionalexperience, offering a
shortterm method of escape or relief. In behavioural addictions, behaviours such as
gambling orexcessivénternet use canprovide useful means of distraction from internal
thoughts or worriesThisoccurrence whenindividuals are unwilling to tolerate
uncomfortable thought®r emotions and takeaction to avoid themisknown as
Experiential Avoidance (EHayes et al., 2004bespite bein@ potentially potent motivator
of compulsivebehaviour EAhas received relatively little attention in compulsivity literature
and has not yet been investigated transdiagnosticétiyhis chapter | wilbutline the
background theory of EA, provide rationale for its relevance in transdiagnostic compulsive
behavour and present the available evidence from the literature to ddteis information is
used to inform the affective processes discussed in the subsequent chapter (Chapter 5) and
is the framework of understandinghich Studies One and Two (Chapter 6 andré)based
upon.
4.1. Background theory aéxperiential avoidance

EAis comprised of two related parts: (ah unwillingness to remain in contact with
negative private experience (e.g. memories, thoughts, emotions), and (b) action taken to

alter or avoidthese private experiencgslayes, Wilson, Gifford, Follette, & Strosahl, 1996)
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In other words, EA is a copsychologicatonstruct that arises when people have

uncomfortable or unwanted thoughts and/or emotions aacktin order to asoid them. It

Oy 0SS (K2dAKG 2F a Iy AYRAQGARdzZ f Qa NBf I GA2

perceived distress, how someone responds to feelings, rather than what he or she is feeling.
As humans, is it natural to wish to avoid negative expeesnhowever such
experiences are often necessary to achieuegoals For example, emotions such as stress
and selfdoubt are unpleasant, however they are emotions which must be experienced in
YIye 2F tAFTSQa OANDdzyad!l yaewjedpleardehg chitdé@n 2 2 6
etc. They are a necessary component of living a valued life. Individuals who are
experientially avoidant have a lower threshold for negative emotions and more readily seek
relief or avoidance from them. In the shadrm, avodance is often effective, as it
immediately works to reduce or alleviate negative feelings or distress. However, EA
becomes a disordered process when it is applied rigidly and inflexibly, such that enormous
time, effort and energy is devoted to managingntrolling or struggling with unwanted
emotions(Boulanger, Hags, & Pistorello, 2010Y his creates lontgrm difficulties (i.e.
psychopathologyas certain emotionare negatively evaluated and avoiddi#te actual
external threatsEA exacerbates the level of psychological distress by increasing the salience
of negative emotiong i.e. greater effort used to avoid negative emotions, results in
increased monitoring for the presence of these emotiRkett & Kurby, 2010 herefore,
while it is an adaptive strategy at reducing shtatm distress, it is maladaptive logrm
as it paradoxically works to increase overall distress.
4.2.Measurement of experiential avoidance
Before discussing the empirical evidence fonrefental health, it is important to
understand how it is measured, as this impacts interpretation of empirical evidence. The

measurement of EA is complicated,ibencompasses a wide variety of behaviours. For
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example, cognitive avoidance strategiestsas thought suppressiaiwWenzlaff & Wegner,
2000) affective strategiesuch as emotional suppressi¢Bross & Levenson, 199&)d
behavioural methods of avoidance copifeidner &Endler, 1996)can all be
conceptualised as types of Aayes et al., 2004)

Researcherbavedevelopedseltreport scaleso simplify and capture EA as one
unified constructThe psychometric scale most widely used is the Acceptance and Action
Questionnaire (AAQ), which was developed lyayes et al. (2004nd has since been
updated from the AAQ. It is ashortscale specifically designed to measure EA, with
j dzS & G A 2 ylavordy dbOut not béingd@ble to control my worries and feekngs
Research using the AA@dlinked EA with a wide variety of psychopatholfgy review
see Chawla & Ostafin, 200and while these results are promising, it should be aateat
this measure of EA is limited in certain ways. Firstly, some studies have shown that the AAQ
has poor content validity and actually functions more as a measure of neuroaidm
negative affec{Boelen & Reijntjes, 2008; Rochefort, Baldwin, & Chmielewski, 2018)
Secondly, the AAQ is a brief measure which was designed to assess two aspects of EA (i.e.
non-acceptanceandavoidanceof negative internal experiencgswhich is problematic given
the broad scope and complexity of EA as a constiina.final and most notable limitation
of the AAQ, is that it treats EA as a unidimensional construct.

In an empirical review of EEhawla and Ostafin (200pncluded that EA is best
conceptualised as a multidimensional constrantompassing number of different
processesThe multidimensional nature of EA has been supportedone recent empirical
studies(Gamez, Chmielewski, Kotov, Ruggero, & Watson, 2011; Mcmullen, Taylor, &
Hunter, 2015; Rochefort et al., 201&) response to the review b@hawla and Ostafin
(2007) the Multidimensional Experiential Avoidance Questionnaire (MEAQ) was developed

to capture EAacrosssix dimensionsbehavioural avoidance, distress aversion, distraction
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and suppression, repression/denial, procraation, and distress enduran¢&amez et al.,
2011) Unlike the AAQ, the MEAQ can be differentiated from neuroticism/negative affect
and is accepted as the most valid available measure gREéhefort et al., 2018)

Alongside challengesssociatedvith measuringgA, there is also variabiliground
whether EA should be conceptualised as tkamted or statebased.Resarch generally
conceptualizes EA as an avoidance strategy (i.e.-baded)and thereforetypically
investigates it as a mediator variableccurring further downstream and influencing how
other trait-based variables relateto psychologicabutcomes(Fledderus, Bohimeijer, &
Pieterse, 2010; Ghazanfari, Rezaei, & Rezaei, 2@8idan, Barrios, Forsyth, & Steger,
2006; Kingston, Clarke, & Remington, 2010; Orcutt, Pickett, & Pope, 2005; Roche, Kroska,
aAff SNE YNRa |.EAXhagalsh feénlinMdstijated asm ynoderator, whereby it
explains the conditions under which other psychological constructs priedicviour
(Bardeen, Fergus, & Orcutt, 2013; Minami, Bloom, Reed, Hayes, & Brown, 2015; Pickett,
Bardeen, & Orcutt, 2011Most recently however, EA has beeanceptualiseds a traitlike
characteristigKirk, Meyer, Whisman, Deacon, & Arch, 20tBaracterisedy an
unwillingness to tolerate negative emotions which in turn infloes avoidanbehaviourin
the context of distressThis perspective is reflected in newer measures ofiEAMEAQ)
which now assess it agrait (Gamez et al., 2013, 2011)

4.3. Evidence for experiential avoidance in mental health disorders

EA has received increasing attention in the clinical psychology literdtigeo
ANBGAY I Ay GSINESET OAS/K IOBAKANR f ' yR O23yAGADS
central theme(Boulanger et al., 2010Examples of thirdvave therapies include acceptance
and commitment therapy (ACT), mindfulndsased cognitive therapy (MBCT), behavioural
activationand dialectical behaviour therapy (DBThese therapies target pathological

experiential avoidance processasdseekto foster experiential acceptance of internal
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experiencesMultiple meta-analyses have supported the efficacy of these therapies and the

constructs they target, indicating they are generally as effective as traditional cognitive

behaviour therapy (CBDimidjian et al., 2016; Hacker, Stone, & MacBeth, 2016; Ost, 2008)
Bvidence demonstrates that EA is a l@gcessvhichcontributesto the

development and maintenance of various forms of psychopatho{Gimawla & Ostafin,

2007; Monestes et al., 201.8n a metaanalysis of 32 studies involving 6,628 participants

investigating the relationship between EA (as measured by the AAQ) and various measures

of psychological wellbeg, quality of life and psychopathology, it was found that EA

accounedfor 16-28% of the variance imental health outcomesdncluding depression,

anxiety and lower quality of liftHayes et al., 2004YWhilethis work has largely used the

AAQ, promising findings have also emerged from research using the NUSHQ.this

measure EA has been linked to reduced wellbefMachell, Goodman, & Kashdan, 2015)

depressionMoroz & Dunkley, 2019gating problemgCiarrochi, Sahdra, Marshall, Parker,

& Horwath, 2014; Litwin, Goldbachemi@aciotto, & Gambrel, 201 And substance use

(Buckner & Zvolesky, 2014; Buckner, Zvolensky, Farris, & Hogan, 2014; Dvorak, Arens,

Kuvaas, Williams, & Kilwein, 201Bespite its role across a wide range of pathologies, EA

has rarely been used to investigate psychopathology transdiagnostically.

4.4. Experientiabvoidance incompulsive behaviour

4.4.1.Experiential avoidance inlmsessivecompulsivebehaviours

EA is believed to play an important role in OCD and it has been posited that
compulsions can be conceptualisedfasnsof EA(Eifert & Forsyth, 2005; Hayes et al.,
1996) Obsessions are persistent thoughts/impulses/images that are associated with
significant anxietyand distressCompulsions are repetitive behaviours (e.g. checking,

cleaning) or mental acts (e.g. counting)ich areinflexibly and excessivegngaged irto
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relieve anxiety provoked by obsess#ithe goal of the compulsion is to reduce and control
the obsession and associated anxigipalogous to EA, theompulsion is being used to
relieveuncomfortable thoughts andr emotions

Despite thegoodtheoretical rationalfor the role of EA in OCD, only a handful of
studies have directly investigated the relationshipd findings have been mixed. Two
studies explored the ability of EA to predict obsessiwmpulsive symptoms in a nen
clinical sample and founithat it did not add significantly to the prediction of symptoms
over and above the contribution of general distress and obsessive b@hiefamowitz,
Lackey, & Wheaton, 2009; Manos et al., 200)other study however, usingore sensitive
measures of EA (i.e. the AAQather than the AAQ), found that EA was significantly
positivelycorrelated withselfreported OC symptom severitffVetterneck, Steinberg, &
Hart, 2014) albeit the relationship was weak% .42) The role ofEAhas not yet been
investigatedn OCD using more recently developsghsitve andmultidimensional
measures. It therefore remains unclear whether mixed findings from past literaigrdue
to problems withEA conceptualisation andeasurement validityMoreover, it may be that
certain lower order constructs of EA (e.g. behav@@avoidance) and more important for
our understanding of OC behaviour and assessing EA as a waitestyuctreduces

specificity to detect these effects.

4.4.2. Experiential avoidance in substanoslated addictions

Similarly, relatively fewtudies have directly examined the role of EA in substance
addictions despite the similaritiesniaddictionphenomenologyand EAPositive
reinforcement dominates the early stages of substance use, whereby expectation of reward
motivates usgKoob & Volkow, 2010However, in the later stages, there is a transition
from positive reinforcement to negative reinforcement and automaticity, whereidance

of negative affect motivates us&hese later stagesncourage more compulsive use of
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substances and are the stages shanalogous to EA. Here, the individual is experiencimg a
uncomfortablethought/feeling/emotion (e.g. withdrawal/negative att) and seeks short
term immediate reliefwith further substance consumption. Moreover, this occurs despite
awareness that further consumption causes functional impairment. Interestingly, while the
typical conceptualisation of addiction is the transitimam positive to negative

reinforcement, for some individuaksarly substance usé motivatedby negative
reinforcement(Conrod, 2016)Meaning, the initial purpose of use was to seek
relief/avoidance from negative internal emotions or experiences, and fusheportingthe
relevance of EA for understandiagdictiors.

Research directly investigating EA and addiction is sparse, however there is literature
to support that substances are used to alter negative internal experiences. For example,
alcohol misuse is a commonly reported strategy for coping withatiee affect(Ehrenberg,
Armeli, Howland, & Tennen, 201@)lisengging from social stresso(Blumentha)] Ham,
Cloutier, Bacon, & Douglas, 20H)d avoiding emotional arous@rotchie, Hanes,

Wendon, & Waller, 2007 5imilarly, people who have experienced significant life stressors
often turn to substances such as alcofBédardGilligan, Cronce, Lehavot, Blayney, &
Kaysen, 2013xocaingBack, Sonne, Killeen, Dansky, & Brady, 2008)ijuana(Bonn

Miller, Vujanovic, Feldner, Bernstein, & Zvolensky, 200 0piates(Rugani et al., 20119
repress psychological diisss.

The small number oftgdiesthat haveused direct measures of EA have elicited
promising findings. Usintpe multidimensional measure of EBuckner, Zvolensky, Farris, &
Hogan (2014 showed that among current cannabis users, procrastination (i.e. delaying
anticipated distress), behavioural avoidance (i.e. overt avoidance of distressing situations)
and denial (i.edissociating from distress) were all associated with atgrefaequency of

cannabisrelated problems. In particular, behavioural avoidance walictiveof cannabis
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related problems, leading authors to conclude tiiadsewho use cannabias a behavioural
strategyto cope with distressing situations are moreelikto display problematic drug

related behaviour. Another study compared problematic alcohol use in college students
with a history of traumgDvorak et al., 2013Higher PTSD symptomology coupled with low
distress endurance (i.e. ability to behave effectively when under distress) predicted greater
comorbid alcohol related consequenc¢@mdicaingthat greater distress endurands
protectivefor comorbid substance related problemBaken together, EA appears to play a
role in substanceelated addiction, however this is difficult to conclude given the relatively

few studies directly assessing the relationship.

4.4.3. Experiential avoidance in behavicuelated addictions
Individuals with gambling problems use gambling to regulate a range of unwanted
private experiencegFong, 2005; Wood & Griffiths, 200However,only one study has
directly investigated this within the context of BA.treatment seeking problem gamblers,
EAwas found to bepredictive of higher levels of problem gamblifRjley, 2014)Moreover,
9! YSRAIFIGSR GUKS LRAAGAGDS | aa20AFGA2y 06S0G6SSy
tendency to suppress unwanted negative thoughts) and problem gambling. Meaning, EA
was not only related to problem gambling, but believed to be a mechanism through which
unhelpful psychologicatrategiesoperated.

Compulsive buying involves a preoccupation with buying or impulses to buy that are
experienced as irresistible, intrusive, and uncontrollgMeElroy, Keck Jr, Pope Jr, Smith, &
Strakowski, 1994 EAhas been found teartially mediate the relationship between distress
tolerance (i.e. perceived ability to withstand distress) and compulsive bwiiiams
2012) This indicatedbuying behaviours, when they occur in the context of distress or

negative mood, may serve an avoidant, or negatively reinforcing function.
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EA has also been implicated in compulsive eating. Compulsive eating includes
problematico SKI @A 2dzNAR &dzOK a4 WSY2dA2ylLtQ SIGaAy3
defined as the tendency to eat in response to negative emot{@mnsow, Kenardy, & Agras,
1995) Binge eating is similar, however has specifiers related to time frame (i.e. food
consumed within a-hour period), amount of food consumed (i.e. large) and feeditags
of control (American Psychiatric Association, 20)th behaviours are characterised by
individuals wheeat in response ta@ues that signal psychological distress as opposed to
physiological cues that signal hung@tlison, Grilo, Masheb, & Stunkard, 2005; Greeno &
Wing, 1994; Oliver, Wardle, & Gibson, 20@3)is thought tomediatesthis relationship
between negative emotions and emotional eatifigtwin et al., 2017)Furthermore, in a
study evaluating the efficacy of ACT for binge eating, results showed that improved
treatment outcomes were mediad by reductions in EA.llis, Hayes, & Levin, 2011)

Overall, there is good theoretical and emerging empirical evidence in support of a
relationship between EA and compulsive behaviacnoss a range of individual diagnoses
and behavioursHoweverthis body of work is clouded by conceptual and statistical
variability in the measurement and assessment of EA. Moreoweresearclstudies have
explored this relationship transdiagnostically, across multiple compubsti@viourswithin
the oneintegrated research protocobDelineating the nature of this relationshigill help to

inform more targeted and individualized interventions for compulsivity.
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CHAPTER FIVE

5. Compulsivebehaviour andassociations withcognitive andneurobiologicalaffective
processing
In the RDoC initiativeemphasis is placed on understanding the fundamental

mechanisms that result in differing degrees of dysfunction, in terms of basic science (e.g.
neurocircuitry, physiology, cognitionj keepingwith this approach| will now focus on
severalbasic brain mechanisms thhtive demonstrated good theoretical and experimental
evidence to suggest that thesontribute to or exacerbate experientially avoidant
compulsive behaviouiThese includeognitive valence learning asymmg(r.e.a biasin
learning and forming expectations based on positive versus negative feedback, as measured
by a computetbased task)HypothalamicPituitary-Adrenal (HPA) axa&ctivity (as measured
by the cortisol awakeing response) and amygdala netwativity (as measured by resting
state functional connectivity)rlhe mechanisms selectédNBE NBf I 6 SR (2 WK2{Q
processe$ 4 2 LJLJ2 A SR (2 Zel£d R £4rlsbn, RINB ddSognitiGprocesses
are those that operate in affectively neutral contexts and generally require logic and
conscious control, for example cognitive flexibility, planning and working memory. In
contrast, hotcognitiveprocesses are those elicited ¢ontexts that generate emotion,
motivation and conflict between acute gratification and letegm goals, for example delay
gratification and affective decision makir@iven the role of emotion iexperientially
avoidant compulsive behaviour, it seemedti@ent to select processes with a known role
in emotionallydrivenbehaviour.The aforementioned mechanism#orm the outcome
measures of th&study Twothus a detailed discussion of the background theaorg
measuremenbf each will be provided. This Wbe followed by insights into how these

processesnaydirectly relate toEA and compulsivity
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5.1. Valence learning asymmetries

5.1.1. Theory of valence asymmetries

In our dayto-day life, we are often faced with decisions to approach or avoid the
situations we encounter. Some decisions are automatic and easy, while others require more
thoughtful consideration. These daily decisions can have consequences that impgaasv
aspects of our health, happiness and life. For example, decithegherto exercise today.
The effort required for each decision is influenced by how motivated we are to
approach/avoid a situation, as well as our expectations of that situationeXample, we
may feel motivated to get fitter, however our expectation of exercise is negétige
painful and tiring. This would make for a more effortful deliberation over whether to
exercise, in comparison to someone who was feeling motivation adgbaitive
expectations about exercise.g.feeling healthy and energised).

The literature orcognitivevalences asymmetrias born out of work byFazio and
colleagues (2015who proposed there are individual differences in the tendency to weight
positiveversusnegative information when formingxpectationsaboutsituations as well as
learningpositive or negative associations abouwituation. It is furtherposited that
individual differences in valence weighting reflect differences in howegtablished
attitudes generalise onto similar but now&tuations For instane, individuals with a
negatively weighted bias notice resemblarioeknown negatives more strongly than
negatives to known positives and are therefore more likely to make a negative assessment
of the novelsituation. For example, someone with a negativelgighted bias may make a
negativeinitial assessment of a new form of exercise (e.g. Zumba) because of its
resemblance tahe negative aspects a@ther forms of exercisé S®3® aL KI @3S NIy
AG o a LI Ay Fdz = (0 KThisimagod dndlogausSto gebbple Wb dehdtd & 6 St

see the negatives in new situatignersuspeople whotend to see the positives.
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Importantly,our valence asymmetriemfluenceour behaviour. Given a positive
expectation of asituation, one is more likely to approaend engage. Conversely, a
tendency to generalise negative expectations may lead to avoidance like behaViakes.
the exercise example again; the individual with the positive valence asymmetryeigly
the positives associated with exercise (i.e. feeling energised, feeling fit) more strongly than
the negatives (i.e. discomfort, fatigue, effort), and therefore be more likely to regularly
exercise and explore new types of exercise. While for someone eterglises more
negative expectations, the discomfort/fatigue/effort associated with exercise will outweigh
and be more salient than the positives, thus leading to a reduced likelihood of engaging in

exerciseand exploring new forms of exercise

5.1.2. Measurement of valence asymmetries: Bdaast
To assess individual differences in valence asymmefazsp and colleagues (2015)
developed ehighly novelognitive task called BeanFeBeanFest comprises two stages, a
leaning phase whichstablishes the playetendency to learn and remember from
situations that resulted in punishmenersusreward,followed bya generalisation phase
during whichtheir unconscious propensity teegeralise this bias to novel situations or
events is examirgk During the learninghase participants attempt to maximise their
points by learning to approach positifiee. rewardingand avoid negativé@.e. punishing)
stimuli® ¢ KS &AGAYdzZ A | NB a0 S(Figuies.l). BoKolwiGgthisdl NB Ay |
f SINYyAY3I LKIaAaST GKSe N8B GKSy |a1SR G2 Ofl aa
These beans in the classification phase include beans from the learning phase, to assess
learning, and novel/new beans, to assess attitude genetadisdrom beans previously seen
to novel beans. This procedure allows onal&ierminethe average response to novel
beans controlling for how welthe individuallearned positive and negative beans from the

learning phase.
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This task isighly innovativeandis the product of many years of testing and iterative
development It addresses previous difficulties in thesessment ofalence asymmetries.
For example, pevioustasksinvestigating valence asymmetriegere based orstimuli
consisting of affectiveoundswords andpictures(Norris, Larsen, Crawford, & Gampo,
2011) for example a picture of a gus a negative image, a picture of a baby of a positive
image This is problematic as often participants hawnghly individualiseghreconceived
impressions of the subjective stimuli, makingxtremelydifficult to assess true cognitive
processing biase&.or example, an avid recreational shooter will find the image of a gun
positive, and an overwhelmed new parent find the baby pietnegative BeanFest
addresses this problem by using nouaemotivestimuli with which participants have had
no previous exposurearefully pairing them with reward or loss experiences, and thus
allowing the measurement déarningand formation of affective attitudesthat are

untainted by past experiences or attitudes.
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Figure5.1.1: The bean stimuli used in the Beanfest task. Adapted from (Fazio et al.,
2015).

5.1.3. Current evidence for valence asymmetries

BeanFest hashown highsensitivity to both positive and negative valance asymmetries
across a large and growing body of research. For examgeedsed and anxious
individuals display a negative learning bias, which is driven by a lack of appreciation for the
positive beans thg had encountef(Conklin, Strunk, & Fazio, 2009; Shook, Fazio, & Vasey,
2007) Moreover, a negative weighting bias has been found to predict increases in
depressivesymptoms in university studes(Pietri, Vasey, Grover, & Fazio, 2Q15)
highlightng the tasks predicative validity for mood concerns.

Differences in weighting biases have also been linked to-jmeesonal relationships.
Weighting bias has been shown to predict the number of new peer relationshipydmst

university students willdrm within their first two months of university, whereby a positive
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weighting biagslinked to more new relationshipdgRocklage, Pietri, & Fazio, 201&)more
negative weighting bias is associated with greater sensitivity to the possibility of
interpersonal rejection, as well as apprehension regarding novel people and situations
(Pietri, Fazio, & Shook, 2013his suggests that valences asymmetries may impact the
quality of interpersonal relationshipand provide realvorld indications of approacand
avoidance behaviours.

Moreover, and most relevant to compulsivity, valence asymmetries have been linked to
impulse control and risk tendencies. Individuals who exhibit positive valeéaseson
BeanFest have less impulse control than individuals who have negative valences, however
this relationship only holds for individuals with low trait setintrol (Zunick, Granados
Samayoa, & Fazio, 201 Bimilarly, those with a more positive weighting bias have a
tendency to engage in riskier behavioPsetri et al., 2013)This indicates that those who
have a more positive valence asymmetry display a greater susceptibility to disinhibition and

maladaptive behaviours.

5.1.4. Valence asymmetries in expential avoidance and compulsivity

Although yet to be investigated, cognitive valence asymmetriagcontribute to
compulsivity particularly in the context of compulsive behaviour that is motivated by EA.
There is good rationale to suggest an interactietween the three (i.e. compulsivity, EA
and valence asymmetried}A is linked to increased mood related concerns, such as anxiety
and depression, both of which have been associated with a negative learnin@biadin,
Strunk, & Fazio, 2009; Shookzio, & Vasey, 200./Moreover, theory of EA describes how
experientially avoidant individuals have a bias towards attending to negatiemal
experiences which perpetuates avoidance behavidbis bias may extend to negative
externalexperiences, thufostering more negative assessments of novel stimuli and

avoidance behaviour.
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However, ompulsivity is, by nature, characterised by excessive approach behaviours, in
that individuals seek out stimudind situations (e.g. alcohol, shopping, gambling, eating,
checking, counting) with the expectation that there will be a positive outcome (e.g. relieve
anxiety, distract from negative thoughts). Therefore, it could be argued that compulsive
individuals may hava bias towards learning positive associations. They have a greater
tendency to quickly learn which situationasutelyhelpful and continue to engage that
behaviour. This may come at the expense of more conscious deliberation of both the
positiveand negative associationsf that behaviour For example, drinking alcohol will
acutely relieve feelings of anxiety however can have distal negative consequences, such as a
hangover and feeling tired the next day.

Consider again the exercise example; an idial who has an underlying motivation to
exerciseandhas positive expectations of the actual act of exerciggmgore likely to
exercise than someone who is motivated but had negative expectations. Therefore,
someone who is motivated to avoid negativéernal experiences (i.e. experientially
avoidant)andhas a positive expectation of a certain behaviours (e.g. alcohol, shopping,
gambling, eating, checking, counting) may be more at risk of problematic compulsive
behaviour. This is in comparison to sane who may be also motivated BA butis aware
of the negatives associated with excessive behaviours (e.g. functional impairments, time
consuming etc.). Consequently, in the case of compulsivity, a negative bias may in fact be
protective, as it may helfhe individual to associate more distal negative consequences
with the compulsive behaviour rather than the immediate positives important to
understandthe nature of theinteractionbetween EA, valence asymmetries and
compulsivity as this may shelight on processes which protect or exacerbate compulsivity,

thus guiding potential new treatment avenues. For example, if a negative weighting bias is
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protective for EAnotivated compulsivity, then cognitive treatment interventions could be
targeted towads adjusting positive biases towards being more neutral or negative.
5.2.HPA axis function

As outlined in earlier chapterspmpulsive behavioumay be amanifestation of an
AYol t I yOS 0 Si g Sdrgcted ddShamieatnihgy/sgstemsIveherdéby there is a
reduction in goalirected control over behaviour andancomitantstrengthening of habit
like respondindGillan et al., 2015)There is a large body of work linking stress to the
promotion of habitual behaviouiSchwabe & Wolf, 2009; Schwabe, Tegenthoff, Hoffken, &
Wolf, 2013; Smeets, van Rentbeek, Hartogsveld, & Quaedflieg, 2019; Wirz, Wacker,
Felten, Reuter, & Schwabe, 2013)iggesting that increased stress may be a vulnerability
factor forcompulsivity(Gillan et al., 2015; Schwabe, Dickinson, & Wolf, 2011; Stephens &
Wand, 2012a)EA has a reciprocal relationphwith stresswhereby EA predicts increased
stress responses and increased stress leads to more experientially avoidant behaviour
(Ishizu, Shimoda, & Ohtsuki, 2013jress and EA haasobeen shown to interact and
increase the risk of psychopatholoffyueda & Valls, 2016)hus, stress likely plays a key
role in the onset and exacerbation of experientially avoidant compulsive behaviour

The Hypothalami®ituitary-Adrenal (HPA)xas functioning is a widely investigated
biological indicator of streqStephens & Wand, 201and irregularities in HPA functioning
are closely tied t@ffectiveprocessing aneémotion regulation disruptiongBao & Swab,
2019; Gilbert, Mineka, Zinbarg, Craske, & Adam, 20K8HPA axis allows us to maintain
daily function under changing environmental circumstan@ésrman et al., 2016)he
productof the HPA system is cortisol, which plays a role in the maintenance of homeostasis
and the fine balanced regulation of stress. Changew®itisol levels outside of homeostatic
basal secretion are triggered by stressors in the environment. The axis is regulated through

negative feedback, whereby hippocampal structures exert inhibitory influences on the axis,
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while the amygdala typically playan axisactivating role(Herman et al., 2016 HPA activity
is an imporaint mediator between stressful life experiences and mental health outcomes
(Renoir, Hasebe, & Gray, 2018)us it may help to explain why some indvals who
experience negative emotions (e.g. stress) go on to engage in compulsive behaviour.

Notably, alterations in HPA axis regulation constitute a risk factor for problematic
alcohol use, whereby cortisol interacts with the brains rewards systemsotmote
Ff O2K2f Qa NBAY T2 NDA yedmirgBtephadsi&aWahdyR1ax y ONB | & S
comparison to healthy controlsbnormalities irHPA axis activity and cortisol production
have also been fouhin patients with OCD and binge eating disor(Morgado, Freitas,
Bessa, Sousa, & Cerqueira, 2013; Rosenberg et al.,, 20ppprting the role of HPA axis

activity in compulsive behaviour.

5.2.1. Characterisation of HRaAxis activity

Althoughthere are severalbiomarkers, such as the corticotropreleasing or
adrenocorticotropic hormones, which can provide indication BfAHaxis activity, cortisol is
most widely used in health psychology literature as it can be measured without undue
inconvenience or risk to participants and does not require specialised medical personnel
(Nicolson, 2008)HPA activity, and therefore cortisol secretibasa pronounced circadian
rhythm (Hucklebridge, Hussain, Evans, & Clow, 20D8@re areseveralapproaches to
characterising individual differences in patterns of cortisol secretion. However, assessment
across multiple levels is often not feasible in research studies, due to costs, time burden and
the intrusive nature of some procedures. The maip@aches for determining cortisol
levels include measuring basal cortisol production, diurnal pattern of cortisol secretion,
cortisol reactivity in response to acute stressors and the cortisol awakening response (CAR).
Although all approaches are valid veayp assess HPA axis activity, the CAR is associated

with the lowest participant and researcher burd@dicolson, 2008)Other approaches
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involve multiple ollection times across a Zdour period or require increasing participant
stress.The CAR is the primary biomarker used in the current thesisthus will be the

focus of subsequent discussion.

5.2.2.Measurement of he Cortisol Awakening Response

Corisol awakening response (CAR)e CAR ihe steep rise (~5060%) in cortisol
during the first 3Q; 40 minutes of awakening, returning to baseline after@®5 minutes
and continuing thereafte(Nicolson, 2008)Measurement of the CAGhly requiresa brief
period (~ 60 minutes) of saliva sampling in the morning, making is a widely used measure of
HPA function in health psychology literatukdowever, despite its wide use, there is
considerable inconsistency within ttigerature over how CAR shouliee measured. This is
particularly problematic as the validity of the CAR critically relies on appropriate
measurement proceduresn favour of succinctness and clarity, the thesis publicat®ndy
Two;Chapter 7) which utilised CAR data did not congagietaileddescription of the CAR
measurement protocol. As sugbertinent decisions relating téhe protocol that could not
be detailed in the publication will be discussed here.

Urinary, blood or salivary cortiséhile the CAR can be measured througimary or
blood collection, it is most commonly measured through saliva sampling. Although blood
and urinary cortisol are typically found in higher concentrations and the quality of the
sample is less vulnerable to extraneous fac{@d-arhan, Rees, & Evans, 2Q1sgliva
sampling is preferred due to feasibility. Saliva sampling is advantageous as it reduces
participant burden and invasiveness, with ease of collection largely contributing to its
popularity in research. Moreover, there is generally high agreement ( > .90) between
salivary and blood plasma concentrations, further supporting the use of salivary cortisol
(Kirschbaum & Hellhammer, 2007Mhe ease of collection was an important consideration

the currentthesis As we were collecting data acrassveraldifferent modalities, we sought
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to reduce participant and researcher burden where possible, without significantly
diminishing the quality of the research. Therefore, given its good agreement with urinary
and blood cortisol, and reduced burden of collentisalivary cortisol was used to
characterise the CAR.

Assessment of the cortisol awakening respohs@016, expert consensus guidelines
were published describing gold standard procedures for the assessment of th&SGadRr
et al., 2016) The guidelines outline several important considerations related to the control
of the sampling accuracy; participant instructions; influence of covariamassgssment of
the CAR; and data reporting and interpretatidiese guidelines informed CAR assessment
protocol in the current thesis. Key decisions made based on the guidelines are outlined
below.

The guidelines recommend at least three time points wite first hour of awakening
should be collected, suggesting sampling at 0 min (i.e. on awakening), 30 min and 45 min.
Many studies use only two time points, likely due to feasibility and cost limitations.
However, leading researchers in the field argu@ a minimum of three time points (e.g. 0
min, 30 min and 45 min) should be collected to allow sufficient characterisation of the curve
(Clow, Thorn, Evans, & Hucklebridge, 2004; Angela Clow, Hucklebridge, Stalder, Evans, &
Thorn, 2010; P. EvanSmyth, Thorn, Hucklebridge, & Clow, 201®addition the CAR
should be measured on multiple days to account for day to day variability between samples.
While up to six consecutive days is ideal, thigcognised as impractical and a minimum of
two daysisrecommended.

Studies have shown that people are generally adherent to the sampling prdtaitiol
Golden et al., 2014; Thorn, Hucklebridge, Evans, & Clow, 2006¢ver, researchers advise
the use of quality control measures such as sleep actigraphy equipimeonfirmthat the

G gl 1 Ay 3 dvaséolledtdadiat$he actual wake tim@talder et al., 2016Errors in
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sampling times can have signifitampacts on the validity of the CAR. For instance, if the
Gol TAYy3Ié &AL YLES 6n YAYO A& RStF&@SRI (G4KS /! w
incorrect characterisation of the curve and its peak.

Although ideal, such equipment is expensive and wadeadible in the current
research, due to costs and already high participant burden. Alternatively, researchers can
check the quality of datat the analysis stage. If the concentration of cortisol is greater at
time 0 min when compaitto times 30 or 45 nm, then this is an indication that there was a
delay in wake time collection. While a higher 0 time point may be expected in severe clinical
populations(Stalder et al., 2016}t is not typically seen in commuribased samples as
used in the current research.

Finally, the guidelines provide considerations for CAR data reporting and interpretation.
This includes reporting the cortisobncentration of the first sample for each of the groups
and a measure of dynamic cortisol increase, such as the mean increase in cortisol from
awakening. In a more recent publication since the guidelines, another method for analysing
CAR was identifiedeferred toas the CAR salience sc@Evans et al., 2019This was
shown to perform significantly better than traditional CAR calculations (e.g. area under the
curve (AUCI) or mean increase (Mninc) from awakening) at revealing morékeait
individual differenceg¢Evans et al., 201@nd was the measure of dynamic increasiised
in the current thesis.

5.2.3.Thecortisol awakening responsi experiential avoidance and compulsivity

One prominent theoryaboutthe function of the CAR is that it may be an anticipatory
response, preparing the individuia cope withthe demands of the upcoming délries,
Dettenborn, & Kirschbaum, 2009; Powell & Schlotz, 20125 theory is borout of
research showing a heightened response in relation to stesrh influences such as a

stressful workday compared to a weekend (Kdiimecht et al 2004). Research directly
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on distress, whereby CAR increases are associated with reduced distress responses to daily
life stresgPowell & Schlotz, 2012J his suggests that CaRvationislinked to better
ability to cope with stress. This is an important finding in the context of EA@amgulsivity.
As has been discussed in previous chapters, when considering compulsive behétiour
the frameworkof EA ,compulsivitycan be conceptualised as a poor coping strategy for
distress. Given that a higher CAR is linked to better copingdigtiess, one may anticipate
that individuals who are experientially avoidant and compulsivieavean attenuated CAR.
Althoughthe above implies that a greater CAR protective factor for coping with

stress, other research findings have identified a heightened CAR as a biomarker of negative
mental health outcomes. For instance, feelings of threat, sadness and lack of control have
been show to predict a larger CAR ttollowing dayAdam, Hawkley, Kudielka, & Cacioppo,
2006) Moreover, in a metanalysis of more than 140 studies, CAR was found to be
heightenedamong people reporting worry or preoccupation with their work and generally
elevatedin thoseexperiening chronic stress and wortiverload(Chida & Steptoe, 2009Df
note, when there is a reduction in life stressors, this is accompanied by a decrease in the
CAR, demonstrating a relationship between changes in stress and the magnitude of the CAR
(Andrew Steptoe, Brydon, & KuiEbrecht 2005) Therefore, a increased CA&opearso
reflectthe body prepaingto activelycope withstress(Powell & Schlotz, 2012)

Research investigating the CAR in disorders of compulsivity has elicited mixed
findings. For instance, women with binge eating disorder have #is@mtly elevated CAR
in comparison to healthy womefMonteleone et al., 2016 However, in a community
based sample, the CAR was negatively associated with-betgey behaiours and
disinhibition(Therrien et al., 2008kuggesting an increased capacity to disinhibit could be

the result of increased HPA activity. This firgdis broadly consistent with the anticipation

50

w



theory of the CAR, which suggeathigher CAR linked to better ability to cope dap-day.
Problem gamblers also exhibit an elevated CAR, howeveistiig related to individual
differences in disinhibitin (Wohl, Matheson, Young, & Anisman, 20d8ading authors to
concludean elevated CAR secondary to gambling problems or distress related to gambling
problems.Therelationship between compulsivignd the CARs complex and seems to
function differentially depending on disorder severity (i.e. community sameisusclinical
sample). In nd-moderatesymptoms severitpopulatiors, it is possible an elevated CAR
serves a protective role, encouraging greater-sefftrol. While in severe population

groups, CAR may be more indicative of pathological distedated behaviours.

5.3. Amygdalafunction

As outlined inChapter 2, severalbrain regions have been implicated in explaining
compulsive behaviour, including various region€8T@nd limbic circuitry. Here, the
amygdala was raised as an area of interest within the context of its role in negative
reinforcement and stress. As the current thesisaaceptualisingompulsive behaviouas
an expression aéxperientially avoidant behawur and disrupted affective processinge
amygdaldas an important brain region for further investigation, given its known role in
affectgeneration and regulation.

The amygdala is a subcortical, bilateral structure, located within the medial temporal
lobe (AbuHasan & Siddiqui, 202 receives drerse inputs and outputs from various
cortical and subcortical regions of the brawhichunderlie many affectelated processes
For instance, bottomup connections between the amygdala and regions such as the insula,
striatum and visual cortex guidetahtion and perception of emotional stimuli in the
environment(Lindquist, Wager, Kober, Bls®reau, & Barrett, 2012)Theamygdala
generallyplays a modulatory role in bottorrup processes, directing attention and flagging

the salience of emotional stimuylLindquist et al., 2012l opdown systems, which include
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connections between the amygdala with regions in the frontal cortex, parietal cortex, ACC
and hippocampus, are thouglo be involved in the regulation of emotion and-appraisal
of emotional stimul(Ochsner et al., 2009Here, topdown cortical and subcortical systems
exert modulatory control over the amygdala.

Interactions among largscale braimetworks and the amygdala engender many of
the psychological and cognitive processes involveffectiveprocessingJacobs et al.,
2016; Jenkins et al., 2017; Uchida et al., 20A5ecent metaanalytic revew identified five
networks thought to interact with the amygdala affectiveprocessingRiedel et al., 2018)
These comprised two networks associated with visual and auditory perception, and three
linked to higherorder functions including attention for emotionally salient stimuli, internal
representations of past emotional stimuli, and emotional stimulus ealnaand response
generation. Higheorder functions were associated with wéthown largescale networks
including the salience network, default mode network (DMN) and limbic network
respectively. Therefore, while the amygdala plays a crucial r@#eotive processingit is
important to move beyond investigating the amygdala as a single region, towards
investigations aimeat understandng how brain networks interact with the amygdatia

produceaffectdriven behaviour.

5.3.1. Measurement oamygdalafunction

Functionalmagnetic resonance imaging (fMRit)idiesare used to understand how
brain regions interact with each other and within a network. These can either bebtesdd
fMRI (i.e. measure brain activity while performing a specific cognitivetifion) or resting
state-fMRI investigations (i.e. measure activity while the brain is at rest)-Gaséd studies,
which tend to be more widely used, allow researchers to measure brain regions that are
active during specific behaviours and thus elucidagefunction of various networks and

connections. For example, greater functional connectivity between the amygdala and PFC is
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observed during exposure to unpredictable thréata computerbased paradigniGold,
Morey, & McCarthy, 2015)eading to the interpretation thahmygdalaPFC connectivity is
important to help maintain performance when experiencing anxiety induced by threat.
Although taskbased fMRI studies provide valuable insights into the function of various
network connections, they are limited in that they fag on one behaviour as measured by a
specific cognitive task and the reabrld applicability of tasks is at times questionable.
Restingstate investigations are advantageous as they provide insight into experience
dependent(i.e.realworld rather than task-based)functional and structural organisation of
the brain, allowing for identification of wider network dysregulation and abnormalities in
pathological behaviour. Researchers suggest te#C reflects the underlying synaptic
efficiencies (or metabdatiexpenditure) in cortical network&(erraCarrillo, Mackey, &
Bunge, 2014)For example,raygdala r4=C to other regions throughout the brain tends to
be decreased in depressigRamasubbu et al., 2014¢nding weight to neurobiological
modes of depression and suggesting that emotion regulation difficullidepressiorcan
be (in part) attributed to a dysregulated brain circuitry.

5.3.2. Amygdala function in experidial avoidance and compulsivity

Despite the likely relevance of amygdala function in compulsiaitgl potential for
rs-FCassessmento provideinsightinto underlying amygdala netwofkinctionin this
population very few investigations have explored amygdal&@sin the context of
compulsive behavioutn the following sectionswill briefly summaizethe current
understanding of amygdala function within the context of compulsive behavidhesfocus
will be on restingstate investigations, as this will directly inform tberrentthesis research
studies However, where necessary the discussion will draw upon findings frorbtesid

investigations to illustrate network function.
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Amygdala function in OCDraditionalneurobiological models of OCD attribute
symptom presentation to underlying dysfunction@8T@ops(for review see Hazari,
Narayanaswamy, & Venkatasubranmn, 2019) however recent evidence also implicates
other networks, such as limbic networks and the amyg@¢iaet al., 2014) Abnormalities
in limbic network activityikely underlieaffectregulation difficulties observed in OCD
(Gattlich, Kramer, Kordon, Hohagen, & Zurowski, 20fhdudingperformance of
compulsions in response to feelings of uncertainty andioxiety.

Restingstate investigationsave found evidencef amygdala network dysregulation
in OCD. Decreased functional connectivity between the amygdala and prefrontal regions at
rest suggests reduced efficiency of communication betwaeasinvolvedin adaptive
emotional learningFullana et al., 2017%imilarly, reduced +8C between the amygdala and
the basal ganglia network (inclusive of the dorsal and ventral striatum) and the
executive/attention network (inclusive of frontparietal regions) are thought to contribute
to OCDcognitive deficitsn emotional learning, processing and expectation, as well as
processing of rewards and punishme(@ottlich et al., 2014)Of note, structural changes in
the amygdala have also been observed in subclinical obsessmpulsive graps,
suggesting amygdala neuronal changes may constitute a risk factor for obsessive
compulsive behavioyrather than simply being a consequence of psychopatho{&gypota
et al., 2019)

Amygdala function isubstance addiction&arly work exploring the neurocircuitry
of addictive behaviour has implicated the amygdala @sdlunctional connections
throughout the brain(Koob & Volkow, 2010ppecifically the amygdala plays a key role in
the negative affect/withdrawal stage of addiction and is thought to be a neueakerfor
addiction driven by stress and negative affective stékesob & Le Moal, 20083Ithougha

range of different substances lend themselves to addiction, here the discussion will
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primarily focus on alcohol use problems, as this is the substeglaged behaviour that
informs the research investigatios the current thesisAlcohol was chosen as the
substance of focubecausat is the most widely used substanesrldwide (Degenhardt et
al., 2018)

Reduced amygdala connectivity to frontal regions, such as the OFC, have been
shown to predict alcohol usievo years later in adolescents, suggesting that decreased
amygdalafrontal connectivity at rest may bias individuals towards more-taging
behavious later on(Peters, Peper, Van Duijvenvoorde, Braams, & Crone, 28iilar
findingsare also observed in adults, whereby therelézreased r$-C connectivity between
the amygdala and cognitive control regidittu et al., 2018 By comparisonamygdala
connectivity to striathreward regiongsincreased in alcohol use disordghu, Cortes,
Mathur, Tomasi, & Momenan, 201, possibly reflectindnyperactivitybetweensystems
implicated inaffectivemotivation and reinforcement relevant to addictive behaviour.

Amygdala function in behavioural addiction&ry few studies have investigated
amygdala functionatonnectivity (both at rest and during task) in behavioural addiction
However, there is good rationale to support its rolatldlogical overeatingdentifies
oovereating to relieve aegativeemotional stat€ as one of thekey driving processes
(Moore, Sabino, Koob, & Cottone, 207 1378. This is supported by research showing
negative affect tends to increase and positive affect decrease prior to a binge eating episode
(Wonderlich et al., 2018Perbrming a behaviour to relieve an emotional state is thought to
emerge from dysfunction within the amygddldoore et al., 2017)Moreover,evidence has
shown that theamygdala is hyperactivated in response to pleasant tasting foodh eten
someone is not hungrfSun et al., 2015ndactivates in response to higtalorie foods in

food addiction(Pursey, ContreraRodriguez, Collins, Stanwell, & Burro@2@19) Thus, his
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suggess greateramygdalarelated motivational sensitivity to palatable foodsay
contribute to compulsive eating behaviours

Individualswho gamble demonstratercreasedengagement of amygdalstriatal
networks when making choicebout whether to quite or continue chasing losses
(Worhunsky, Potenza, & Rogers, 2Qiijlicatingaffectiveand rewardbased systems of
the brain are influencing decisis about gambling continuation rather than higheder
cognitive control regiondncreased amygdala connectivity with other regions involved in
emotional salience and generation, such as the insula, have also been observed in
pathological gamblingContrerasRodriguez et al., 201,68uggestinghe brain mayhyper
sensitive towardsffectiveresponses

Amygdala function in experiential avoidan€ly two studies have explicitly
investigatedbrain functionassociated with EAJsinga small pilot sample of 16 healthy
adults, one study mapped approach and avoidance respothse@isga monetary gains
compute task to increased fronttimbic-striatal network activation (inclusive of
medial/superior frontal regions, anterior cingulate, amygdala and hippocaimpuseased
EA (seleport) was found to be associated with decreased activation within this network,
suggesting EA is linked to poorer communication (or connectivity) between key regions
responsible for modulating approach/avoidance behavigchlundMagee, & Hudgins,
2011) This may reflectiecreased cortical control over limbic regions in EA and thus an
imbalance between habitual/automatic responding over reflective/cognitive control
responding.

The same research team attempted to extend upon this finding using another small
sample (17 heghy adults), investigating the relationship between EA and activation within
emotionrelated brain regions during a sustained threat avoidance {&sklund, Hudgins,

Magee, & Dymond, 2013Interestingly, results showed EA was linked to decreased
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activation within limbic regions.é. amygdala, insula, substantia nigwad bed nucleus of
the stria terminalis complexduring initial threat exposure on the task, although not over
sustained threat exposure. This finding seems somewhat counterintuitive, as one would
expect increased limbic activation in response to threaEA. Authors interpreted the
findings as individuals with increased EA being less threatened by monetary loss (as
compared to unwanted emotions) @xtensive histories of avoidance based coping creating
some resilience to threat/ lower threat sensitivilthough this preliminary evidence is
promising and suggests a relationship between EA and limbic activation, the available work
is limited, both in terms of the number of studies and sample sizes.

Overall there isemergingevidence to indicatelisrupted amygdala connectivity with
higherorder control and sulzortical rewardbased areas of the brain contributes to
behaviour presentation in compulsivitiReduced braidbased capacity for affect regulation
and heightened affective responses likely leadan@verreliance on accessible and acutely
effective behaviours (e.g. eating, drinking, gambling, cleaning etc.) to manage emotions.
As was outlined in earlier chaptedisruptions to CSTC neurocircuits and their related
processes can explain a portiontbé variance in compulsive behaviour, suggesting there
are intermediate phenotypes (also referred to as endophenotyfies)can explain
symptom variation across multiple compulsive behaviours and likely a fraction of the
commonly observed comorbidities. Based on the emerging evidence into amygdala function
in compulsivity, it is also likely there are phenotypes of compulsitawieurthat can be
explained by amygdala neurocircuitry and its related processes. However, at this stage, such
conclusions are largely speculative given the limited studies conducted and the absence of

any transdiagnostic investigations exploring amygdaFC in compulsivity.
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Given the mountingevidence demonstrating that diagnostic categorisot
capturethe underlyingneurobiologyof mental illnesgChamberlain, Stochl, Redden, &
Grant, 2018; Chamberlain et al., 2019; Fontenelle, Oostermeijer, Harrison, Pantelis, & Ycel,
2011; Hermens et al., 2019; Parkes et al., 2019; Tiego, Oostermeijer, et al.,,2019b)
researchers ardeing encouraged to explore empiricabpsed approaches for feassifying
psychopathology, grounded in findings from neuroscief@ethbert & Insel, 2013 he
current thesis sought to reclassify heterogeneous compulsaleavious, incorporating
multiple levels of analysis (i.e. EA, strasience learning asymmetries, CAR and amygdala
rs-FC). Datalriven clusteringffers a promising empirical approatdr discovering
GKARRSYé¢ UGUNIYyYyaRAF3Iy2aldAO0 LIKSy2(GeLISa ol aSR
machine learning algorithms to idafit patterns within data in the absence of group labels
(e.g. disorder groupsT.his approach has already demonstrated promise in other areas of
psychopathology, identifying common neurobiological profiles in previously heterogeneous
conditions including gychosigClementz et al., 2016inood-related disordergGrisanzio et
al., 2018; Tokuda et al., 28Jland panic disorder@Pattyn et al., 2015)

For example, Clementz & colleagues (2016) utilised a broad range of cognitive indicators

2y
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cognitive control and sensorimotdunction. Biotype one showed severe defgin both

levels of function, biotype two exhibited deficits only on cognitive control, and biotype

three demonstrated the least impairment. Biotypes mapped onto brain neuroanatomy, with
biotype one exhibiting the most widespread gray matter reductionstighout the brain,

while biotype two had similar reductions albeit less pronounced and biotype three exhibited
the most modest reductions that were relatively localised to limbic brain redieigsire

5.4.1) Comparatively, DSM diagnostic categories gchizophreniaversusschizoaffective
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disorder) were statistically indistinguishable in brain structure, suggesting the biotypes were
superior to DSM categories at capturing neurobiological distinctiveness. Importantly,
biotypes spanned across conventiod&égnoses, thus lending support to a transdiagnostic
conceptualization of psychosis symptoms. Alongside offering a novel way to reclassify
mental disorders (one that is based in research science) and providing insight into how
distinct functional systemsiteract in psychopathology, this approach also generates new
considerations for guiding research interventions and outcomes. For instance, based on the
biotype profiles authors suggested biotype three could inform explorations of psychosis risk,
while treaments for biotype one should be directed to compromised cognitive control and

correcting sensorimotor disruptions.

Biotype 2 Biotype 3

Figure 5.4.1Gray matter differences in biotypes one, two and three. Biotype one

exhibiting the most widespread gray matter reductiobmtype two had similar reductions
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albeit less pronounced and biotype three exhibited the most modest reductions that were

relatively localised to limbic brain regions. Figure adapted f(Glementz et al., 2016)

More recently,Grisanzio & colleagues (2018)plied a similar approach to explore
transdiagnostic affeetelated symptoms across multiple levels of function. Participants
either had a primary diagnosis of major depiiess panic disorder, podtaumatic stress
disorder or no disorder (healthy controls). From this, researchers identified six distinct
subtypes that were clinically relevant and differentially expressed on measures of cognitive
control, working memory, elémencephalography (EEG) brain activation at rest and during
Fy SY2GA2y It LINIYRAIYZ a20AFLf FdzyOdA2yAy3d Iy

I NRPdzal £ ¢ adomiellS gFra RAAGAYIdZAAaKSR o6& LJ22N R

ax

cognitive impairment, wh f § G KS a3SySNIf | yEASG&é¢ &dzie LS
emotion-elicited brain activation, mildly reduced working memory and intact daily function.

These subtypes also existed across diagnostic labels, thus lending support to a

transdiagnostic coreptualization of mood symptoms.

This work demonstrates multidimensional indicators related to affect can be used to
identify hidden phenotypes. However, unlike work@ementz & colleagues (2016), this
investigation did not evaluate the neurobiologicalidity of phenotypes using brain imaging
measuresThereis often considerable variability associated with cognitive and biological
data. Therefore, when datdriven clustering is applied to this data, it may yield phenotypes
that are unrelated to psychiac pathology and instead reflect nuisance variance associated
with the data(Dinga et al., 20190n way to overcome this limitation is &ssess the
neurobiological validy of the phenotypes, by examining for meaningful braased
differences between phenotypes, as was done by Clementz & colleagues @if).Two

(Chapter 7pf the current thesis utilises a similar dadaven approach to reclassify
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heterogenous compulsive behaviours and asss®e neurobiological validity of
discovered phenotypegsingamygdalabased restingstate fMRI Identifying novel and
biologically meaningful phenotypes has the potential to inspire new and specific thebries o

compulsivity that could be further investigated.
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CHAPTERIX

6. Study OneThe role of Experiential Avoidance in Transdiagnostic Compulsive

Behaviour: A Structural Model Analysis

6.1. Introductory comments

¢CKAAa OKILIISNI LINSaASyGa I NBaSIHNOK | NIAOfS
AY ¢NIYYaRAFIAYy242GA0 [/ 2YLdzt aABS . SKI @A 2dzNY !
accepted for publication by the Journal of Addictive Behavilings study focusskon
transdiagnostic compulsive behaviswrithin the community and determiningshether
there wasassociation between compulsivity and EA.

A novel methodvas utilised to assess compulsive behaviour, whemibgnostically
acceptedbehaviourgelated to OCLi.e. cleaning, checking for harm and achieving
symmetry) alcohol addiction and gambling addiction, as well as emerging concepts of
eating and shopping addictiomere assessed using adapted versions of the -Batevn
ObsessiveCompulsive scal@.hesebehaviourswere chosen to encompas®th common
OCD and addictionrelated behaviours For the addiction relatelehaviours we sought to
includea spread of subtypes (i.e. substanbehaviouraland nondiagnosticbehavioura).
Although other prevalenbehavourssuch as internet/ gaming/ social networking could be
conceptualized as compulsibehaviours the exact nature and status of internetlated
behaviourss not yet cleafloannidis et al., 201&nd there may be subtypes embedded
within the problematic internet use continuuiTiego, Lochner, et al., 2019)herefore we
selected domains where the nature of thehaviourwas well defined and werstood. This
is the firsttime compulsivity has been assesaeing adapted BOCSThis approaciks

advantageous as #llows for a broad range d@ehaviourgso be captured on the same
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measurement scalgroviding an overall indication of compulstt®ughtsandbehavioural
patternsirrespective of the type dbehaviour

The nature of the relationship between compulsivity d#was empirically tested
using a sophisticated statistical technique calledi@ural Equation Modelling (SEM).
Structural equation modelling (SEM) is a multivariate statistical analysis method which
allows one to investigate complex path models with latent (i.e. underlying factors, not
directly observed) and indicator (i.e. siaglariables, observed) variables. Using this
approach, we attempd to delineate the processes through with EA and distress influence

transdiagnostic compulsiveehaviout
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ARTICLE INFO ABSTRACT

Keywords: Compulsivity is recognized as a transdiagnostic phenotype, underlying a variety of addictive and ob-
Addiction sessive—compulsive behaviors. However, current understanding of how it should be operationalized and the
Obsessive-compulsive disorder processes contributing to its development and maintenance is limited. The present study investigated if there
Gambling

was a relationship between the affective process Experiential Avoidance (EA), an unwillingness to tolerate ne-
gative internal experiences, and the frequency and severity of transdiagnostic compulsive behaviors. A large
sample of adults (N = 469) completed online questionnaires measuring EA, psychological distress and the
severity of seven obsessive—compulsive and addiction-related behaviors. Using structural equation modelling,
results indicated a one-factor model of compulsivity was superior to the two-factor model (addictive- vs OCD-
related behaviors). The effect of EA on compulsivity was fully mediated by psychological distress, which in turn
had a strong direct effect on compulsivity. This suggests distress is a key mechanism in explaining why people
with high EA are more prone to compulsive behaviors. The final model explained 41% of the variance in
compulsivity, underscoring the importance of these constructs as likely risk and maintenance factors for com-
pulsive behavior. Implications for designing effective psychological interventions for compulsivity are discussed.

Compulsive buying
Binge-eating
Experiential Avoidance

1. Introduction

Maladaptive behaviors, such as problem gambling, binge-eating and
compulsive shopping, share considerable phenotypic and neurobiolo-
gical overlap with substance addiction, and thus have been argued to
represent ‘behavioral addictions’ (Gordon, Ariel-Donges, Bauman, &
Merlo, 2018; Mann, Fauth-Biihler, Higuchi, Potenza, & Saunders, 2016;
Trotzke, Brand, & Starcke, 2017). Researchers also liken aspects of
obsessive—compulsive disorder (OCD) to a behavioral addiction, given
the similarities between the compulsive characteristics of OCD and the
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cognitive and behavioral characteristics of addiction (Grassi & Pallanti,
2017). For example, obsessive-compulsive behaviors may be driven by
a need for immediate gratification, despite future consequences, as
opposed to risk aversion (Grassi et al., 2015). Importantly, substance
addiction, behavioral addictions and OCD share overlapping patho-
genic mechanisms across multiple levels of analysis including phe-
nomenology, symptom, cognitive and neurobiological (Figee et al.,
2016; Fontenelle, Oostermeijer, Harrison, Pantelis, & Yiicel, 2011),
suggesting they may reflect different manifestations of common
etiology.
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Research has recently shifted focus from categorical to a dimen-
sional understanding of psychopathology, whereby symptoms vary
along a spectrum of severity extending into the non-clinical range and
may reflect the expression of underlying dimensional phenotypes
(Kotov et al., 2017; Krueger & Deyoung, 2016). The phenotype of
‘Compulsivity’ is relevant for understanding and treating OCD and ad-
dictions (Fineberg, Menchon, Zohar, & Veltman, 2016). It is defined by
repetitive, habitual and functionally impairing behaviors that are dif-
ficult to control (Figee et al., 2016; Robbins, Gillan, Smith, de Wit, &
Ersche, 2012; Voon et al., 2015) and are often preceded by a feeling
that they have to be performed (Luigjes et al., 2019). Compulsivity also
exists outside psychiatric diagnoses with problematic behavior evident
at subclinical and community-based levels (Chamberlain, Stochl,
Redden, & Grant, 2018; Chamberlain et al., 2019). Our recent work has
shown that compulsivity is a dimensional phenotype, measurable in
both general and clinical populations, and that transdiagnostic mea-
sures of compulsivity better explain individual variance at both
symptom and neurobiological levels compared to traditional diagnostic
labels of OCD and addiction (Parkes et al., 2019; Tiego et al., 2019).
Although compulsivity is gaining considerable research interest, our
current understanding of how it should be operationalized, and the
underlying mechanisms contributing to its development and main-
tenance, remains limited. Understanding the nature of these processes
is essential in identifying markers for pathological behavior
(Venkatasubramanian & Keshavan, 2016) and for the development of
more effective transdiagnostic interventions for chronic illnesses such
as addiction (Borsboom et al., 2016).

1.1. Experiential Avoidance as motivator for compulsive behavior

One potentially potent psychological motivator of compulsive be-
haviors which has not yet been investigated is Experiential Avoidance
(EA). EA is an affect-related regulatory process, whereby individuals
are unwilling to remain in contact with negative internal experiences
(i.e. thoughts, emotions) and are motivated to alter or avoid these ex-
periences (Hayes, Wilson, Gifford, Follette, & Strosahl, 1996). Long-
itudinal studies show that EA exacerbates distress and promotes poor
coping strategies (Kelly et al., 2019; Spinhoven, Drost, de Rooij, van
Hemert, & Penninx, 2014; Spinhoven, van Hemert, & Penninx, 2017).
There is good reasoning to suggest EA is relevant for understanding
compulsive behaviors. Individuals who are experientially avoidant seek
short-term relief from negative emotions (e.g. anxiety, stress), and be-
haviors which are vulnerable to excess (e.g. checking, alcohol-use,
gambling, shopping, eating) provide effective strategies to achieve this
relief. Whilst adaptive in the short-term, this process tends to be ma-
ladaptive long-term and is generally associated with lower quality of
life and worse psychological well-being (Hayes et al., 2004).

Surprisingly few studies have investigated the relationship between
EA and compulsive behaviors and available findings have elicited
mixed results. Higher levels of EA have been linked to increased
symptom severity in OCD (Wetterneck, Steinberg, & Hart, 2014), pro-
blematic alcohol use (Dvorak, Arens, Kuvaas, Williams, & Kilwein,
2013), compulsive buying (Williams, 2012), emotional eating (Litwin,
Goldbacher, Cardaciotto, & Gambrel, 2017) and problem gambling
(Riley, 2014). However, other research has found that EA does not
significantly explain symptom presentation (Abramowitz, Lackey, &
Wheaton, 2009; Manos et al., 2010). Variability in the conceptualiza-
tion and measurement of EA has likely contributed to inconsistencies in
findings.

Research generally conceptualizes EA as an avoidance strategy (i.e.
state-based), and has found it mediates the relationship between risk
factors (i.e. trauma and tendency for negative affect) and problem be-
havior (e.g. drug use, binge-eating, aggression; Kingston, Clarke, &
Remington, 2010). More recently however, EA has been viewed as a
trait-like characteristic (Kirk, Meyer, Whisman, Deacon, & Arch, 2019),
represented by an unwillingness to tolerate negative emotions which in
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turn influences avoidant behavior across a variety of contexts that elicit
distress. This perspective is reflected in newer measures of EA, which
now assess it as a trait-like function (Gamez et al., 2013; Gamez,
Chmielewski, Kotov, Ruggero, & Watson, 2011). Due to the variability
in available literature, the role of EA and its relationship with com-
pulsive behavior remains conceptually and statistically unclear. More-
over, very few studies have investigated compulsive behaviors using
updated measures of EA (Dvorak et al., 2013; Litwin et al., 2017) and
no research has explored this relationship transdiagnostically, across
multiple compulsive behaviors at a time.

1.2. The present study

The present study utilized large-scale online recruitment, an ap-
proach now widely adopted in psychological research (Gillan & Daw,
2016), as it allows recruitment of more demographically diverse sam-
ples. Importantly, as majority of individuals with obsessive-compulsive
and addiction-related behaviors are not in clinical care (Lipari, Hedden,
& Hughes, 2013; Subramaniam, Abdin, Vaingankar, & Chong, 2012;
Suurvali, Hodgins, Toneatto, & Cunningham, 2008; Torres et al., 2007)
or are exhibiting problematic behavior at a subclinical level (Grabe
et al., 2000; Rehm et al., 2017; Weinstock, April, & Kallmi, 2017), there
is a necessity to investigate ‘general population’ samples. Examining
vulnerable or at-risk groups who engage in compulsive behaviours has
significant implications for early intervention and the need to advance
our understanding of subclinical or undiagnosed OCD- and addiction-
related behaviours in the community is paramount.

Using structural equation modelling, the present study first sought
to test if a range of addictive behaviors (i.e. checking for harm, sym-
metry, contamination, gambling, eating, shopping and consuming al-
cohol) were better conceptualized under the model of compulsivity as
opposed to traditional diagnostic categories. Within an online com-
munity sample, we examined individuals’ level of compulsivity across
multiple behaviors, to provide an overall, cumulative profile of com-
pulsive behavior, expecting that if an individual had a tendency toward
compulsivity this would manifest across a number of behaviors.

This study was also designed to understand affective processes that
may contribute to the development and maintenance of compulsivity,
and thus addictive behavior. Specifically, we sought to delineate the
pathways through which EA may relate to transdiagnostic compulsive
behavior. Consistent with the view that EA is a trait-like characteristic,
we hypothesized that EA would positively predict compulsive beha-
viors. Moreover, we anticipated that this relationship would be medi-
ated by psychological distress, as the presence of distress is likely to
explain why individuals who are experientially avoidant engage in
compulsive behaviors. As EA tends to paradoxically increase the fre-
quency and severity of negative emotions (Rochefort, Baldwin, &
Chmielewski, 2018; Sahdra, Ciarrochi, Parker, & Scrucca, 2016), it was
thought that EA would predict increased distress. Finally, as EA itself
could plausibly function as mediator or moderator, alternative models
were assessed to evaluate which best explained the relationship be-
tween EA and compulsive behaviors.

2. Methods
2.1. Participants

492 participants were recruited through the Amazon Mechanical
Turk (AMT) online community, aged between 18 and 50 years and with
self-reported English proficiency. Participants were reimbursed $8
(USD). All experiments were performed in accordance with relevant
guidelines and regulations of Monash University Human Research
Ethics (Approval Number 8239).
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2.2. Procedure

AMT is an online crowdsourcing platform used to collect ‘big data’.
It is empirically tested and validated for conducting research
(Buhrmester, Kwang, & Gosling, 2011) and has been endorsed specifi-
cally for dimensional psychiatry (Gillan & Daw, 2016). Restricting re-
cruitment to users with > 95% approval rating yields high quality data
for research (Peer, Vosgerau, & Acquisti, 2014). Data quality is further
enhanced through validity questions and post-hoc removal of in-
dividuals who completed jobs within implausible timeframes. The
current study took approximately 60 min to complete.

2.3. Measures

2.3.1. Demographic information

Participants were asked to provide basic demographic information
including relationship status, employment and income, education and
any current or past mental health diagnoses.

2.3.2. Assessment of compulsive behaviors

Compulsive behavior was assessed in domains of gambling, eating,
checking for harm, symmetry, contamination, shopping and consuming
alcohol. These were chosen to encompass common OCD- and addiction-
related behaviors. For OCD-related behaviors, checking for harm in-
cluded repeatedly performing activities to prevent and check harm
hasn’t occurred, symmetry included re-doing activities until things felt
‘just right’ and contamination included washing and cleaning to prevent
contamination. For addiction behaviors, we included one related to
substances (i.e. alcohol), two well-established behavioral (i.e. gambling
and binge-eating) and an emerging non-diagnostic behavior (i.e.
shopping). Adapted versions of the Yale-Brown Obsessive Compulsive
Scale (Y-BOCS; Goodman, 1989) were tailored to measure transdiag-
nostic compulsivity in each of the domains (detailed in Supplement).
The Y-BOCS has previously been adapted to measure addiction beha-
viors (Fedoroff, Sobell, Agrawal, Sobell, & Gavin, 1999; Jardin, Larowe,
Hall, & Malcolm, 2011; Yee, Serrano, Kando, & McElroy, 2019). This
resulted in seven, 10-item scales. Each scale yields an aggregated index
of overall obsessional and compulsive behavior related to each domain
and a cut-off score of =8 has previously been considered the threshold
for mild compulsivity (Goodman, 1989). The total score used in this
analysis integrates complex composite features (thoughts and behaviors)
of compulsivity (Kim, Grant, Potenza, Blanco, & Hollander, 2009;
Modell, Glaser, Mountz, Schmaltz, & Cyr, 1992; Yee et al., 2019) in
which to investigate the natural organization of associated affective
processes. Participants could endorse multiple compulsive behaviors. In
order to capture participants overall compulsive profile, we summated
the total scores for each domain specific Y-BOCS.

2.3.3. Assessment of Experiential Avoidance (EA)

EA was evaluated by the Multidimensional Experiential Avoidance
Questionnaire 30-item (MEAQ-30; Sahdra et al., 2016). While the Ac-
ceptance and Action Questionnaire (Bond et al., 2011) is the most
widely known measure of EA, it has recently come under scrutiny for
being more akin to a measure of negative emotionality than EA
(Tyndall et al., 2019; Wolgast, 2014). The MEAQ assesses six dimen-
sions of avoidance including: behavioral avoidance (a = 0.85), distress
aversion (a = 0.81), distraction and suppression (a = 0.84), repres-
sion/denial (o = 0.85), procrastination (a = 0.89), and distress en-
durance (o = 0.86). It also yields an aggregated index of total ex-
perientially avoidant behavior (o = 0.86).

2.3.4. Assessment of psychological distress

Anxiety was evaluated by the State-Trait Anxiety Inventory Y2
(STAI-Y2), a 20-item self-report scale (a = 0.96) that examines trait
(dispositional) anxiety. Participants respond on a scale ranging from 1
(almost never) to 4 (almost always). Scores range from 20 to 80, with
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higher scores indicative of increased anxiety.

The Perceived Stress Scale (PSS; Cohen, Kamarck, & Mermelstein,
1994) was used to evaluate the degree to which participants appraise
situations in their life as stressful over the past month. It is a 10-item
scale (o = 0.86), to which participants respond 0 (never) to 4 (very
often). Scores range from 0 to 49 and higher scores indicate greater
perceived stress.

2.4. Data analysis

Structural equation modelling (SEM) uses a combination of in-
dicators (single variables, observed) and latent variables (underlying
factors, not directly observed). SEM allows one to model multiple de-
pendence relationships simultaneously, whilst also controlling for Type
I error and measurement error. The latent variables in the model were
EA, Compulsivity and Psychological Distress. Indicator variables were
subscale scores on the MEAQ-30 and adapted Y-BOCS, and total scores
on the STAI-Y2 and PSS.

2.4.1. Model cross-validation

A cross-validation strategy was used whereby the final model was
tested and replicated in two subsamples, drawn from the same popu-
lation. The sample was randomly split into two groups, calibration
(n = 236) and validation (n = 233) subsamples, for cross-validation of
the models using invariance testing, which tests for statistical equiva-
lence of the model parameters across groups (Vandenberg & Lance,
2000).

2.4.2. Parameter reduction for measurement models

To conserve free parameters while also retaining the multi-
dimensional nature of the measures (i.e. MEAQ-30 and Y-BOCS), we
used the bifactor model-based index of reliability Omega (w; Rodriguez,
Reise, & Haviland, 2016) to reduce multiple indicators constructs to
single indicator latent variables (Hayduk & Littvay, 2012). Summated
MEAQ subscale and Y-BOCS domain specific scores were used as single
indicators for latent variables EA and compulsivity respectively. This
simplifies the measurement part of the model while still capturing the
variance in each of the subscale scores attributable to the variance as-
sociated with the latent variable. Refer to Rodriguez et al. (2016) for
Omega equations.

2.4.3. Measurement models

To reduce model complexity and potential misspecification errors, a
jigsaw piece modelling strategy was used to estimate the measurement
model for each component prior to combining them in the final struc-
tural regression model (Bollen, 2000). All models were tested against
the null model (i.e. no association between indicator and latent vari-
ables). A two-factor model of compulsivity (i.e. latent variables being
OCD-like behaviors and addiction-like behaviors) was also examined
and compared against the one-factor model.

2.4.4. Model fit

Statistical analyses were undertaken using IBM SPSS 20.0, MPlus
and AMOS 20.0 maximum likelihood estimation (MLE). There are
currently no accepted criteria for examining model badness-of-fit using
approximate fit indices (Barrett, 2007). Therefore, a combination of
widely used indices were used to guide model fit decisions and are
summarized in Supplementary Table S1.

3. Results
3.1. Data cleaning and preliminary analysis
Data cleaning procedures are described in Supplement.

Demographic and descriptive statistics are presented in Tables 1 and 2
(Y-BOCS) and Supplementary Table S3 (MEAQ, PSS and STAI-Y2).
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Table 1
Demographics of the Study Sample.
Number 469
Gender (% female) 43.7%
Age
Mean (SD) 30.8 (4.9)
Range 19-48 years
Current relationship or married 56.5%
Current employment or study
=35 h per week 67.8%
< 35 h per week 14.9%
Studying 25.2%
Unemployed 13.0%
Income (USD)
$0-$19,999 40.9%
$20,000-$59,000 49.9%
$60,000-$79,000 6.0%
$80,000 or more 3.2%
Highest education
High school 13.9%
Some university (no degree) 26.0%
University with degree 60.1%
Current mental health diagnosis 17.7%
Anxiety disorder 10.4%
Depression 9.4%
OCD 0.9%
Substance-use disorder 1.0%
PTSD 1.5%
Past history of mental health diagnosis 26.9%

Correlations between indicator variables in the structural model were
all significant, with coefficients ranging from 0.25 to 0.81; p < .01
(Supplementary Table S4).

3.2. Measurement models of EA and compulsivity

Domain specific Y-BOCS scores loaded significantly onto a single
‘Compulsivity’ factor. Similarly, all six-subscale scores of the MEAQ-30
formed a single ‘EA’ factor (Supplementary Fig. 1). Both models de-
monstrated acceptable fit. Factors loadings (i.e. measurement weights)
were not statistically different between the groups (i.e. calibration and
validation) for the Compulsivity measurement model (Ay*(6) = 10.23,
p = .115), although were different for the EA measurement model
(Ax3(5) = 13.91, p = .016). The measurement model for Psychological
Distress was assessed for tau-equivalence and found to congeneric,
supporting construct validity (Hair, Black, Babin, Anderson, & Tatham,
2014).

We also examined a two-factor (i.e. latent variables being OCD-like

Table 2
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behaviors and addiction-like behaviors) model for compulsivity.
Consistent with the transdiagnostic model of compulsivity, a one factor
solution (Prp;c(H;|D) = 0.79) was found to be a moderately better fit
than the two-factor model (Prpc(H;D) = 0.21; ABIC = 2.71;
BF = 3.92; Supplementary Table S5). It was also a significantly better
fit than the null model, which assumes no relationship between vari-
ables (Ax23(5) = 253.39, p < .001), further supporting a transdiag-
nostic conceptualization rather than diagnostically distinct behaviors.
Coefficient omega was used to determine the error variance which was
applied to each of the single indicator latent variables in the final model
(Y-BOCS; w = 0.71, error variance = 120.49; MEAQ-30; w = 0.82,
error variance = 59.68).

3.3. Mediation model: Does EA significantly and positively predict
compulsivity and is this effect mediated by psychological distress?

A saturated model was specified with EA, Compulsivity, and
Psychological Distress factors allowed to freely correlate,
(x3(1) = 0.42, p = .52; RMSEA = 0.00 [90%CI = 0.000, 0.149];
CFI = 0.999; SRMR = 0.005). Compulsivity was regressed onto EA and
this path was statistically significant (f = 0.46, [95%CI = 0.36, 0.88],
p = .016) explaining 21% of the variance. Compulsivity was then re-
gressed onto Psychological Distress and Psychological Distress was re-
gressed onto EA. The regression coefficient of Compulsivity on EA was
no longer significant (y = 0.10, [95%CI = —0.09, 0.25], p = .33) once
Compulsivity was regressed onto Psychological Distress, indicating that
the relationship between EA and Compulsivity was fully mediated by
Psychological Distress (Fig. 1). The final model explained 41% of the
variance in Compulsivity and 40% of the variance in Psychological
Distress. Indirect effects and unstandardized coefficients are presented
in Table 3.

In addition, we tested the alternative model (Psychological
Distress — EA — Compulsivity), but found the path between EA and
Compulsivity was not significant (p = 0.10, [95%CI = —0.09, 0.25],
p = .33). The path between EA and Compulsivity was also non-sig-
nificant in the latent variable moderation model (Supplementary Fig. 2;
B = 0.011, [95%CI = —0.002, 0.025], SE = 0.007, p = .119). As-
sessment of competing models provided moderate evidence in favor of
the meditation model (Prg;c(H;|D) = 0.78; Fig. 1) over the moderation
model (Prpic(H;|D) = 0.22; ABIC = 2.50; BF = 3.49).

3.4. Cross-validation of the mediation model in the second sub-sample

The structural model (Fig. 1) was replicated using the “validation”
sample data. The parameters in the model were not statistically

Compulsive Behaviors of the Study Sample as Measured by Adapted Versions of the Y-BOCS for Each Behavioral Domain.

Calibration sample

Validation sample

Mean (SD) % in elevated range Range Mean (SD) % in elevated range Range
Gambling 1.5(3.3) 5.9% 0-15 1.7 (3.8) 9.9% 0-16
Eating 2.7 (6.0) 17.8% 0-22 2.7 (6.2) 15% 0-24
Checking 1.8 (4.6) 11.4% 0-19 2.8 (5.9) 16.7% 0-22
Symmetry 4.4 (6.1) 26.3% 0-26 5.6 (7.0) 31.3% 0-29
Contamination 2.1 (5.2) 12.3% 0-21 2.3 (5.5 12.9% 0-21
Shopping 1.3 (4.0) 8.5% 0-17 1.4 (4.2) 8.6% 0-18
Alcohol 2.6 (4.1) 12.7% 0-18 3.0 (4.9) 13.7% 0-21
No. of behaviors 0.95 (1.35) - - 1.08 (1.44) - -
No behaviors - 55.5% - - 48.1% -
One behavior - 19.1% - - 24.9% -
Two behaviors - 12.7% - - 13.7% -
Three behaviors - 6.4% - - 7.7% -
Four or more - 8.0% - - 7.7% -

Note. Cut-off score for determining elevated levels of symptoms is derived from a score =8 on the Y-BOCS. For everyday behaviors (e.g. eating, shopping, con-
tamination), participants endorsed excessive engagement in behavior. Maximum number of behaviors endorsed by any individual was six. Y-BOCS = Yale-Brown
Obsessive-Compulsive Scale; SD = Standard Deviation. Min/Max Y-BOCS score for each domain = 0/40. N = 469.
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Fig. 1. Mediation model using calibration sample
data. Psychological distress fully mediates the re-
lationship between EA and Compulsivity. Note.
Ellipses represent latent variables. Experiential
Avoidance and Compulsivity are single-indicator la-
tent variables, with loadings from the indicator fixed

YBOCS

Single-headed arrows represent regression paths.

] to reflect reliability based on coefficient omega.
Small circles represent error variances (i.e. variance

Experi;h

Avoidance

Psychological
Distress

unexplained by the model parameters). The para-
meter estimates displayed in the model are fully
standardized and 95% CI represented in square
brackets. Unstandardized estimates are presented in
Table 3. **p < .01, *p < .05.n = 236.

PSS

)

[ STAI-Y2

Table 3
Regression Coefficients for Direct and Indirect Paths in the Mediation Model
Based on the Calibration Sample.

Unstandardized coefficients Standardized
coefficients
b Std. 95% CI* v/B Sig.
error
Direct effects EA — PD 0.47 0.04 0.38, 0.55 0.64 0.01
PD — Comp. 0.80 0.14 0.58, 1.12 0.57 0.009
EA — Comp. 0.10 0.10 -0.08,0.29 0.10 0.33
Indirect effect EA — Comp. 0.38 0.08 0.26, 0.58 0.37 0.004

Note. b = unstandardized regression coefficient; CI = Confidence Interval; y/
B = standardized regression coefficient from exogenous or endogenous latent
variables. EA = experiential avoidance, PD = psychological distress,
Comp. = compulsivity. ! Bias corrected confidence intervals are reported for
indirect effects. n = 236.

different between the groups on the factor loadings for Psychological
Distress (i.e. measurement weights), regression weights (i.e. structural
weights) and structural variances/covariances (Supplementary Table
S6). However, as the factor loadings were statistically different in the
measurement model for EA (sz(S) = 1391, p = .016, between
samples), the model was deemed to be partially invariant at the level of
the measurement weights. In the validation sample, the model and
explained 28% of the variance in Compulsivity and 34% of the variance
in Psychological Distress (x*(1) = 0.20, p = .653; RMSEA = 0.00
[90%CI = 0.000, 0.134]; CFI = 0.999; SRMR = 0.005). Regression
coefficients can be found in Supplementary Table S7.

4. Discussion

Addictive behaviors constitute a huge burden for individuals, their
families and society. Psychiatric research is seeking to re-define the way
these behaviors are conceptualized in order to gain a better under-
standing of the mechanisms underlying their development and main-
tenance. The current findings add to the growing evidence in support of
Compulsivity as a phenotype underlying a variety of addictive behaviors
characterized by intrusive thoughts, repetitive actions and functional
impairment. Consistent with rates observed in our previous work (Tiego
et al., 2019), we found that compulsivity was highly prevalent within
the general community, with ~50% of our sample demonstrating ele-
vated compulsive behavior in at least one domain (i.e. checking for
harm, symmetry, contamination, gambling, eating, shopping and con-
suming alcohol). Moreover, ~30% of participants were elevated in two
or more domains, suggesting that compulsivity is expressed across
multiple behaviors for some individuals and emphasizing the im-
portance of integrated treatment approaches that can address more
than one problem behavior (Kelly & Daley, 2013).

There is currently no consensus in the research literature whether
the compulsivity construct is comparable across OCD and addictive
behaviors (Luigjes et al., 2019) and it remains highly debated whether
some behaviors, such as binge-eating, should be conceptualized within
models of addiction (Davis, 2017; Gordon et al., 2018). We found that a
one-factor model of compulsivity was superior to the two-factor model
(i.e. addictive and OCD-related behaviors). That is, individual differ-
ences were better explained by a single latent phenotype that subsumed
compulsive symptoms across OCD and addiction-related dimensions,
rather than two unrelated latent factors based on traditional categorical
distinctions between symptom domains. Although low levels of
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variance can make these factors more difficult to distinguish, this shows
that compulsivity is a core feature of both OCD and addiction, and that
it may be a specific risk factor for a variety of pathological behaviors
(Chamberlain et al., 2019). The broader implication of this finding is
that addiction and OCD-related problems co-occur due to common
underlying phenotypes (i.e. compulsivity) and shared etiology, rather
than reflecting current diagnostic categories (Chamberlain et al., 2018;
Parkes et al., 2019; Tiego et al., 2019). This could help to inform more
effective and individualized transdiagnostic treatment targets
(Fontenelle et al., 2011; Robbins et al., 2012).

The second main aim of the study was to further understanding of
the affective processes that may drive compulsive behavior, and thus
addiction. In particular, we focused on the connection between EA and
compulsive behavior. Several competing models were evaluated and
results favored the model in which psychological distress served as a
mediator between EA and compulsive behavior. In this model, EA was
significantly and positively related to compulsive behaviors and psy-
chological distress. Psychological distress was also significantly related
to increased compulsive behaviors. These findings are consistent with
previous findings in OCD and addiction research showing positive as-
sociations between behavior severity, EA and distress (Kingston et al.,
2010; Litwin et al., 2017; Riley, 2014; Wetterneck et al., 2014).

Results showed that psychological distress fully mediated the re-
lationship between EA and compulsive behavior, with the final model
explaining 41% of the variance in compulsive behaviors and 40% of the
variance in psychological distress. Thus, the extent to which EA is re-
lated to compulsive behavior is attributed to the presence of psycho-
logical distress and is consistent with the view that EA is a trait-like
characteristic that influences behavior in the context of distress (Kirk
et al., 2019). While this illustrates a link between poor emotion reg-
ulation capacity and the exacerbation of compulsive behavior, a notable
portion of variance (~60%) remains unexplained by this model. Al-
ternative models of compulsivity, including neurocognitive models of
increased habit leaning (Gillan, Robbins, Sahakian, van den Heuvel, &
van Wingen, 2015), should be considered in future research.

Although this study was cross-sectional in design, and thus unable
to determine the direction of causation, results suggest individuals high
on EA paradoxically experience greater levels of distress. While
avoidance of emotions can help individuals to down-regulate initial
discomfort, it tends to result in an overall increase in the severity and
frequency of distress (Bardeen, 2015). A greater experience of distress
and negative emotionality are well-established risk and maintenance
factors both for OCD- and addiction-related behaviors (Adams et al.,
2018; Hing, Russell, & Browne, 2017; Sinha & Jastreboff, 2013; Voltas
Moreso, Hernandez-Martinez, Arija Val, & Canals Sans, 2013). Com-
pulsive behaviors may be used as a form of “self-medication” to alter or
avoid negative internal experiences, which is consistent with negative
reinforcement perspectives on OCD (Abramovitch & McKay, 2016) and
addiction (Koob, 2015). Alternatively, given the known role of stress in
promoting habitual behavior (Schwabe & Wolf, 2009), the current
findings could be seen as reflecting the ability of stress to turn trait-
driven behavioral tendencies, which may have been initially supported
through negative reinforcement, into habitual, compulsive behaviors.

Findings highlight that EA is a potential treatment target for com-
pulsive individuals. Despite being considered more trait-like, emerging
intervention evidence has shown that EA is a modifiable treatment
target (Pots, Meulenbeek, Veehof, Klungers, & Bohlmeijer, 2014;
Quinlan, Deane, & Crowe, 2018). Therefore, integrating training in-
terventions which help individuals accept and tolerate negative internal
experiences hold promise as a treatment avenue for transdiagnostic
compulsivity. For example, Exposure and Response Prevention trains
individuals to tolerate anxiety and resist compulsions. It is widely used
in OCD, however there is also emerging support for its effectiveness in
other compulsive behaviors including gambling (Jimenez-Murcia et al.,
2012), alcohol use (Lee, Kwon, Choi, & Yang, 2007) and video game
playing (Kuczmierczyk, Walley, & Calhoun, 2010).

Addictive Behaviors 108 (2020) 106464

Finally, some limitations of this study should be acknowledged.
First, the study utilized an online community-based sample, meaning it
did not capture severe levels of compulsive behavior and a large portion
of the sample (60%) had a university degree, which is much higher than
the general population (~33%; United States Census Bureau, 2016).
The transdiagnostic nature of compulsivity exhibited in this population
may manifest differently in clinical samples, for example in treatment-
seeking individuals. Nonetheless, such an approach did allow us to
capture a broad range of behaviors, and provided insight into the levels
of compulsive behavior occurring within the general-community. The
second limitation is the use of a cross-sectional, correlational design
which allows for cautious interpretation of results, as other alternative
models could be possible (MacCallum & Austin, 2000). Cross-sectional
research does not allow for inferences regarding the direction of asso-
ciations between variables and thus longitudinal studies are necessary
to facilitate causal evaluations (Tomarken & Waller, 2005).

5. Conclusions

The current findings highlight the prevalence of transdiagnostic
compulsive behaviors within the general community, and suggest there
are individuals who exhibit a profile of compulsivity across multiple
behaviors. Our findings also contribute to the existing literature on
affective processes associated with addictive behaviors, and provide an
empirical framework for understanding the mechanisms through which
EA and distress can promote transdiagnostic compulsivity. This has
implications for designing psychological interventions for compulsive
behavior, such as integrated treatment approaches that target more
than one behavior and help individuals cope effectively with distress.
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