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(Clinical Trials ID: NCT03067636). This is an 8-week longitudinal follow-up exercise and 

stress management intervention for individuals with transdiagnostic compulsive behaviours. 

The trials chief investigators included my supervisors Prof. Murat Yucel and Dr. Rebecca 

Segrave. At the time of commencing my dissertation, Conquering Compulsions had an 

established set of study aims and objectives, as outlined in their ethics approved study 

protocol (Monash University Human Research Ethics Project ID: 0437). In collaboration with 

my supervisors, I developed a thesis topic and unique set of aims that complemented the 

larger study. I incorporated pre-existing study measures and introduced additional 

measures specific to the current thesis aims. To meet these unique aims, further data 

collection was also required outside of what was being collected as part of the trial. This 

additional protocol was also approved by Monash University Human Research Ethics 

(Approval Number 8239).  

 

Although this dissertation utilises cross-sectional data from the trial, obtained from the 

baseline assessment prior to any intervention, I was heavily involved in the trial itself and 

responsible for key elements related to trial design, implementation, data collection and 

analysis. With respect to the measures utilised in the current thesis, I was responsible for 
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measure selection, protocol design, data collection, analysis and interpretation. This 

included protocol design associated with the collection and analysis of biological samples. 

My supervisors provided guidance throughout this process and other members of the 

research team assisted with data collection. My supervisor Dr. Chao Suo provided 

considerable assistance with regards to the magnetic resonance imaging, completing the 

pre-processing and providing advice relating to analysis. I prepared each manuscript under 

the guidance of my supervisors, receiving additional input from other collaborators.  

 

Lƴ ƭƛƴŜ ǿƛǘƘ ǘƘŜ aƻƴŀǎƘ ¦ƴƛǾŜǊǎƛǘȅ ƎǳƛŘŜƭƛƴŜǎΣ ŎƘŀǇǘŜǊǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ ŀ ΨǘƘŜǎƛǎ ōȅ 

pǳōƭƛŎŀǘƛƻƴΩ ŦƻǊƳŀǘΣ ƛƴ ǿƘƛŎƘ ǇŀǊǘǎ ƻŦ ǘƘŜ chapters have been written as manuscripts and 

submitted for publication. As such, there is some repetition of information across chapters.  

 

The thesis starts with an overview of the thesis structure (Chapter 1), followed by a detailed 

review of the literature that informed the research investigations (Chapters 2 ς 5). Chapters 

6 and 7 contain two prepared manuscripts which address the main aims of the thesis. 

wŜƎŀǊŘƛƴƎ ǇǳōƭƛŎŀǘƛƻƴ ǎǘŀǘǳǎΣ /ƘŀǇǘŜǊ с ŜƴǘƛǘƭŜŘ ά¢ƘŜ ǊƻƭŜ ƻŦ 9ȄǇŜǊƛŜƴǘƛŀƭ !ǾƻƛŘŀƴŎŜ ƛƴ 

¢ǊŀƴǎŘƛŀƎƴƻǎǘƛŎ /ƻƳǇǳƭǎƛǾŜ .ŜƘŀǾƛƻǊΥ ! {ǘǊǳŎǘǳǊŀƭ aƻŘŜƭ !ƴŀƭȅǎƛǎέ Ƙŀǎ ōŜŜƴ ŀŎŎŜǇǘŜŘ ŦƻǊ 

publication with the Journal of Addictive Behaviors (published in May 2020). Chapter 7, 

ŜƴǘƛǘƭŜŘ ά¢ǊŀƴǎŘƛŀƎƴƻǎǘƛŎ tƘŜƴƻǘȅǇŜǎ ƻŦ /ƻƳǇǳƭǎƛǾŜ .ŜƘŀǾƛƻǊ ŀƴŘ !ǎǎƻŎƛŀǘƛƻƴǎ ǿƛǘƘ 

tǎȅŎƘƻƭƻƎƛŎŀƭΣ /ƻƎƴƛǘƛǾŜ ŀƴŘ bŜǳǊƻōƛƻƭƻƎƛŎŀƭ !ŦŦŜŎǘƛǾŜ tǊƻŎŜǎǎƛƴƎέ was submitted to the 

Journal of Translational Psychiatry on 2nd June 2020 and remains under review. Finally, 

Chapter 8 summarises the thesis findings and provides a general discussion of the 

contribution of this work. Limitations and future research recommendations are also 

provided.  

 



 XIII 

Abstract 

Traditional classification systems, such as the Diagnostic and Statistics Manual (DSM), 

remain the primary means for classifying psychopathology despite considerable evidence 

showing diagnostic categories are not valid representations of the underlying pathology. For 

this reason, researchers are now 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 a transdiagnostic construct which has received considerable interest in 

recent years. It is defined by rigid, repetitive, and functionally impairing behaviors and is 

thought to underlie multiple disorders, including obsessive-compulsive disorder, substance 

and behavioural addictions. Despite identification of shared psychological, cognitive and 

neurobiological underpinnings, the causes of compulsive behaviour remain poorly 

understood. Compulsive behaviours have traditionally been examined in the context of 

specific diagnostic categories or rely on one or two laboratory measures (e.g. self-report, 

cognitive task, brain imaging) to explain phenotypic variance. This approach is unlikely to 

capture complex psychiatric behaviour, calling for integrated, multidimensional research, 

examining how different combinations of disruptions across multiple measures influence 

behaviour.  

To date, the contribution of affect in compulsive behaviour has been largely overlooked. 

Thus, the overall aim of the thesis was to identify and understand the various affect-related 

processes which may cause or maintain compulsive behaviour. Two research investigations 

were conducted to achieve this aim. The first study investigated if there was a relationship 

between the psychological affective process Experiential Avoidance (EA), an unwillingness 

to tolerate negative internal experiences, and the frequency and severity of transdiagnostic 

compulsive behaviours. A large sample (N = 469) of community-based adults completed 
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online self-report questionnaires measuring EA, psychological distress and the severity of 

seven obsessive-compulsive and addiction-related behaviours. Structural equation 

modelling was used to delineate the relationship between EA and compulsive behaviour.  

The second study drew on a heterogenous sample of adults (N = 45) exhibiting 

compulsive behavioural patterns in alcohol use, eating, cleaning, checking or symmetry. This 

study expanded on study one by integrating additional cognitive and neurobiological 

measures with psychological self-report measures of EA and distress. Study two aimed to 

determine if dysfunction across multiple dimensions (or measures) could explain compulsive 

behaviour and thus, if shared affective processing disruptions might underpin 

transdiagnostic compulsivity. Data-driven statistical modelling of multidimensional markers 

encompassing psychology (i.e. EA and distress), cognition (i.e. valence learning computer 

task) and neurobiology (i.e. cortisol awakening response) were utilized to identify 

homogeneous subtypes that were independent of traditional clinical phenomenology. The 

neurobiological validity of the subtypes was assessed using functional magnetic resonance 

imaging (i.e. amygdala resting-state connectivity).  

The aims of the thesis were achieved. Findings 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 type of compulsive behaviour (i.e. obsessive-compulsive, 

addiction-related) and were instead based on multidimensional markers of affective 

processes. Consideration of subtype profiles offered new insights into how different 

affective systems interact and influence 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 reconceptualization of mental health disorders. 
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CHAPTER ONE 
 

1. Thesis Outline 
 

Obsessive-compulsive disorder (OCD), substance addiction and non-drug related 

behavioural addictions, such as pathological gambling, affect a significant proportion of the 

population, regardless of gender and culture, have an early age of onset with a prolonged 

course and are associated with reduced quality of life and the development of marked 

psychiatric comorbidities. Moreover, majority of individuals with obsessive-compulsive and 

addiction-related behaviours are not in clinical care, with between 60-78% of individuals 

never seeking treatment ς the highest rates of any mental health disorder - or are exhibiting 

problematic behaviour at a subclinical level. Early and chronic trajectories, as well as poor 

treatment outcomes highlight that our current understanding of what causes OCD and 

addictive behaviours is underdeveloped. In order to improve patient outcomes and design 

more effective interventions we must have knowledge of the basic underlying processes 

contributing to disorder presentation. The prevalence of subclinical individuals emphasizes 

the need to understand the processes involved in the early stages of psychopathology, 

where there is opportunity to implement early treatment interventions.  

Although still in its nascent stage, research is beginning to map common psychological, 

cognitive and neurobiological underpinnings of traditionally distinct disorders such as OCD 

and addiction - an essential step forward in developing more effective, personalised 

treatments. The current thesis focusses on Compulsivity, an underlying, intermediate 

phenotype which can explain many rigid, repetitive and functionally impairing behaviours. 

Rather than being conceptualised as categorically distinct, behaviours like addiction, OCD, 

binge-eating and gambling are now being viewed as different manifestations of the same 

compulsivity-related etiological processes. This is exciting as it opens the possibility to 
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generate new understandings of previously enigmatic mental health disorders. However, 

compulsivity is a highly complex and multifaceted construct, and current knowledge of how 

it should be operationalized and the processes contributing to its development and 

maintenance is limited. 

The current thesis, designed to build upon this knowledge, focusses on the relationship 

between transdiagnostic compulsive behaviour and Experiential Avoidance (EA), a poor 

affect regulation strategy driven by a psychological unwillingness to tolerate negative 

affective states. Several frameworks of understanding have been posited to explain 

compulsive behaviour; however, models of EA have received relatively little attention in the 

research literature. This is despite good evidence and reasoning to suggest that compulsive 

behaviour may be the product of maladaptive attempts to avoid uncomfortable affective 

states.  

As such, I sought to determine if transdiagnostic compulsive behaviour could be 

explained in the context of EA and related maladaptive affective processes. The current 

series of studies began by attempting to establish a direct link between EA and compulsive 

behaviour, and thus determine whether compulsive behaviour may be conceptualised as a 

poor attempt to avoid negative affective states. The second study sought to extend on the 

first by identifying cognitive and neurobiological affect processing systems, including EA, 

that may underlie the relationship between maladaptive affective processing and 

compulsive behaviour.  

 

The following studies were conducted to achieve these aims:  

1. A study examining the nature of the relationship between EA and transdiagnostic 

compulsive behaviour, using structural equation modelling.  
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2. A studying identifying if naturally occurring transdiagnostic phenotypes of 

compulsive behaviour existed, using measures of affective processing. This was done 

using data-ŘǊƛǾŜƴ ŎƭǳǎǘŜǊƛƴƎ ǘƻ ŘŜǘŜŎǘ άƘƛŘŘŜƴέ ǎǳōǘȅǇŜǎ ōŀǎŜŘ ƻƴ ŘƛŦŦŜǊŜƴǘ 

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

assessed using functional brain imaging.  

 

The thesis contains three major parts and is presented in the following format:  

The first part is the literature review, which is divided into four chapters (Chapters 2 

- 5) and aims to introduce the reader to the concept of transdiagnostic, multidimensional 

research and how this can be applied to compulsive behaviour (Chapter 2). The clinical 

characteristics of the various disorders that fall under compulsive behaviour are described, 

as well as the current understandings of their psychological, cognitive and neurobiological 

causes (Chapter 3). I then focus on one particular model for understanding compulsive 

behaviour: Experiential Avoidance (Chapter 4). Using Experiential Avoidance as a framework 

for understanding compulsive behaviour, I next discuss the cognitive and affective measures 

tightly linked to processes relevant for compulsivity, that may further current understanding 

of the systems driving compulsive behaviour (Chapter 5).  

The second part (Chapters 6 - 7) contains two research studies that bring insight into 

psychological, cognitive and neurobiological correlates of compulsive behaviour. In the first 

study, I establish a link between Experiential Avoidance, distress and transdiagnostic 

compulsive behaviour. In the second study, several seemingly heterogeneous compulsive 

behaviours are reclassified according to markers of known relevance to affect processing 

and compulsivity. The reclassified subgroups are then validated using resting-state 

functional brain imaging. The first study has been accepted to the Journal of Addictive 

Behaviors, and the second under review at the Journal of Translational Psychiatry 
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(submitted to the journal on 8th June 2020). Both studies are presented in the submission 

format.  

The third 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 

compulsivity are discussed. The results are compared to the existing literature. I end the 

thesis describing the achievements, limitations and potential future work.  
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CHAPTER TWO 

 

2. A transdiagnostic approach to understanding compulsive behaviour 
 

2.1. Traditional approaches to the study of mental health  

The DSM approach to mental health disorders: Worldwide, classification systems are 

used to aid the diagnosis of disorders and diseases. The DSM is one of the most widely used 

diagnostic tools for the classification of mental health disorders (Evans et al., 2013; First et 

al., 2014). In clinical practice, it is used to guide diagnosis and treatment planning. In 

research, it is the standard system used to obtain research grants regarding disorder 

aetiology and conduct treatment 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, 2013). The DSM groups mental health disorders 

into similar categories based on observable behaviours and overt symptoms. These 

categories are determined based on a Task Force consensus vote, therefore relying on 

descriptive psychiatry as opposed to empirically-based research evidence. Moreover, what 

ŎƻƴǎǘƛǘǳǘŜǎ ŀ ΨŘƛǎƻǊŘŜǊΩ ŎƘŀƴƎŜǎ ŜŀŎƘ ǘƛƳŜ ǘƘŜ ¢ŀǎƪ CƻǊŎŜ ƳŜŜǘǎ ǘƻ ǊŜǾƛǎŜ ŀ ƴŜǿ ǾŜǊǎƛƻƴ ƻŦ 

the DSM. This approach is drastically different from all other areas of medicine, which rely 

on objective evidence of disorder, based on findings from research science.  

It is therefore unsurprising that the mental health profession remains plagued by 

high levels of disease burden and poor patient outcomes. In a 2013 publication in BMC 

medicine, Dr. Bruce Cuthbert and Dr. Tom Insel, both 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. This was evidenced by unchanging mortality 

and prevalence rates across all mental illnesses, lack of clinical tests for early detection of 
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pathology, and absence of well-developed preventative interventions (Cuthbert & Insel, 

2013).  

Although the complicated nature of the brain contributes to our underdeveloped 

understanding of mental illness, categorical classification systems like the DSM are now 

recognised as impediments to progress (Lilienfeld et al., 2013). There is excessive co-

morbidity between disorders that are supposedly categorically distinct (Cramer, Waldorp, 

van der Maas, & Borsboom, 2010), marked heterogeneity within diagnoses (Lilienfeld et al., 

2013) and poor capacity for disorder categories to map onto findings from genetics and 

neuroscience (Hyman, 2007). This has contributed to difficulties translating basic research 

findings into clinical practice (Insel, 2013).  

2.2. A new approach to the study of mental health: The RDoC initiative  

Against this backdrop, the NIMH announced the Research Domain Criteria (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 physiology. It considers mental illness 

from a transdiagnostic point of view and rather than base diagnoses on symptoms, it 

conceptualizes mental disorders as disorders of brain circuitry.  

RDoC provides researchers with an explicit rubric to guide research investigations, 

that is dynamic and constantly updated based on new research (Cuthbert, 2014). On the 

vertical axis are five broad domains that correspond to brain-based circuits relevant is 

psychopathology (i.e. negative valence systems, positive valence systems, cognitive systems, 

systems for social processing and arousal/regulatory systems). Within each domain are 

subordinate constructs that are thought to be particularly relevant to each domain (e.g. 

reward learning is a subordinate construct of positive valence systems domain). The 

ƘƻǊƛȊƻƴǘŀƭ ŀȄƛǎ ά¦ƴƛǘǎ ƻŦ !ƴŀƭȅǎƛǎέ ƛŘŜƴǘƛŦƛŜǎ ǘƘŜ ŀǊŜŀǎ ƻŦ ōŀǎƛŎ ǎŎƛŜƴŎŜ ǘƘŀǘ ŎƻǳƭŘ ōŜ used as 
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classes of measurement to investigate the constructs (e.g. cells, circuits, physiology, self-

report, paradigms). The aim is for researchers to adapt and fill cells in the matrix to build a 

cohesive understanding of both mental illness and health, and how to best measure them.  

 In comparison to the DSM, there are several positive changes that come with this 

new approach. Firstly, RDoC adopts a bottom-up approach, starting with basic science (i.e. 

genetics, neurocircuitry, physiology) and working upwards, putting emphasis on 

understanding the fundamental mechanisms that result in differing degrees of dysfunction. 

Secondly, it aims to study the full range of mental functioning, from abnormal to normal. 

This means that individuals with mild or subclinical psychopathology, who do not meet 

diagnostic criteria, will no longer be overlooked in research. Finally, it places equal weight 

on behavioural functions, as well as neural circuits and their cognitive substrates. Thus, 

grounding dysfunction in underlying neurobiology.  

Overall, the RDoC initiative offers a platform for advancing psychiatric research. 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 representation of 

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 initiative, the current thesis will 

apply a transdiagnostic, multidimensional approach to studying compulsive behaviour. 

However, this approach is associated with inherent strengths and weaknesses and it is 

important to take this into consideration. Therefore, before moving on to the focus of 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 is 

that it is difficult to define what is normal and abnormal. The DSM approach came with very 
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clear diagnostic categories and it was relatively simple 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 non-existent to severe (Cuthbert & Insel, 2013). Though most agree with this 

continuous approach (Krueger & Markon, 2006; Markon, Chmielewski, & Miller, 2011), the 

ǎŜŜƳƛƴƎƭȅ ǎƛƳǇƭŜ ǉǳŜǎǘƛƻƴ ƻŦ άǿƘŀǘ ƛǎ ǇǎȅŎƘƻǇŀǘƘƻƭƻƎȅΚέ ōŜŎƻƳŜǎ ŎƻƴǎƛŘŜǊŀōƭȅ ƳƻǊŜ 

challenging as it becomes difficult to identify points along the continuum that signify 

meaningful transitions to more severe behaviour. This can have ramifications for research 

ǿƘŜǊŜ ƛǘ ƛǎ ƴŜŎŜǎǎŀǊȅ ǘƻ ƘŀǾŜ άŎǳǘ-Ǉƻƛƴǘǎέ ǘƻ ŘŜŦƛƴŜ ōŜƘŀǾƛƻǳǊ ƛƴŎƭǳǎƛƻƴ ƻǊ ŜȄŎƭǳǎƛƻƴ ŎǊƛǘŜǊƛŀΦ  

The current thesis faced this challenge when defining what constituted compulsive 

behaviour, as there were no measures available which adequately captured compulsivity 

across a variety of behaviours. To deal with this issue, it is recommended researchers recruit 

participants whose problem behaviour is above a pre-ŘŜŦƛƴŜŘ άǘƛǇǇƛƴƎ Ǉƻƛƴǘέ (Cuthbert & 

Insel, 2013). A tipping point refers to point along a continuum where small incremental 

changes have become significant enough to bypass a threshold and transition into more 

severe pathology or behaviour. This approach is particularly useful when trying to 

demarcate levels of severity of a behaviour along a continuous spectrum, such as mild, 

moderate or severe. However, it is a relatively new approach and until sufficient research 

base is built up, researchers must select reasonable but relatively arbitrary cut-off points.  

Another challenge of transdiagnostic research is that it is difficult to define the 

neurobiological outcome measures that should be used. When testing the utility of an 

intervention, it is generally considered successful if the severity or incidence of a disorder 

was reduced. However, RDoC encourages researchers to move away from using diagnostic 

status as an indicator of psychopathology and shift towards neurobiological constructs that 

are markers of mental illness/health to inform intervention success. For example, higher 
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ventral striatum activity is related to addictive behaviour (Figee et al., 2016), therefore 

reduced ventral striatum activity may be a marker of treatment intervention success. This 

raises an issue, as many neurobiological measures do not have clear thresholds (or tipping 

points) for what marks normal versus abnormal and our understanding of the various 

indicators involved in many mental health disorders is still developing.  

This emphasises the need for multidimensional, cross-sectional research to 

determine if certain measures are related to increased severity of 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 important for measures to 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 (e.g. punishment attentional biases 

contribute to both depression and anxiety; Lichtenstein-Vidne et al., 2016).  

Overall, there is good reason to move away from traditional classification systems, 

such as the DSM, and move towards transdiagnostic approach to understanding mental 

illness. The RDoC initiative is a useful platform to enable this movement, encouraging 

researchers to adopt a multidimensional approach when investigating maladaptive 

behaviours. This will promote a more sophisticated understanding of the psychology, 

cognition and neurobiology behind mental illness, inform best treatment practices and offer 

objective ways to track how a treatment 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 illnesses, 

including obsessive-compulsive disorder (OCD), substance-use disorders, and gambling 

disorder. Compulsive behaviours are defined as repetitive acts characterized by a loss of 
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control and ǘƘŜ ŦŜŜƭƛƴƎ ǘƘŀǘ ƻƴŜ ΨƘŀǎ ǘƻΩ ǇŜǊŦƻǊƳ ǘƘŜƳΣ ŘŜǎǇƛǘŜ ŀƴ ŀǿŀǊŜƴŜǎǎ ǘƘŀǘ ƛǘ 

conflicts with long term goals (Luigjes et al., 2019). They are engaged 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 impairment (Fineberg et al., 2010; Torregrossa, Quinn, 

& Taylor, 2008). Thus, there is a preoccupŀǘƛƻƴ ƻǊ ΨǿŀƴǘƛƴƎΩ ǘƻ ǇŜǊŦƻǊƳ ǘƘŜ ōŜƘŀǾƛƻǳǊ όƛΦŜΦ ǘƻ 

gain reward or find relief), which is in conflict with an awareness that the behaviour is not 

ǿƘŀǘ ƻƴŜ ǿŀƴǘǎ ŘǳŜ ǘƻ ǘƘŜ ǇǊƻōƭŜƳǎ ƛǘ ŎǊŜŀǘŜǎ ƛƴ ƻƴŜΩǎ ƭƛŦŜ (Luigjes et al., 2019).  

Compulsive behaviour is also highly prevalent within the general community, outside 

of DSM-5 defined mental illnesses (American Psychiatric Association., 2013), such as in 

compulsive eating and shopping (Figee et al., 2016; Tiego, Oostermeijer, et al., 2019a). 

Therefore, it is best conceptualised as existing on a continuum alongside normal behaviour, 

whereby normal controlled behavioural engagement sits at one end of the spectrum and 

severe, uncontrolled at the other. For example, everyone regularly eats, but fewer people 

regularly eat to the point of excess, despite not feeling hungry. This means there are likely 

differing degrees of compulsivity (i.e. ranging from low/mild to severe) which occur across a 

wide variety of behaviours (e.g. checking, cleaning, shopping, eating, gambling, alcohol use). 

Clinical populations, such as OCD or addiction, represent the more severe end of this 

spectrum. HƻǿŜǾŜǊΣ ŀǎ ǘƘƛǎ ƛǎ ŀƴ ŜƳŜǊƎƛƴƎ ŀǊŜŀ ƻŦ ǊŜǎŜŀǊŎƘΣ ǘƘŜ άǘƛǇǇƛƴƎ Ǉƻƛƴǘǎέ ǿƘƛŎƘ 

demarcate the transition from benign to maladaptive compulsive behaviour are yet to be 

defined.  

Investigating compulsivity across all levels of the continuum, from non-existent to 

severe, has the potential to identify early risk and perpetuating factors for compulsive 

behaviour, as well as the protective factors which may prevent problematic behaviour. It 

can also generate new insights and strategies to help individuals with sub-clinical 

compulsivity, who may be experiencing reduced quality of life but do not meet diagnostic 
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criteria. To 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 

risk and 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 compulsivity. For these reasons, the research 

investigations in the current thesis focus on transdiagnostic compulsive behaviour within 

non-clinical, community-based samples, in the hope of identifying characteristics associated 

with mild to moderate presentations of behaviour.  

The following sections of this review will discuss compulsive behaviour within the 

context of the DSM-5 mental illnesses it is primarily associated (i.e. OCD, substance 

addiction and behavioural 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 compulsivity: burden of disease and clinical presentation  

2.5.1. Obsessive-Compulsive Disorder 

Burden of disease: OCD is probably the most well-known mental health disorder 

characterised by compulsivity. It is a chronically disabling condition with an estimated 

lifetime prevalence of 2-2.5% among the general population and it equally affects men, 

women and children of all races, ethnicities and socioeconomic backgrounds (Robins et al., 

1984; Ruscio, Stein, Chiu, & Kessler, 2010). The course of OCD is typically lifelong and 

presents considerable burden to the individual and family, with severe impairment in 

function and quality of life (Koran, Thienemann, & Davenport, 1996). Disease 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 co-morbid diagnosis (Rasmussen & Eisen, 2002). 

Treatment of obsessive-compulsive symptoms: When patients are newly diagnosed 

with OCD, the first treatments are typically either cognitive behavioural therapy (CBT), 

pharmacotherapy with serotonin reuptake inhibitors (SRIs) or a combination of both (Koran 

& Simpson, 2013). For those who do not respond to CBT and/or SRIs, alternative treatments 

include other types of psychotherapy, classes of medication other than SRIs, 

neuromodulation and in extreme cases, neurosurgery. It is estimated that only 20% of 

patients experience long-term remission of their symptoms following treatment, while 49% 

continue to experience clinically significant OCD (Bloch et al., 2013). Most adult patients 

with OCD do not experience symptom remission, emphasising the need for a better 

understanding of the underlying cause of disorder and the development of early-

intervention preventative measures for at-risk (sub-subclinical) individuals.  

Compulsivity in OCD: Obsessive-compulsive disorder is characterised by the presence 

of re-current and anxiety-provoking thoughts, images or impulses (obsessions), typically 

followed by repetitive ritualistic behaviours (compulsions) that are executed to relieve 

anxiety. The presentation of obsessions and compulsions can be remarkably heterogeneous 

and evolve over time, but predominantly fall into symptom dimensions of contamination 

obsessions and cleaning compulsions; harm concerns with checking-related compulsions; 

and obsessions regarding symmetry ŀƴŘ ǘƘŜ ƴŜŜŘ ŦƻǊ ǘƘƛƴƎǎ ǘƻ ōŜ άƧǳǎǘ ǊƛƎƘǘέ ǇŀƛǊŜŘ ǿƛǘƘ 

compulsions relating to ordering, arranging, and counting (Murphy, Timpano, Wheaton, 

Greenberg, & Miguel, 2010). These obsessions and compulsions cause significant distress, 

functional impairment and are very time-consuming.  

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 compulsions, 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 a day on thesŜ ǘƘƻǳƎƘǘǎ ƻǊ ōŜƘŀǾƛƻǳǊǎΤ όŎύ ŘƻŜǎƴΩǘ ƎŜǘ ǇƭŜŀǎǳǊŜ 

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 obsessive-compulsive symptoms: Some individuals experience a milder, 

subclinical form of obsessions and compulsions. OCD symptoms are relatively common in 

non-clinical populations, with one epidemiological study estimating 22-26% of people 

experience obsession or compulsions and only 0.6% of these people meet the criteria for 

DSM diagnosis (Stein, Forde, Anderson, & Walker, 1997). Many of these people are 

ŘŜǎƛƎƴŀǘŜŘ ŀǎ άǎǳōŎƭƛƴƛŎŀƭ h/5έ ōŜŎŀǳǎŜ ǘƘŜȅ ǎƘŀǊŜ Ƴŀƴȅ ƻŦ ǘƘŜ ǎŀƳŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ōǳǘ Řƻ 

not meet the threshold for a clinical diagnosis. For example, subclinical individuals may 

endorse obsessions or compulsions and may engage in them for less than one hour a day or 

may not find them distressing. Subclinical symptoms can still cause social impairment, 

decreased life satisfaction and increased consultations to a doctor (Grabe et al., 2000), 

however, very few studies specifically investigating subclinical OCD have been conducted.  

2.5.2. Substance addictions  

Burden of disease: World-wide, one half of the adult population (2 billion people) 

use alcohol and 185 million adults are estimated to have used illicit drugs (Anderson, 2006). 

Many of these people will experience serious physical health, mental health, 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 drug use (WHO, 

2016). Of these individuals, 61 million will engage in binge drinking (men drinking > 5 
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standard alcoholic drinks in one sitting; women > 4 in one sitting), 17 million will develop an 

addiction to alcohol and 21.4 million an addiction to drugs (Mclellan, 2017).  

Treatment of substance addictions: Despite the prevalence of addiction and the 

enormity of its consequences, only 1 in 10 people with an addiction will seek any form of 

treatment and less than half of those that do seek treatment will complete it (The National 

Center on Addiction and Substance Abuse, 2012). Treatments generally involve medications, 

12-step groups, health care practitioners, and inpatient or outpatient rehabilitation (Grant 

et al., 2015). Often, these treatment programs bear little resemblance to the significant 

body of evidence-based practices that have been validated and are often inconsistent with 

scientific understanding (Improving the Quality of Health Care for Mental and Substance-

Use Conditions, 2006). Moreover, substance addiction frequently co-occurs with other 

mental health conditions (Chan, Dennis, & Funk, 2008; Epstein, Barker, Vorburger, & 

Murtha, 2004) and multiple addictive behaviours are often involved (The National Center on 

Addiction and Substance Abuse, 2012). Despite this, conditions are often treated in artificial 

silos of care rather than holistically, meaning people need to seek treatment across multiple 

avenues όaŀǎƻƴΣ ²ƻƭŦΣ hΩwƛƴƴΣ ϧ 9ƴŜΣ нлмтύ. High relapse rates and chronic trajectories are 

attributed to these ineffective treatment interventions όaŎ[ŜƭƭŀƴΣ [ŜǿƛǎΣ hΩ.ǊƛŜƴΣ ϧ YƭŜōŜǊΣ 

2000).  

Compulsivity in substance addiction Drug and alcohol addictions, referred hereafter 

as substance addictions, are characterised by (a) a repetitive drive to seek and consume the 

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). The desire to relieve the negative emotional states 

further drives the compulsion for the substance. Dual-process models of substance 

addiction (for review see McClure and Bickel, 2015) postulate that addiction is maintained 
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by ŀƴ ƛƳōŀƭŀƴŎŜ ōŜǘǿŜŜƴ άǊŜŦƭŜŎǘƛǾŜέ ŎƻƎƴƛǘƛǾŜ ǎȅǎǘŜƳǎ ŀƴŘ άŀŦŦŜŎǘƛǾŜ-ŀǳǘƻƳŀǘƛŎέ ǎȅǎǘŜƳǎ. 

The automatic system is thought to be over-activated by emotional stimuli (i.e. consuming 

substance to relieve negative emotional state) and the reflective system is impaired, leading 

to an inability to adjust maladaptive behaviour despite long-term consequences. Key 

features of substance addiction are phenotypically similar to OCD. Firstly, in both cases 

there is aƴ ǳǊƎŜ ƻǊ ΨǿŀƴǘΩ ǘƻ seek a substance or performing a behaviour. Secondly, there is 

a loss of control in ceasing use or behaviour. The use or behaviour is repetitively and 

inflexibly engaged in, despite causing functional impairment. Finally, negative emotional 

states often precede the use or behaviour, and are relieved to a degree following 

engagement.  

Impulsive versus compulsive substance addiction: Impulsivity refers to a 

predisposition toward rapid, unplanned reactions with diminished regard to the negative 

consequences (Evenden, 1999). Similar to compulsivity, it characterises a number of clinical 

disorders and maladaptive behaviours involving repetitive actions, including substance 

addiction (Dick et al., 2010; Shin, Chung, & Jeon, 2013), pathological gambling (Loxton, 

Nguyen, Casey, & Dawe, 2008; Secades-Villa, Martínez-Loredo, Grande-Gosende, & 

Fernández-Hermida, 2016), overeating and food addiction (Loxton, 2018), pathological 

buying ό5ŜƭƭΩhǎǎƻΣ !ƭƭŜƴΣ !ƭǘŀƳǳǊŀΣ .ǳƻƭƛΣ ϧ IƻƭƭŀƴŘŜǊΣ нллуύ and OCD (Abramovitch & 

McKay, 2016). In substance addiction, 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 use (Koob, 2015; Koob & Le Moal, 2008; Koob & Volkow, 

2010).  

Impulsivity and compulsivity have traditionally been conceptualised as opposing 

ends of a spectrum, ranging from reward-seeking (i.e. impulsivity) to risk-avoidance (i.e. 

compulsivity; Hollander & Benzaquen, 1997). More recently however, they have been 
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conceptualised within a bi-directional model, as two underlying intermediate (i.e. 

transdiagnostic) phenotypes which overlap to produce a third general disinhibition 

phenotype (Chamberlain et al., 2019; Parkes et al., 2019; Tiego, Oostermeijer, et al., 2019). 

Although impulsivity and the bi-directional model are not the focus of the current thesis and 

will not be further discussed, they are important to acknowledge given the inter-relatedness 

with compulsivity, and the role of impulsivity in well-established models of substance 

addiction (Koob, 2015) and in growing models of behavioural addictions (Robbins & Clark, 

2015) and OCD (Abramovitch & McKay, 2016).  

2.5.3. Behavioural addictions  

Alongside substance addictions, is another class of addictions that do not involve 

substances. Instead these are άōŜƘŀǾƛƻǳǊŀƭέ ŀŘŘƛŎǘƛƻƴǎ, syndromes analogous to substance 

addiction where the frequently repeated maladaptive action is a behaviour, as opposed to 

consumption of psychoactive substances. These include the DMS-5 recognised gambling 

disorder (American Psychiatric Association, 2013), as well as other behaviours not yet 

included in the DSM, but receiving widespread research and public interest, including 

ΨƛƴǘŜǊƴŜǘ ŀŘŘƛŎǘƛƻƴΩΣ ΨŎƻƳǇǳƭǎƛǾŜ ŜŀǘƛƴƎΩΣ ΨƎŀƳƛƴƎ ŘƛǎƻǊŘŜǊΩ ŀƴŘ  ΨŎƻƳǇǳƭǎƛǾŜ ǎƘƻǇǇƛƴƎΩ 

(Robbins & Clark, 2015).  

Burden of disease: It is difficult to estimate the collective burden of disease 

associated with each of these disorders, given the sheer number of behaviours that may fall 

under this umbrella. Gambling disorder alone affects 0.2-5.3% of adults worldwide and has 

an early age of onset, with a prevalence of 3-8% in adolescence and as many as 17% of 

youth gambling at least weekly (Petry, Stinson, & Grant, 2005). Compulsive eating, which 

encompasses a spectrum of eating behaviours ranging from passive overeating, binge-

eating disorder and food addiction (Davis, 2013), also poses a significant threat to public 

health. Currently, over half the adult population is considered overweight or obese (World 
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Health Organisation, 2020)Σ ǿƛǘƘ ǊŜǎŜŀǊŎƘŜǊǎ ŎŀƭƭƛƴƎ ƛǘ ŀ Ǝƭƻōŀƭ άƻōŜǎƛǘȅ ǇŀƴŘŜƳƛŎέ 

(Swinburn et al., 2011). Internet addiction has an estimated prevalence of 26.5% (Xin et al., 

2018) and compulsive shopping a lifetime prevalence of 5.8% (Black, 2007). Behavioural 

addictions cause considerable burden of suffering to the affected individuals and their 

families and have a disorder trajectory which can be chronic and relapsing (Grant, Schreiber, 

& Odlaug, 2013). 

Treatment of behavioural addictions: Gambling and binge-eating disorder will be 

used here to illustrate treatment approaches, as they are arguably the most widely studied 

behavioural addictions to date. Medication intervention is a common approach in substance 

addictions, however no medication has received regulatory approval for gambling disorder, 

and only one medication has received approval for the treatment of binge eating disorder 

(US Food and Drug Administration, 2015). Thus, there is a greater reliance on behavioural 

interventions for treatment. For gambling, this includes various combinations of CBT and 

motivational approaches, which tend to elicit moderate to high effect sizes and perform 

better than wait-list controls (Cowlishaw et al., 2012). However, the durability of such 

programs is unclear and high rates of relapse raise concerns over long-term treatment 

efficacy (Hodgins, Currie, El-Guebaly, & Diskin, 2007). In binge-eating disorder, CBT and 

interpersonal therapy are the most strongly supported interventions (Wilson, Wilfley, Agras, 

& Bryson, 2010). Although full recovery following treatment occurs in 64.4% and remission 

to sub-clinical in 80% of binge-eating patients, co-morbidities such as anxiety and substance 

use show tendencies towards relapse (Gregorowski, Seedat, & Jordaan, 2013; Hilbert et al., 

2012), underscoring the need for transdiagnostic approaches to treatment.  

Compulsivity in behavioural addictions: Like OCD and substance addictions, 

behavioural addictions are characterised by repetitive engagement in a certain behaviour; 

diminished control limiting a behaviour despite aversive consequences; and acute feelings 
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of reward or relief from negative emotions when the behaviour is engaged in (Chamberlain 

et al., 2016; el-Guebaly, Mudry, Zohar, Tavares, & Potenza, 2012). For example, in binge 

eating there is a loss of control limiting food intake, which is often preceded by negative 

emotions ŀƴŘκƻǊ ǊŜǿŀǊŘƛƴƎ ōŜƭƛŜŦǎ ŀōƻǳǘ ŦƻƻŘ όŜΦƎΦ άŜŀǘƛƴƎ ƳŀƪŜǎ ƳŜ ŦŜŜƭ ōŜǘǘŜǊέ; Burton & 

Abbott, 2019). Feelings of guilt or shame also typically accompany binge-eating, which 

further exacerbates the desire to keep eating to seek temporary relief from negative 

emotions, despite ongoing health concerns. There are certain behaviours which are prone 

to excess and therefore at greater risk of being used compulsively (Punzi, 2016). Examples 

include behaviours such as shopping, eating, gambling, internet use. Although many 

individuals can engage in these behaviours without cause for concern, for a portion of the 

population there is risk these behaviours may become compulsive (Chamberlain et al., 

2019).  

To sum, compulsivity is a maladaptive behaviour that cuts across diagnostic 

boundaries and underlies several debilitating disorders, including OCD, substance addiction 

and behavioural addictions, as well as being prevalent at sub-clinical levels throughout the 

community. All are characterised by early onsets, chronic trajectories and poor treatment 

outcomes, highlighting the need to develop new understandings of underlying aetiology of 

disorders to inform more efficacious preventative and treatment 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 the need to 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 drivers of transdiagnostic compulsive 

behaviour 

Investigations into the underlying causes of compulsivity have found it to be a highly 

complex and multifaceted construct (Fineberg et al., 2018). There is not one singular factor 

that leads to compulsive behaviour, but rather multitudes of factors (e.g. psychological, 

cognitive, neurobiological factors), in various combinations, that constitute greater risk or 

likelihood of compulsivity (Figee et al., 2015). As will be shown in this chapter, the evidence 

to date has largely focused on cortico-striatal-thalamic-cortical (CSTC) models for 

understanding compulsivity. That is, compulsivity as a product of disrupted CSTC 

neurocircuitry and the cognitive and psychological processes these circuits engender. These 

include cognitive processes such as habit learning, cognitive flexibility and reward 

processing, as well as psychological processes including motivations for reward and 

intolerance of uncertainty. When viewed as a whole, this existing body of CSTC work reveals 

that categorically distinct compulsive behaviours, such as OCD and addictions, can stem 

from the same underlying process disruptions, thus supporting a transdiagnostic 

conceptualisation of compulsive behaviour (Harrison et al., 2013; Jung et al., 2017; Parkes et 

al., 2019).  

However, as this is relatively new area of research, it remains limited in certain ways. 

Firstly, current understanding is mainly based on comparing findings from investigations 

into discrete behaviours (e.g. OCD versus addiction), with very few studies utilising 

transdiagnostic samples. Transdiagnostic samples (i.e. samples that are focussed on more 

than one DSM or ICD diagnostic population) are needed to characterise the heterogeneity 

and overlap of symptoms across diagnostic categories. Secondly, the full spectrum of 

processes that predispose and perpetuate compulsivity is not well understood. Although 
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there is good support for CSTC systems, few studies have explored alternate models. 

Specifically, the role of affect-driven processes and limbic neurocircuitry in compulsive 

behaviour has been largely overlooked and may be important to consider due to its 

potential strength in explaining symptom presentation.   

In the current chapter, I will provide an overview of the psychological, cognitive and 

neurocircuitry evidence demonstrating that compulsive behaviour may stem from 

disruptions to CSTC circuits and processes related to CSTC function. Although a 

comprehensive body of literature exists, in the present chapter I will focus on the most 

central findings to highlight that different compulsive behaviours have common underlying 

causes. Where possible, the discussion will focus on studies using transdiagnostic samples.  

After establishing this evidence base, preliminary support for the role of affective systems 

will then be discussed, highlighting it as a relatively under investigated area in compulsivity 

literature and warranting further investigation.  

3.1. Cortico-striatal-thalamic-cortical dysfunction in compulsive behaviour   

The cortico-striatal-thalamic-cortical circuits play a critical role in compulsive 

behaviour (Harrison et al., 2013; Jung et al., 2017; Parkes et al., 2019) and have historically 

been implicated in a range of behavioural control functions involving motor, cognitive and 

motivational processes (Cummings, 1993). These circuits involve direct and indirect 

pathways projecting from areas of the cortex to subcortical regions, such as the striatum 

and thalamus, and back to the cortex. The striatum refers to a small group of sub-cortical 

structures including the putamen, caudate nucleus and nucleus accumbens (NAC).  

Changes in the net excitation or inhibition of cortical and sub-cortical regions 

contributes to the initiation/continuation and inhibition/switching of behaviours 

(Jahanshahi & Rothwell, 2017). Healthy human behaviour requires flexibility between the 

initiation and inhibition of behaviours and disruptions to these circuits can result in 
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difficulties ceasing maladaptive and habitual behaviours. To illustrate, healthy behaviour 

would be discontinuation of a behaviour once it has served its initial intended purpose (e.g. 

checking the door is locked once) or recognising when it is causing functional impairment 

and stopping (e.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 

automatic habitual behaviours, respond flexibility and control reward-seeking drives, thus 

making it difficult to maintain healthy human behaviours  

3.1.1. Increased habit learning and reduced goal-directed control in compulsive behaviour    

Habits are defined as inflexible, cue-elicited, automatic behaviours performed 

without consideration of consequences (Balleine & Dickinson, 1998; Gillan & Robbins, 2014; 

Ostlund & Balleine, 2008; Vandaele & Janak, 2017). They are considered the opposite of 

goal-directed behaviours which are intentional, thoughtful and sensitive to the value of 

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

as excessive habits which develop at the expense of goal-directed behaviour (Gillan, 

Robbins, Sahakian, van den Heuvel, & van Wingen, 2015). Stronger formation of habits has 

been demonstrated across diverse compulsive disorders. For instance, one study compared 

responses on a reward probability decision-making task in a transdiagnostic sample of 

individuals with binge eating, methamphetamine addiction and OCD, and found a significant 

bias towards more habit-like responding (i.e. responses based on previously rewarding 

stimuli rather than outcome predictions using updated probability information) across all 

the disorders (Voon et al., 2015). Investigations using non-transdiagnostic samples also 

reveal a strong bias toward habit formation is evident in the different disorders. In 

ŎƻƳǇŀǊƛǎƻƴ ǘƻ ŎƻƴǘǊƻƭǎΣ ǇŀǘƛŜƴǘǎ ǿƛǘƘ h/5 ŀǊŜ ƳƻǊŜ ǇǊƻƴŜ ǘƻ άǎƭƛǇǎ ƻŦ ŀŎǘƛƻƴέ ŀƴŘ ƭŜǎs goal-

directed actions on tasks designed to assess behavioural control (Gillan et al., 2011; Gillan & 

Robbins, 2014), suggesting an increased reliance on habitual responding. Patients with 
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alcohol dependence also show imbalances toward habit learning over goal-directed action 

(Sjoerds et al., 2013). Therefore, a cognitive bias towards forming habits may constitute a 

vulnerability or exacerbating factor for compulsive behaviour, as the individual has less 

control over automatic and inflexible responses.  

Imbalances in habitual over goal-directed control of behaviour can be mapped onto 

underlying abnormalities in CSTC connectivity. A recent study investigated the relationship 

between CSTC effective connectivity and the severity of transdiagnostic compulsive 

behaviour (Parkes et al., 2019). In a population of individuals with OCD and gambling 

disorder, researchers showed that CSTC effective connectivity did not differ as a function of 

diagnostic labels but did differ based on symptom severity and compulsivity. Specifically, 

higher symptom severity and compulsivity on self-report measures were associated with 

reduced bottom-up connectivity in the dorsal CSTC circuit, as compared to healthy controls. 

Dorsal CSTC dysfunction contributes to deficits in the goal-directed control over behaviour 

(Gillan et al., 2015), suggesting it may drive the continuation of compulsive behaviour 

despite it conflicting with long-term goals.  

3.1.2. Reduced cognitive flexibility in compulsive behaviour    

Cognitive flexibility is broadly defined as the ability to dynamically adjust behaviour 

to the demands of a changing environment (Dajani & Uddin, 2015). Compulsive behaviours 

are characterised by a diminished ability to stop or divert unwanted ideas or actions, 

suggesting the presence of cognitive inflexibility. Comparing individuals with alcohol 

dependence, pathological video-gaming, binge eating disorder, compulsive sexual behaviour 

and healthy controls, Banca, Harrison and Voon (2016) found evidence of cognitive 

inflexibility across all the different pathologies in the form of impaired reversal learning, 

attentional set-shifting difficulties and perseveration. Similar cognitive profiles have been 

observed in other transdiagnostic studies of alcohol dependence and pathological gambling 



 23 

(Vanes et al., 2014), as well as within OCD, pathological video-gaming and alcohol use 

disorder (Kim et al., 2017). Investigations into individual diagnostic categories further 

support cognitive inflexibility as a core feature in OCD (Menzies et al., 2007), substance use 

(Izquierdo & Jentsch, 2012) and behavioural addictions (Vanes et al., 2014). Although this 

finding may not be universal across compulsive behaviours, with no impairments found in 

compulsive buying disorder (Derbyshire, Chamberlain, Odlaug, Schreiber, & Grant, 2014).  

During reversal-learning tasks, which require high cognitive flexibility, individuals 

with OCD demonstrate defective recruitment of the OFC (a region within the CSTC system; 

Chamberlain et al., 2008; Freyer et al., 2011), as do individuals with substance use problems 

(Izquierdo & Jentsch, 2012). In a study investigating both OCD and substance dependence, it 

was found that compulsive symptom severity directly correlated with reduced OFC 

connectivity in both pathologies (Meunier et al., 2012). Taken together, disruptions in CSTC 

appear to underlie difficulties with cognitive flexibility, which in turn impacts the ability to 

alter behaviour when 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 stress, when other more adaptive behaviours (e.g. exercise, relaxation techniques, 

confiding in a friend) would be more appropriate and helpful.  

A psychological process related to cognitive inflexibility is intolerance of uncertainty, 

which is defined as a general inability to cope with unpredictability of ambiguity. Individuals 

with high intolerance of uncertainty have a lower threshold for doubt. In situations that 

others would accept to be sufficiently certain, people with high intolerance of uncertainty 

may perceive the situation as unclear (Ladouceur, Talbot, & Dugas, 1997) and are more 

likely to interpret ambiguous information as threatening (i.e. uncertainty = danger; Reuman, 

Jacoby, Fabricant, Herring, & Abramowitz, 2015). Although uncertainty itself can be 
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adaptive (e.g. double checking your work to make sure there are no mistakes), this 

construct is differentiated by being a disproportionately a negative reaction to 

unpredictable events that are inevitably a part of everyday life. Thus, intolerance of 

uncertainty can be conceptualised as a form of inflexibility or rigidity (Fergus & Rowatt, 

2014).  

In relation to compulsivity, individuals with OCD often describe how their obsessions 

trigger doubt about something, and how their compulsions function to relieve such doubt 

ŀƴŘ ǊŜǎǘƻǊŜ ΨŎŜǊǘŀƛƴǘȅΩ (Abramowitz, Taylor, & McKay, 2009). There is a consistent, positive 

relationship between self-reported intolerance of uncertainty and OCD symptoms (Holaway, 

Heimberg, & Coles, 2006; Tolin, Abramowitz, Brigidi, & Foa, 2003). Self-reported intolerance 

of uncertainty is also significantly higher in people with binge eating disorders (Bartholdy et 

al., 2017), is associated with increased drive to use alcohol (Oglesby, Albanese, Chavarria, & 

Schmidt, 2015) and is related to increase use of drugs to cope (Doruk et al., 2015). 

Moreover, intolerance of uncertainty has been linked to CSTC dysfunction and greater 

symptom severity in a transdiagnostic compulsive populations (Parkes et al., 2019), 

supporting it as a likely risk and/or maintenance factor for compulsive behaviour. Overall, a 

consistent line of evidence has emerged across multiple levels of function (i.e. psychological, 

cognitive and neurocircuitry) indicating that inflexibility and intolerance are key processes 

which contribute to compulsivity.   

3.1.3. Altered reward processing in compulsive behaviour    

Finally, dysfunction within CSTC circuits involved in reward processing have been 

heavily implicated in both OCD and addiction, whereby there is a tendency to accept smaller 

more immediate rewards over larger delayed ones or long-term goals. In a recent meta-

analysis of 25 studies investigating reward processing, decreased striatal activation during 

reward anticipation in monetary reward tasks was a consistent finding in substance-use and 
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gambling addictions when compared to healthy controls (Luijten, Schellekens, Kühn, 

Machielse, & Sescousse, 2017). This demonstrates a reduced brain activity response to non-

addiction related cues and is typically mirrored by an increased response to addiction cues 

(Robinson & Berridge, 2008). Similarly, in OCD attenuated reward anticipation activity is 

evident in the ventral striatum when compared to controls (Figee et al., 2011) and is 

accompanied by increased striatal responsiveness in response to symptom-specific stimuli 

(Rotge et al., 2008). Therefore, in compulsivity the striatum may become conditioned to 

respond to a certain stimulus (e.g. alcohol, gambling, cleanliness etc.), releasing an acute 

reward/pleasure response and promoting increased salience and further engagement with 

that stimulus.   

Beyond such neuroanatomical evidence, abnormalities in reward processing are also 

observed at the psychological level, whereby compulsive individuals self-report greater 

sensitivity to reward or a stronger drive to seek reward. Impulsivity, a psychological trait 

strongly associated with motivations for reward (Corr, DeYoung, & McNaughton, 2013) and 

linked to CSTC function (Fineberg et al., 2014), is observed across substance and behavioural 

addictions, irrespective of the type of addiction (Zilberman et al., 2018). This supports the 

idea that different compulsive behaviours may stem from common psychological processes 

linked to reward motivation. These findings converge with another study examining 

personality traits in substance use disorder, gambling disorder and bulimia nervosa, which 

found novelty seeking (i.e. a sub-facet of impulsivity and defined as a pursuit of rewarding 

new experiences) to be elevated across all behaviours (del Pino-Gutiérrez et al., 2017).  

Although OCD has traditionally been conceptualised 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 revealed most patients experience 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, Yücel, Dawson, Lorenzetti, & Fontenelle, 

2017).  

The evidence above collectively suggests there are individuals with OCD and addiction 

for whom perpetuation of their compulsive behaviours includes reward motivations. 

Notably, self-reported impulsivity, coupled with intolerance of uncertainty, has been found 

to better account for CSTC disruptions in comparison to traditional diagnostic categories of 

OCD and gambling disorder (Parkes et al., 2019), indicating their superiority in explaining 

brain-behaviour relationships and illustrating how integration of multiple measures  

(as opposed to a single measure) can be a more sensitive method for capturing 

neurobiological variance.  

Overall, there is good emerging evidence for CSTC models in explaining compulsivity. 

Evidence has been found across multiple levels of function, further supporting it as a good 

framework for understanding compulsivity. As has been shown, abnormalities in reward 

processing, cognitive flexibility and habit learning likely predispose one to, or exacerbate, 

compulsive behaviours. Disruptions 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 behaviour and 

further research is necessary to uncover other models of understanding, and thus other 

processes which contribute to compulsivity.  

3.2. Affective processing and limbic dysfunction in compulsive behaviour  

 In comparison to CSTC models of compulsivity, our understanding of the cognitive 

and neural substrates that underlie affect-driven compulsive behaviour is relatively 

underdeveloped, particularly in relation to the role of negative affective states. Despite 

evidence from discrete diagnostic samples indicating that limbic systems may be disrupted 
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in disorders of compulsivity, research is yet to explore affective models and limbic neural 

systems as a way to understand transdiagnostic compulsive behaviour.  

In substance addictions, drug-use shifts from reward driven, to avoidance of 

negative emotional states. This is mirrored by recruitment of the brains anti-reward 

systems, of which the amygdala is an important region (for review see Koob, 2015). There is 

also a reduction in top-down prefrontal control over the amygdala, allowing it to be more 

active and generate emotion (Crunelle et al., 2015). Excessive amygdala and insula 

activation have been linked to increased severity of craving toward gambling stimuli in 

people with this condition (Goudriaan, De Ruiter, Van Den Brink, Oosterlaan, & Veltman, 

2010). Similar findings are also seen in binge eating, whereby there is greater activation in 

bottom-up emotion generating regions in response to food cues, and reduced top-down 

control from higher order networks (Steward, Menchon, Jiménez-Murcia, Soriano-Mas, & 

Fernandez-Aranda, 2018). This could explain why people compulsively eat food, 

experiencing increased emotional salience towards food in the context of reduced self-

regulation, while other people are able to inhibit this behaviour and monitor their intake 

using executive control. Taken together, regions within the limbic system appear to be over-

activated and this is coupled with less control from high-order cortical regions, suggesting 

there may be an affective drive underlying compulsivity in addiction.  

Beyond these substance addiction presentations, there is also ample evidence 

suggesting dysfunction within affect regulatory neurocircuits contribute to symptom 

presentation in OCD (summarised in a review by van den Heuvel et al., 2015). Specifically, 

there is a disconnection between limbic regions and top-down fronto-parietal regions 

(Göttlich et al., 2014), which is thought to explain why individuals with OCD struggle to re-

appraise and regulate their emotions (de Wit et al., 2015), and thus rigidly rely on overt 
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behaviours (e.g. cleaning, checking, arranging) to down-regulate uncomfortable emotions 

(e.g. anxiety, worry).  

Overall, there is strong emerging 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 psychological and cognitive risk factors remains poorly understood. This is particularly 

the case for affect-driven compulsive behaviour, which offers an exciting new opportunity 

to progress understanding of compulsivity and its causes. In the subsequent chapters I will 

expand upon this foundation of research, by exploring the model of Experiential Avoidance, 

which provides a promising framework for understanding affect-driven compulsive 

behaviour.  
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CHAPTER FOUR  

4. Experiential avoidance: A psychological driver for compulsive behaviour 

Compulsive behaviour can be viewed as a maladaptive way to manage ones 

emotions (Figee et al., 2016). Behaviours which are vulnerable to excess (e.g. checking, 

alcohol-use, gambling, shopping, eating) provide effective strategies to alter or avoid 

negative emotions. For example, in OCD repetitive behaviours (e.g. checking, washing, 

ordering) are often engaged in to reduce anxiety or distress. In substance addiction, 

consuming substances immediately alters the internal emotional experience, offering a 

short-term method of escape or relief. In behavioural addictions, behaviours such as 

gambling or excessive internet use can provide useful means of distraction from internal 

thoughts or worries. This occurrence, when individuals are unwilling to tolerate 

uncomfortable thoughts or emotions and take-action to avoid them, is known as 

Experiential Avoidance (EA; Hayes et al., 2004). Despite being a potentially potent motivator 

of compulsive behaviour, EA has received relatively little attention in compulsivity literature 

and has not yet been investigated transdiagnostically. In this chapter I will outline the 

background theory of EA, provide rationale for its relevance in transdiagnostic compulsive 

behaviour and present the available evidence from the literature to date. This information is 

used to inform the affective processes discussed in the subsequent chapter (Chapter 5) and 

is the framework of understanding which Studies One and Two (Chapter 6 and 7) are based 

upon.  

4.1. Background theory of experiential avoidance  

EA is comprised of two related parts: (a) an unwillingness to remain in contact with 

negative private experience (e.g. memories, thoughts, emotions), and (b) action taken to 

alter or avoid these private experiences (Hayes, Wilson, Gifford, Follette, & Strosahl, 1996). 
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In other words, EA is a core psychological construct that arises when people have 

uncomfortable or unwanted thoughts and/or emotions and act in order to avoid them. It 

Ŏŀƴ ōŜ ǘƘƻǳƎƘǘ ƻŦ ŀǎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ ǊŜƭŀǘƛƻƴǎƘƛǇ ǿƛǘƘ ŘƛǎǘǊŜǎǎ ǾŜǊǎǳǎ Ƙƛǎ ƻǊ ƘŜǊ ŀŎǘǳŀƭ 

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 experiences, however such 

experiences are often necessary to achieve our goals. For example, emotions such as stress 

and self-doubt are unpleasant, however they are emotions which must be experienced in 

Ƴŀƴȅ ƻŦ ƭƛŦŜΩǎ ŎƛǊŎǳƳǎǘŀƴŎŜǎΣ ǎǳŎƘ ŀǎ Ƨƻō ƛƴǘŜǊǾƛŜǿǎΣ ƳŜŜǘƛƴƎ new people, raising children 

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 short-term, avoidance 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 managing, controlling or struggling with unwanted 

emotions (Boulanger, Hayes, & Pistorello, 2010). This creates long-term difficulties (i.e. 

psychopathology) as certain emotions are negatively evaluated and avoided, like actual 

external threats. EA exacerbates the level of psychological distress by increasing the salience 

of negative emotions ς i.e. greater effort used to avoid negative emotions, results in 

increased monitoring for the presence of these emotions (Pickett & Kurby, 2010). Therefore, 

while it is an adaptive strategy at reducing short-term distress, it is maladaptive long-term 

as it paradoxically works to increase overall distress.  

4.2. Measurement of experiential avoidance  

 Before discussing the empirical evidence for EA in mental health, it is important to 

understand how it is measured, as this impacts interpretation of empirical evidence. The 

measurement of EA is complicated, as it encompasses a wide variety of behaviours. For 
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example, cognitive avoidance strategies such as thought suppression (Wenzlaff & Wegner, 

2000), affective strategies such as emotional suppression (Gross & Levenson, 1993) and 

behavioural methods of avoidance coping (Zeidner & Endler, 1996), can all be 

conceptualised as types of EA (Hayes et al., 2004).  

Researchers have developed self-report scales to simplify and capture EA as one 

unified construct. The psychometric scale most widely used is the Acceptance and Action 

Questionnaire (AAQ-II), which was developed by Hayes et al. (2004) and has since been 

updated from the AAQ-I. It is a short scale specifically designed to measure EA, with 

ǉǳŜǎǘƛƻƴǎ ǎǳŎƘ ŀǎ άI worry about not being able to control my worries and feelingsέΦ 

Research using the AAQ has linked EA with a wide variety of psychopathology (for review 

see Chawla & Ostafin, 2007) and while these results are promising, it should be noted that 

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 neuroticism and 

negative affect (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-acceptance and avoidance of negative internal experiences), which is problematic given 

the broad scope and complexity of EA as a construct. The final and most notable limitation 

of the AAQ, is that it treats EA as a unidimensional construct.  

 In an empirical review of EA, Chawla and Ostafin (2007) concluded that EA is best 

conceptualised as a multidimensional construct encompassing a number of different 

processes. The multidimensional nature of EA has been supported in more recent empirical 

studies (Gámez, Chmielewski, Kotov, Ruggero, & Watson, 2011; Mcmullen, Taylor, & 

Hunter, 2015; Rochefort et al., 2018). In response to the review by Chawla and Ostafin 

(2007), the Multidimensional Experiential Avoidance Questionnaire (MEAQ) was developed 

to capture EA across six dimensions: behavioural avoidance, distress aversion, distraction 
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and suppression, repression/denial, procrastination, and distress endurance (Gámez et al., 

2011). Unlike the AAQ, the MEAQ can be differentiated from neuroticism/negative affect 

and is accepted as the most valid available measure of EA (Rochefort et al., 2018).  

Alongside challenges associated with measuring EA, there is also variability around 

whether EA should be conceptualised as trait-based or state-based. Research generally 

conceptualizes EA as an avoidance strategy (i.e. state-based) and therefore typically 

investigates it as a mediator variable, occurring further downstream and influencing how 

other trait-based variables related to psychological outcomes (Fledderus, Bohlmeijer, & 

Pieterse, 2010; Ghazanfari, Rezaei, & Rezaei, 2018; Kashdan, Barrios, Forsyth, & Steger, 

2006; Kingston, Clarke, & Remington, 2010; Orcutt, Pickett, & Pope, 2005; Roche, Kroska, 

aƛƭƭŜǊΣ YǊƻǎƪŀΣ ϧ hΩIŀǊŀΣ нлмуύ. EA has also been investigated as a moderator, whereby it 

explains the conditions under which other psychological constructs predict behaviour 

(Bardeen, Fergus, & Orcutt, 2013; Minami, Bloom, Reed, Hayes, & Brown, 2015; Pickett, 

Bardeen, & Orcutt, 2011). Most recently however, EA has been conceptualised as a trait-like 

characteristic (Kirk, Meyer, Whisman, Deacon, & Arch, 2019), characterised by an 

unwillingness to tolerate negative emotions which in turn influences avoidant behaviour in 

the context of distress. This perspective is reflected in newer measures of EA (i.e. MEAQ), 

which now assess it as a trait (Gámez et al., 2013, 2011).  

4.3. Evidence for experiential avoidance in mental health disorders  

EA has received increasing attention in the clinical psychology literature due to 

ƎǊƻǿƛƴƎ ƛƴǘŜǊŜǎǘ ƛƴ άǘƘƛǊŘ-ǿŀǾŜέ ōŜƘŀǾƛƻǳǊŀƭ ŀƴŘ ŎƻƎƴƛǘƛǾŜ ǘƘŜǊŀǇƛŜǎΣ ƻŦ ǿƘƛŎƘ 9! ƛǎ ŀ 

central theme (Boulanger et al., 2010). Examples of third-wave therapies include acceptance 

and commitment therapy (ACT), mindfulness-based cognitive therapy (MBCT), behavioural 

activation and dialectical behaviour therapy (DBT). These therapies target pathological 

experiential avoidance processes and seek to foster experiential acceptance of internal 
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experiences. Multiple 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 (CBT; Dimidjian et al., 2016; Hacker, Stone, & MacBeth, 2016; Öst, 2008).  

 Evidence demonstrates that EA is a key process which contributes to the 

development and maintenance of various forms of psychopathology (Chawla & Ostafin, 

2007; Monestès et al., 2016). In a meta-analysis of 32 studies involving 6,628 participants 

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

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

accounted for 16-28% of the variance in mental health outcomes, including depression, 

anxiety and lower quality of life (Hayes et al., 2004). While this work has largely used the 

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

measure, EA has been linked to reduced wellbeing (Machell, Goodman, & Kashdan, 2015), 

depression (Moroz & Dunkley, 2019), eating problems (Ciarrochi, Sahdra, Marshall, Parker, 

& Horwath, 2014; Litwin, Goldbacher, Cardaciotto, & Gambrel, 2017) and substance use 

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

Kuvaas, Williams, & Kilwein, 2013). Despite its role across a wide range of pathologies, EA 

has rarely been used to investigate psychopathology transdiagnostically.  

4.4. Experiential avoidance in compulsive behaviour   

4.4.1. Experiential avoidance in obsessive-compulsive behaviours 
 

EA is believed to play an important role in OCD and it has been posited that 

compulsions can be conceptualised as forms of EA (Eifert & Forsyth, 2005; Hayes et al., 

1996). Obsessions are persistent thoughts/impulses/images that are associated with 

significant anxiety and distress. Compulsions are repetitive behaviours (e.g. checking, 

cleaning) or mental acts (e.g. counting) which are inflexibly and excessively engaged in to 
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relieve anxiety provoked by obsessions. The goal of the compulsion is to reduce and control 

the obsession and associated anxiety. Analogous to EA, the compulsion is being used to 

relieve uncomfortable thoughts and/or emotions.  

 Despite the good theoretical rational for the role of EA in OCD, only a handful of 

studies have directly investigated the relationship and findings have been mixed. Two 

studies explored the ability of EA to predict obsessive-compulsive symptoms in a non-

clinical sample and found that it did not add significantly to the prediction of symptoms, 

over and above the contribution of general distress and obsessive beliefs (Abramowitz, 

Lackey, & Wheaton, 2009; Manos et al., 2010). Another study however, using more sensitive 

measures of EA (i.e. the AAQ-II rather than the AAQ-I), found that EA was significantly, 

positively correlated with self-reported OC symptom severity (Wetterneck, Steinberg, & 

Hart, 2014), albeit the relationship was weak (r = .42). The role of EA has not yet been 

investigated in OCD using more recently developed sensitive and multidimensional 

measures. It therefore remains unclear whether mixed findings from past literature are due 

to problems with EA conceptualisation and measurement validity. Moreover, it may be that 

certain lower order constructs of EA (e.g. behavioural avoidance) and more important for 

our understanding of OC behaviour and assessing EA as a unitary construct reduces 

specificity to detect these effects.   

4.4.2. Experiential avoidance in substance-related addictions  

Similarly, relatively few studies have directly examined the role of EA in substance 

addictions, despite the similarities in addiction phenomenology and EA. Positive 

reinforcement dominates the early stages of substance use, whereby expectation of reward 

motivates use (Koob & Volkow, 2010). However, in the later stages, there is a transition 

from positive reinforcement to negative reinforcement and automaticity, where avoidance 

of negative affect motivates use. These later stages encourage more compulsive use of 
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substances and are the stages most analogous to EA. Here, the individual is experiencing an 

uncomfortable thought/feeling/emotion (e.g. withdrawal/negative affect) and seeks short-

term immediate relief with further substance consumption. Moreover, this occurs despite 

awareness that further consumption causes functional impairment. Interestingly, while the 

typical conceptualisation of addiction is the transition from positive to negative 

reinforcement, for some individuals early substance use is motivated by negative 

reinforcement (Conrod, 2016). Meaning, the initial purpose of use was to seek 

relief/avoidance from negative internal emotions or experiences, and further supporting the 

relevance of EA for understanding addictions.  

 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 with negative affect (Ehrenberg, 

Armeli, Howland, & Tennen, 2016), disengaging from social stressors (Blumenthal, Ham, 

Cloutier, Bacon, & Douglas, 2016) and avoiding emotional arousal (Brotchie, Hanes, 

Wendon, & Waller, 2007). Similarly, people who have experienced significant life stressors 

often turn to substances such as alcohol (Bedard-Gilligan, Cronce, Lehavot, Blayney, & 

Kaysen, 2013), cocaine (Back, Sonne, Killeen, Dansky, & Brady, 2003), marijuana (Bonn-

Miller, Vujanovic, Feldner, Bernstein, & Zvolensky, 2007) or opiates (Rugani et al., 2011) to 

repress psychological distress.  

The small number of studies that have used direct measures of EA have elicited 

promising findings. Using the multidimensional measure of EA, Buckner, 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.e. dissociating from distress) were all associated with a greater frequency of 

cannabis-related problems. In particular, behavioural avoidance was predictive of cannabis-
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related problems, leading authors to conclude that those who use cannabis as a behavioural 

strategy to cope with distressing situations are more likely to display problematic drug-

related behaviour. Another study compared problematic alcohol use in college students 

with a history of trauma (Dvorak et al., 2013). Higher PTSD symptomology coupled with low 

distress endurance (i.e. ability to behave effectively when under distress) predicted greater 

comorbid alcohol related consequences, indicating that greater distress endurance is 

protective for comorbid substance related problems. Taken together, EA appears to play a 

role in substance-related addiction, however this is difficult to conclude given the relatively 

few studies directly assessing the relationship.  

4.4.3. Experiential avoidance in behaviour-related addictions   

 Individuals with gambling problems use gambling to regulate a range of unwanted 

private experiences (Fong, 2005; Wood & Griffiths, 2007). However, only one study has 

directly investigated this within the context of EA. In treatment seeking problem gamblers, 

EA was found to be predictive of higher levels of problem gambling (Riley, 2014). Moreover, 

9! ƳŜŘƛŀǘŜŘ ǘƘŜ ǇƻǎƛǘƛǾŜ ŀǎǎƻŎƛŀǘƛƻƴ ōŜǘǿŜŜƴ ǘƘƻǳƎƘǘ ǎǳǇǇǊŜǎǎƛƻƴ όƛΦŜΦ ƛƴŘƛǾƛŘǳŀƭΩǎ 

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 psychological strategies operated.  

Compulsive buying involves a preoccupation with buying or impulses to buy that are 

experienced as irresistible, intrusive, and uncontrollable (McElroy, Keck Jr, Pope Jr, Smith, & 

Strakowski, 1994). EA has been found to partially mediate the relationship between distress 

tolerance (i.e. perceived ability to withstand distress) and compulsive buying (Williams, 

2012). This indicated buying 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 

problematic ōŜƘŀǾƛƻǳǊǎ ǎǳŎƘ ŀǎ ΨŜƳƻǘƛƻƴŀƭΩ ŜŀǘƛƴƎ ƻǊ ōƛƴƎŜ ŜŀǘƛƴƎΦ 9Ƴƻǘƛƻƴŀƭ ŜŀǘƛƴƎ ƛǎ 

defined as the tendency to eat in response to negative emotions (Arnow, Kenardy, & Agras, 

1995). Binge eating is similar, however has specifiers related to time frame (i.e. food 

consumed within a 2-hour period), amount of food consumed (i.e. large) and feeling a loss 

of control (American Psychiatric Association, 2013). Both behaviours are characterised by 

individuals who eat in response to cues that signal psychological distress as opposed to 

physiological cues that signal hunger (Allison, Grilo, Masheb, & Stunkard, 2005; Greeno & 

Wing, 1994; Oliver, Wardle, & Gibson, 2000). EA is thought to mediates this relationship 

between negative emotions and emotional eating (Litwin et al., 2017). Furthermore, in a 

study evaluating the efficacy of ACT for binge eating, results showed that improved 

treatment outcomes were mediated by reductions in EA (Lillis, Hayes, & Levin, 2011).  

Overall, there is good theoretical and emerging empirical evidence in support of a 

relationship between EA and compulsive behaviour across a range of individual diagnoses 

and behaviours. However, this body of work is clouded by conceptual and statistical 

variability in the measurement and assessment of EA. Moreover, no research studies have 

explored this relationship transdiagnostically, across multiple compulsive behaviours within 

the one integrated research protocol. Delineating the nature of this relationship will help to 

inform more targeted and individualized interventions for compulsivity.   
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CHAPTER FIVE 

5. Compulsive behaviour and associations with cognitive and neurobiological affective 

processing  

In the RDoC initiative, emphasis is placed on understanding the fundamental 

mechanisms that result in differing degrees of dysfunction, in terms of basic science (e.g. 

neurocircuitry, physiology, cognition). In keeping with this approach, I will now focus on 

several basic brain mechanisms that have demonstrated good theoretical and experimental 

evidence to suggest that they contribute to or exacerbate experientially avoidant 

compulsive behaviour. These include cognitive valence learning asymmetry (i.e. a bias in 

learning and forming expectations based on positive versus negative feedback, as measured 

by a computer-based task), Hypothalamic-Pituitary-Adrenal (HPA) axis activity (as measured 

by the cortisol awakening response) and amygdala network activity (as measured by resting-

state functional connectivity). The mechanisms selected ŀǊŜ ǊŜƭŀǘŜŘ ǘƻ ΨƘƻǘΩ ŎƻƎƴƛǘƛǾŜ 

processes ŀǎ ƻǇǇƻǎŜŘ ǘƻ ΨŎƻƻƭΩ ǇǊƻŎŜǎǎŜǎ όZelazo & Carlson, 2012). Cool cognitive processes 

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, hot cognitive processes are those elicited in contexts that generate emotion, 

motivation and conflict between acute gratification and long-term goals, for example delay 

gratification and affective decision making. Given the role of emotion in experientially 

avoidant compulsive behaviour, it seemed pertinent to select processes with a known role 

in emotionally driven behaviour. The aforementioned mechanisms inform the outcome 

measures of the Study Two, thus a detailed discussion of the background theory and 

measurement of each will be provided. This will be followed by insights into how these 

processes may directly relate to EA and compulsivity. 
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5.1. Valence learning asymmetries  

5.1.1. Theory of valence asymmetries  

In our day-to-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 impact various 

aspects of our health, happiness and life. For example, deciding whether to 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 situation. For example, we 

may feel motivated to get fitter, however our expectation of exercise is negative (e.g. 

painful and tiring). This would make for a more effortful deliberation over whether to 

exercise, in comparison to someone who was feeling motivation and had positive 

expectations about exercise (e.g. feeling healthy and energised).  

The literature on cognitive valences asymmetries is born out of work by Fazio and 

colleagues (2015), who proposed there are individual differences in the tendency to weight 

positive versus negative information when forming expectations about situations, as well as 

learning positive or negative associations about a situation. It is further posited that 

individual differences in valence weighting reflect differences in how pre-established 

attitudes generalise onto similar but novel situations. For instance, individuals with a 

negatively weighted bias notice resemblance to known negatives more strongly than 

negatives to known positives and are therefore more likely to make a negative assessment 

of the novel situation. For example, someone with a negatively weighted bias may make a 

negative initial assessment of a new form of exercise (e.g. Zumba) because of its 

resemblance to the negative aspects of other forms of exercise όŜΦƎΦ άL ƘŀǾŜ Ǌŀƴ ōŜŦƻǊŜ ŀƴŘ 

ƛǘ ǿŀǎ ǇŀƛƴŦǳƭΣ ǘƘƛǎ ǿƛƭƭ ōŜ ǇŀƛƴŦǳƭ ŀǎ ǿŜƭƭέύΦ This may be analogous to people who tend to 

see the negatives in new situations, versus people who tend to see the positives.  
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Importantly, our valence asymmetries influence our behaviour. Given a positive 

expectation of a situation, one is more likely to approach and engage. Conversely, a 

tendency to generalise negative expectations may lead to avoidance like behaviours. Take 

the exercise example again; the individual with the positive valence asymmetry may weigh 

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 who generalises 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 

exercise and exploring new forms of exercise.   

5.1.2. Measurement of valence asymmetries: BeanFest  

To assess individual differences in valence asymmetries, Fazio and colleagues (2015) 

developed a highly novel cognitive task called BeanFest. BeanFest comprises two stages, a 

leaning phase which establishes the players tendency to learn and remember from 

situations that resulted in punishment versus reward, followed by a generalisation phase 

during which their unconscious propensity to generalise this bias to novel situations or 

events is examined. During the learning phase, participants attempt to maximise their 

points by learning to approach positive (i.e. rewarding) and avoid negative (i.e. punishing) 

stimuliΦ ¢ƘŜ ǎǘƛƳǳƭƛ ŀǊŜ άōŜŀƴǎέ ǿƘƛŎƘ ǾŀǊȅ ƛƴ ŀǇǇŜŀǊŀƴŎŜ (Figure 5.1). Following this 

ƭŜŀǊƴƛƴƎ ǇƘŀǎŜΣ ǘƘŜȅ ŀǊŜ ǘƘŜƴ ŀǎƪŜŘ ǘƻ ŎƭŀǎǎƛŦȅ ǘƘŜ ōŜŀƴǎ ŀǎ ŜƛǘƘŜǊ άƘŜƭǇŦǳƭέ ƻǊ άƘŀǊƳŦǳƭέΦ 

These beans in the classification phase include beans from the learning phase, to assess 

learning, and novel/new beans, to assess attitude generalisation from beans previously seen 

to novel beans. This procedure allows one to determine the average response to novel 

beans, controlling for how well the individual learned positive and negative beans from the 

learning phase.  
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This task is highly innovative and is the product of many years of testing and iterative 

development. It addresses previous difficulties in the assessment of valence asymmetries. 

For example, previous tasks investigating valence asymmetries were based on stimuli 

consisting of affective sounds, words and pictures (Norris, Larsen, Crawford, & Cacioppo, 

2011), for example a picture of a gun as a negative image, a picture of a baby of a positive 

image. This is problematic as often participants have highly individualised preconceived 

impressions of the subjective stimuli, making it extremely difficult to assess true cognitive 

processing biases. For example, an avid recreational shooter will find the image of a gun 

positive, and an overwhelmed new parent find the baby picture negative. BeanFest 

addresses this problem by using novel unemotive stimuli with which participants have had 

no previous exposure, carefully pairing them with reward or loss experiences, and thus 

allowing the measurement of learning and formation of affective attitudes that are 

untainted by past experiences or attitudes.  
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Figure 5.1.1: The bean stimuli used in the Beanfest task. Adapted from (Fazio et al., 

2015).  

5.1.3. Current evidence for valence asymmetries  

BeanFest has shown high sensitivity to both positive and negative valance asymmetries 

across a large and growing body of research. For example, depressed and anxious 

individuals display a negative learning bias, which is driven by a lack of appreciation for the 

positive beans they had encounter (Conklin, Strunk, & Fazio, 2009; Shook, Fazio, & Vasey, 

2007). Moreover, a negative weighting bias has been found to predict increases in 

depressive symptoms in university students (Pietri, Vasey, Grover, & Fazio, 2015), 

highlighting the tasks predicative validity for mood concerns.  

Differences in weighting biases have also been linked to inter-personal relationships. 

Weighting bias has been shown to predict the number of new peer relationships first-year 

university students will form within their first two months of university, whereby a positive 
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weighting bias is linked to more new relationships (Rocklage, Pietri, & Fazio, 2017). A 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, 2013). This suggests that valences asymmetries may impact the 

quality of interpersonal relationships and provide real-world indications of approach and 

avoidance behaviours.  

Moreover, and most relevant to compulsivity, valence asymmetries have been linked to 

impulse control and risk tendencies. Individuals who exhibit positive valence biases on 

BeanFest have less impulse control than individuals who have negative valences, however 

this relationship only holds for individuals with low trait self-control (Zunick, Granados 

Samayoa, & Fazio, 2017). Similarly, those with a more positive weighting bias have a 

tendency to engage in riskier behaviours (Pietri 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 experiential avoidance and compulsivity  

Although yet to be investigated, cognitive valence asymmetries may contribute to 

compulsivity, particularly in the context of compulsive behaviour that is motivated by EA. 

There is good rationale to suggest an interaction between the three (i.e. compulsivity, EA 

and valence asymmetries). EA is linked to increased mood related concerns, such as anxiety 

and depression, both of which have been associated with a negative learning bias (Conklin, 

Strunk, & Fazio, 2009; Shook, Fazio, & Vasey, 2007). Moreover, theory of EA describes how 

experientially avoidant individuals have a bias towards attending to negative internal 

experiences which perpetuates avoidance behaviour. This bias may extend to negative 

external experiences, thus fostering more negative assessments of novel stimuli and 

avoidance behaviour.  
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However, compulsivity is, by nature, characterised by excessive approach behaviours, in 

that individuals seek out stimuli and 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 have a bias towards learning positive associations. They have a greater 

tendency to quickly learn which situation is acutely helpful and continue to engage in that 

behaviour. This may come at the expense of more conscious deliberation of both the 

positive and negative associations of 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 individual who has an underlying motivation to 

exercise and has positive expectations of the actual act of exercising, is more likely to 

exercise than someone who is motivated but had negative expectations. Therefore, 

someone who is motivated to avoid negative internal experiences (i.e. experientially 

avoidant) and has 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 someone who may be also motivated by EA but is 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 help the individual to associate more distal negative consequences 

with the compulsive behaviour rather than the immediate positives. It is important to 

understand the nature of the interaction between EA, valence asymmetries and 

compulsivity, as this may shed light 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 EA-motivated compulsivity, then cognitive treatment interventions could be 

targeted towards adjusting positive biases towards being more neutral or negative.  

5.2. HPA axis function  

As outlined in earlier chapters, compulsive behaviour may be a manifestation of an 

ƛƳōŀƭŀƴŎŜ ōŜǘǿŜŜƴ ǘƘŜ ōǊŀƛƴΩǎ Ǝƻŀƭ-directed and habit-learning systems, whereby there is a 

reduction in goal-directed control over behaviour and a concomitant strengthening of habit-

like responding (Gillan et al., 2015). There is a large body of work linking stress to the 

promotion of habitual behaviour (Schwabe & Wolf, 2009; Schwabe, Tegenthoff, Höffken, & 

Wolf, 2013; Smeets, van Ruitenbeek, Hartogsveld, & Quaedflieg, 2019; Wirz, Wacker, 

Felten, Reuter, & Schwabe, 2017), suggesting that increased stress may be a vulnerability 

factor for compulsivity (Gillan et al., 2015; Schwabe, Dickinson, & Wolf, 2011; Stephens & 

Wand, 2012a). EA has a reciprocal relationship with stress, whereby EA predicts increased 

stress responses and increased stress leads to more experientially avoidant behaviour 

(Ishizu, Shimoda, & Ohtsuki, 2017). Stress and EA have also been shown to interact and 

increase the risk of psychopathology (Rueda & Valls, 2016). Thus, stress likely plays a key 

role in the onset and exacerbation of experientially avoidant compulsive behaviour  

The Hypothalamic-Pituitary-Adrenal (HPA) axis functioning is a widely investigated 

biological indicator of stress (Stephens & Wand, 2012) and irregularities in HPA functioning 

are closely tied to affective processing and emotion regulation disruptions (Bao & Swaab, 

2019; Gilbert, Mineka, Zinbarg, Craske, & Adam, 2017). The HPA axis allows us to maintain 

daily function under changing environmental circumstances (Herman et al., 2016). The 

product of the HPA system is cortisol, which plays a role in the maintenance of homeostasis 

and the fine balanced regulation of stress. Changes in cortisol 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 plays an axis-activating role (Herman et al., 2016). HPA activity 

is an important mediator between stressful life experiences and mental health outcomes 

(Renoir, Hasebe, & Gray, 2013), thus it may help to explain why some individuals 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 systems to promote 

ŀƭŎƻƘƻƭΩǎ ǊŜƛƴŦƻǊŎƛƴƎ ŜŦŦŜŎǘǎ ŀƴŘ ƛƴŎǊŜŀǎŜ Ƙŀōƛǘ-learning (Stephens & Wand, 2012). In 

comparison to healthy controls, abnormalities in HPA axis activity and cortisol production 

have also been found in patients with OCD and binge eating disorder (Morgado, Freitas, 

Bessa, Sousa, & Cerqueira, 2013; Rosenberg et al., 2013), supporting the role of HPA axis 

activity in compulsive behaviour.  

5.2.1. Characterisation of HPA-axis activity  

Although there are several biomarkers, such as the corticotropin-releasing or 

adrenocorticotropic hormones, which can provide indication of HPA axis 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 secretion, has a pronounced circadian 

rhythm (Hucklebridge, Hussain, Evans, & Clow, 2005). There are several approaches 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 main approaches 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 ways to assess HPA axis activity, the CAR is associated 

with the lowest participant and researcher burden (Nicolson, 2008). Other approaches 
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involve multiple collection times across a 24-hour period or require increasing participant 

stress. The CAR is the primary biomarker used in the current thesis and thus will be the 

focus of subsequent discussion.  

5.2.2. Measurement of the Cortisol Awakening Response  

 Cortisol awakening response (CAR): The CAR is the steep rise (~50-160%) in cortisol 

during the first 30 ς 40 minutes of awakening, returning to baseline after 60 ς 75 minutes 

and continuing thereafter (Nicolson, 2008). Measurement of the CAR only requires a brief 

period (~ 60 minutes) of saliva sampling in the morning, making is a widely used measure of 

HPA function in health psychology literature. However, despite its wide use, there is 

considerable inconsistency within the literature over how CAR should be measured. This is 

particularly problematic as the validity of the CAR critically relies on appropriate 

measurement procedures. In favour of succinctness and clarity, the thesis publication (Study 

Two; Chapter 7) which utilised CAR data did not contain a detailed description of the CAR 

measurement protocol. As such, pertinent decisions relating to the protocol that could not 

be detailed in the publication will be discussed here.  

Urinary, blood or salivary cortisol: While the CAR can be measured through urinary 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 factors (El-Farhan, Rees, & Evans, 2017), saliva 

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, 2007). The ease of collection was an important consideration in 

the current thesis. As we were collecting data across several different 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 collection, salivary cortisol was used to 

characterise the CAR.  

Assessment of the cortisol awakening response: In 2016, expert consensus guidelines 

were published describing gold standard procedures for the assessment of the CAR (Stalder 

et al., 2016). The guidelines outline several important considerations related to the control 

of the sampling accuracy; participant instructions; influence of covariances; assessment of 

the CAR; and data reporting and interpretation. These 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 within the 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 argue that 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. Evans, Smyth, Thorn, Hucklebridge, & Clow, 2019). In 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, this is recognised as impractical and a minimum of 

two days is recommended.  

Studies have shown that people are generally adherent to the sampling protocol (Hill 

Golden et al., 2014; Thorn, Hucklebridge, Evans, & Clow, 2006), however, researchers advise 

the use of quality control measures such as sleep actigraphy equipment to confirm that the 

άǿŀƪƛƴƎέ ǎŀƳǇƭŜ was collected at the actual wake time (Stalder et al., 2016). Errors in 
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sampling times can have significant impacts on the validity of the CAR. For instance, if the 

άǿŀƪƛƴƎέ ǎŀƳǇƭŜ όл Ƴƛƴύ ƛǎ ŘŜƭŀȅŜŘΣ ǘƘŜ /!w Ƴŀȅ ƘŀǾŜ ŀƭǊŜŀŘȅ ŎƻƳƳŜƴŎŜŘΣ ƭŜŀŘƛƴƎ ǘƻ ŀƴ 

incorrect characterisation of the curve and its peak.  

Although ideal, such equipment is expensive and was not feasible in the current 

research, due to costs and already high participant burden. Alternatively, researchers can 

check the quality of data at the analysis stage. If the concentration of cortisol is greater at 

time 0 min when compared to times 30 or 45 min, 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), it is not typically seen in community-based samples as 

used in the current research.  

Finally, the guidelines provide considerations for CAR data reporting and interpretation. 

This includes reporting the cortisol concentration 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 identified, referred to as the CAR salience score (Evans et al., 2019). This 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 more trait-like 

individual differences (Evans et al., 2019) and was the measure of dynamic increase utilised 

in the current thesis.  

5.2.3. The cortisol awakening response in experiential avoidance and compulsivity 

One prominent theory about the function of the CAR is that it may be an anticipatory 

response, preparing the individual to cope with the demands of the upcoming day (Fries, 

Dettenborn, & Kirschbaum, 2009; Powell & Schlotz, 2012). This theory is born out of 

research showing a heightened response in relation to short-term influences such as a 

stressful workday compared to a weekend (Kunz-Ebrecht et al 2004). Research directly 
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testing this άŀƴǘƛŎƛǇŀǘƛƻƴέ ǘƘŜƻǊȅ Ƙŀǎ ŦƻǳƴŘ ǘƘŜ /!w ƳƻŘŜǊŀǘŜǎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ daily life stress 

on distress, whereby CAR increases are associated with reduced distress responses to daily 

life stress (Powell & Schlotz, 2012). This suggests that CAR elevation is linked to better 

ability to cope with stress. This is an important finding in the context of EA and compulsivity. 

As has been discussed in previous chapters, when considering compulsive behaviour within 

the framework of EA, compulsivity can be conceptualised as a poor coping strategy for 

distress. Given that a higher CAR is linked to better coping with distress, one may anticipate 

that individuals who are experientially avoidant and compulsive to have an attenuated CAR.   

Although the above implies that a greater CAR is a 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 the following day (Adam, Hawkley, Kudielka, & Cacioppo, 

2006). Moreover, in a meta-analysis of more than 140 studies, CAR was found to be 

heightened among people reporting worry or preoccupation with their work and generally 

elevated in those experiencing chronic stress and work-overload (Chida & Steptoe, 2009). Of 

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, & Kunz-Ebrecht, 2005). Therefore, an increased CAR appears to 

reflect the body preparing to actively cope with stress (Powell & Schlotz, 2012).  

 Research investigating the CAR in disorders of compulsivity has elicited mixed 

findings. For instance, women with binge eating disorder have a significantly elevated CAR 

in comparison to healthy women (Monteleone et al., 2016). However, in a community-

based sample, the CAR was negatively associated with binge-eating behaviours and 

disinhibition (Therrien et al., 2008), suggesting an increased capacity to disinhibit could be 

the result of increased HPA activity. This finding is broadly consistent with the anticipation 
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theory of the CAR, which suggests a higher CAR is linked to better ability to cope day-to-day. 

Problem gamblers also exhibit an elevated CAR, however this is not related to individual 

differences in disinhibition (Wohl, Matheson, Young, & Anisman, 2008), leading authors to 

conclude an elevated CAR is secondary to gambling problems or distress related to gambling 

problems. The relationship between compulsivity and the CAR is complex and seems to 

function differentially depending on disorder severity (i.e. community sample versus clinical 

sample). In mild-moderate symptoms severity populations, it is possible an elevated CAR 

serves a protective role, encouraging greater self-control. While in severe population 

groups, CAR may be more indicative of pathological distress-related behaviours.  

5.3. Amygdala function  

As outlined in Chapter 2, several brain regions have been implicated in explaining 

compulsive behaviour, including various regions in CSTC and 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 thesis is conceptualising compulsive behaviour as 

an expression of experientially avoidant behaviour and disrupted affective processing, the 

amygdala is an important brain region for further investigation, given its known role in 

affect generation and regulation.  

The amygdala is a subcortical, bilateral structure, located within the medial temporal 

lobe (AbuHasan & Siddiqui, 2020). It receives diverse inputs and outputs from various 

cortical and subcortical regions of the brain, which underlie many affect-related processes. 

For instance, bottom-up connections between the amygdala and regions such as the insula, 

striatum and visual cortex guide attention and perception of emotional stimuli in the 

environment (Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 2012). The amygdala 

generally plays a modulatory role in bottom-up processes, directing attention and flagging 

the salience of emotional stimuli (Lindquist et al., 2012). Top-down systems, which include 
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connections between the amygdala with regions in the frontal cortex, parietal cortex, ACC 

and hippocampus, are thought to be involved in the regulation of emotion and re-appraisal 

of emotional stimuli (Ochsner et al., 2009). Here, top-down cortical and subcortical systems 

exert modulatory control over the amygdala.  

Interactions among large-scale brain-networks and the amygdala engender many of 

the psychological and cognitive processes involved in affective processing (Jacobs et al., 

2016; Jenkins et al., 2017; Uchida et al., 2015). A recent meta-analytic review identified five 

networks thought to interact with the amygdala in affective processing (Riedel et al., 2018). 

These comprised two networks associated with visual and auditory perception, and three 

linked to higher-order functions including attention for emotionally salient stimuli, internal 

representations of past emotional stimuli, and emotional stimulus evaluation and response 

generation. Higher-order functions were associated with well-known large-scale networks 

including the salience network, default mode network (DMN) and limbic network 

respectively. Therefore, while the amygdala plays a crucial role in affective processing, it is 

important to move beyond investigating the amygdala as a single region, towards 

investigations aimed at understanding how brain networks interact with the amygdala to 

produce affect driven behaviour.  

5.3.1. Measurement of amygdala function  

Functional magnetic resonance imaging (fMRI) studies are used to understand how 

brain regions interact with each other and within a network. These can either be task-based 

fMRI (i.e. measure brain activity while performing a specific cognitive function) or resting-

state-fMRI investigations (i.e. measure activity while the brain is at rest). Task-based studies, 

which tend to be more widely used, allow researchers to measure brain regions that are 

active during specific behaviours and thus elucidate the function 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 threat in a computer-based paradigm (Gold, 

Morey, & McCarthy, 2015), leading to the interpretation that amygdala-PFC connectivity is 

important to help maintain performance when experiencing anxiety induced by threat. 

Although task-based fMRI studies provide valuable insights into the function of various 

network connections, they are limited in that they focus on one behaviour as measured by a 

specific cognitive task and the real-world applicability of tasks is at times questionable. 

Resting-state investigations are advantageous as they provide insight into experience-

dependent (i.e. real-world 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 that rs-FC reflects the underlying synaptic 

efficiencies (or metabolic expenditure) in cortical networks (Guerra-Carrillo, Mackey, & 

Bunge, 2014). For example, amygdala rs-FC to other regions throughout the brain tends to 

be decreased in depression (Ramasubbu et al., 2014), lending weight to neurobiological 

modes of depression and suggesting that emotion regulation difficulties is depression can 

be (in part) attributed to a dysregulated brain circuitry.  

5.3.2. Amygdala function in experiential avoidance and compulsivity   

Despite the likely relevance of amygdala function in compulsivity, and potential for 

rs-FC assessment to provide insight into underlying amygdala network function in this 

population, very few investigations have explored amygdala rs-FC in the context of 

compulsive behaviour. In the following sections I will briefly summarize the current 

understanding of amygdala function within the context of compulsive behaviours. The focus 

will be on resting-state investigations, as this will directly inform the current thesis research 

studies. However, where necessary the discussion will draw upon findings from task-based 

investigations to illustrate network function.  
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 Amygdala function in OCD: Traditional neurobiological models of OCD attribute 

symptom presentation to underlying dysfunction of CSTC loops (for review see Hazari, 

Narayanaswamy, & Venkatasubramanian, 2019), however recent evidence also implicates 

other networks, such as limbic networks and the amygdala (Via et al., 2014). Abnormalities 

in limbic network activity likely underlie affect regulation difficulties observed in OCD 

(Göttlich, Krämer, Kordon, Hohagen, & Zurowski, 2014), including performance of 

compulsions in response to feelings of uncertainty and/or anxiety.  

 Resting-state investigations have found evidence of amygdala network dysregulation 

in OCD. Decreased functional connectivity between the amygdala and prefrontal regions at 

rest suggests reduced efficiency of communication between areas involved in adaptive 

emotional learning (Fullana et al., 2017). Similarly, reduced rs-FC between the amygdala and 

the basal ganglia network (inclusive of the dorsal and ventral striatum) and the 

executive/attention network (inclusive of fronto-parietal regions) are thought to contribute 

to OCD cognitive deficits in emotional learning, processing and expectation, as well as 

processing of rewards and punishments (Göttlich et al., 2014). Of note, structural changes in 

the amygdala have also been observed in subclinical obsessive-compulsive groups, 

suggesting amygdala neuronal changes may constitute a risk factor for obsessive-

compulsive behaviour, rather than simply being a consequence of psychopathology (Kubota 

et al., 2019).  

Amygdala function in substance addictions: Early work exploring the neurocircuitry 

of addictive behaviour has implicated the amygdala and its functional connections 

throughout the brain (Koob & Volkow, 2010). Specifically the amygdala plays a key role in 

the negative affect/withdrawal stage of addiction and is thought to be a neural marker for 

addiction driven by stress and negative affective states (Koob & Le Moal, 2008). Although a 

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 substance-related behaviour that 

informs the research investigations of the current thesis. Alcohol was chosen as the 

substance of focus because it is the most widely used substance worldwide (Degenhardt et 

al., 2018).  

Reduced amygdala connectivity to frontal regions, such as the OFC, have been 

shown to predict alcohol use two years later in adolescents, suggesting that decreased 

amygdala-frontal connectivity at rest may bias individuals towards more risk-taking 

behaviours later on (Peters, Peper, Van Duijvenvoorde, Braams, & Crone, 2017). Similar 

findings are also observed in adults, whereby there is decreased rs-FC connectivity between 

the amygdala and cognitive control regions (Hu et al., 2018). By comparison, amygdala 

connectivity to striatal reward regions is increased in alcohol use disorder (Zhu, Cortes, 

Mathur, Tomasi, & Momenan, 2017), possibly reflecting hyperactivity between systems 

implicated in affective motivation and reinforcement relevant to addictive behaviour.  

Amygdala function in behavioural addictions: Very few studies have investigated 

amygdala functional connectivity (both at rest and during task) in behavioural addictions. 

However, there is good rationale to support its role. Pathological overeating identifies 

άovereating to relieve a negative emotional stateέ as one of the key driving processes 

(Moore, Sabino, Koob, & Cottone, 2017, p. 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., 2018). Performing a behaviour to relieve an emotional state is thought to 

emerge from dysfunction within the amygdala (Moore et al., 2017). Moreover, evidence has 

shown that the amygdala is hyperactivated in response to pleasant tasting food, even when 

someone is not hungry (Sun et al., 2015) and activates in response to high-calorie foods in 

food addiction (Pursey, Contreras-Rodriguez, Collins, Stanwell, & Burrows, 2019). Thus, this 
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suggests greater amygdala-related motivational sensitivity to palatable foods may 

contribute to compulsive eating behaviours.  

 Individuals who gamble demonstrate increased engagement of amygdala-striatal 

networks when making choices about whether to quite or continue chasing losses 

(Worhunsky, Potenza, & Rogers, 2017), indicating affective and reward-based systems of 

the brain are influencing decisions about gambling continuation rather than higher-order 

cognitive control regions. Increased amygdala connectivity with other regions involved in 

emotional salience and generation, such as the insula, have also been observed in 

pathological gambling (Contreras-Rodríguez et al., 2016), suggesting the brain may hyper-

sensitive towards affective responses.  

Amygdala function in experiential avoidance: Only two studies have explicitly 

investigated brain function associated with EA. Using a small pilot sample of 16 healthy 

adults, one study mapped approach and avoidance responses during a monetary gains 

computer task to increased fronto-limbic-striatal network activation (inclusive of 

medial/superior frontal regions, anterior cingulate, amygdala and hippocampus). Increased 

EA (self-report) 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 behaviour (Schlund, Magee, & Hudgins, 

2011). This may reflect decreased 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 healthy adults), investigating the relationship between EA and activation within 

emotion-related brain regions during a sustained threat avoidance task (Schlund, Hudgins, 

Magee, & Dymond, 2013). Interestingly, results showed EA was linked to decreased 
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activation within limbic regions (i.e. amygdala, insula, substantia nigra and bed nucleus of 

the stria terminalis complex) during 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 threat in EA. Authors interpreted the 

findings as individuals with increased EA being less threatened by monetary loss (as 

compared to unwanted emotions) or extensive histories of avoidance based coping creating 

some resilience to threat/ lower threat sensitivity. Although 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 is emerging evidence to indicate disrupted amygdala connectivity with 

higher-order control and sub-cortical reward-based areas of the brain contributes to 

behaviour presentation in compulsivity. Reduced brain-based capacity for affect regulation 

and heightened affective responses likely leads to an overreliance on accessible and acutely 

effective behaviours (e.g. eating, drinking, gambling, cleaning etc.) to manage emotions.  

As was outlined in earlier chapters, disruptions to CSTC neurocircuits and their related 

processes can explain a portion of the variance in compulsive behaviour, suggesting there 

are intermediate phenotypes (also referred to as endophenotypes) that 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 compulsive behaviour that 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 amygdala rs-FC in compulsivity.   
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5.4 LƴǾŜǎǘƛƎŀǘƛƴƎ άƘƛŘŘŜƴέ ǇƘŜƴƻǘȅǇŜǎ ǳǎƛƴƎ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ƛƴŘƛŎŀǘƻǊǎ  

 Given the mounting evidence demonstrating that diagnostic categories do not 

capture the underlying neurobiology of mental illness (Chamberlain, Stochl, Redden, & 

Grant, 2018; Chamberlain et al., 2019; Fontenelle, Oostermeijer, Harrison, Pantelis, & Yücel, 

2011; Hermens et al., 2019; Parkes et al., 2019; Tiego, Oostermeijer, et al., 2019b), 

researchers are being encouraged to explore empirically-based approaches for re-classifying 

psychopathology, grounded in findings from neuroscience (Cuthbert & Insel, 2013). The 

current thesis sought to reclassify heterogeneous compulsive behaviours, incorporating 

multiple levels of analysis (i.e. EA, stress, valence learning asymmetries, CAR and amygdala 

rs-FC). Data-driven clustering offers a promising empirical approach for discovering 

άƘƛŘŘŜƴέ ǘǊŀƴǎŘƛŀƎƴƻǎǘƛŎ ǇƘŜƴƻǘȅǇŜǎ ōŀǎŜŘ ƻƴ ƳǳƭǘƛŘƛƳŜƴǎƛƻƴŀƭ ƛƴŘƛŎŀǘƻǊǎΦ /ƭǳǎǘŜǊƛƴƎ ǳǎŜǎ 

machine learning algorithms to identify patterns within data in the absence of group labels 

(e.g. disorder groups). This approach has already demonstrated promise in other areas of 

psychopathology, identifying common neurobiological profiles in previously heterogeneous 

conditions including psychosis (Clementz et al., 2016), mood-related disorders (Grisanzio et 

al., 2018; Tokuda et al., 2018) and panic disorders (Pattyn et al., 2015). 

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

ǘƻ ŦƻǊƳ ǘƘǊŜŜ ŘƛǎǘƛƴŎǘƛǾŜ άōƛƻǘȅǇŜǎέ ƻŦ ǇǎȅŎƘƻǎƛǎ ǿƘƛŎƘ ǿŜǊŜ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ƻƴ ƭŜǾŜƭǎ ƻŦ 

cognitive control and sensorimotor function. Biotype one showed severe deficits on 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 reductions throughout 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 regions (Figure 

5.4.1). Comparatively, DSM diagnostic categories (i.e. schizophrenia versus schizoaffective 
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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 conventional diagnoses, 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 systems interact 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 treatments for biotype one should be directed to compromised cognitive control and 

correcting sensorimotor disruptions.  

 

 

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

exhibiting the most widespread gray matter reductions, biotype 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 from (Clementz et al., 2016).  

 

More recently, Grisanzio & colleagues (2018) applied a similar approach to explore 

transdiagnostic affect-related symptoms across multiple levels of function. Participants 

either had a primary diagnosis of major depression, panic disorder, post-traumatic 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, electroencephalography (EEG) brain activation at rest and during 

ŀƴ ŜƳƻǘƛƻƴŀƭ ǇŀǊŀŘƛƎƳΣ ǎƻŎƛŀƭ ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜΦ CƻǊ ŜȄŀƳǇƭŜΣ ǘƘŜ άŀƴȄƛƻǳǎ 

ŀǊƻǳǎŀƭέ ǎǳōǘȅǇŜ ǿŀǎ ŘƛǎǘƛƴƎǳƛǎƘŜŘ ōȅ ǇƻƻǊ Řŀƛƭȅ ŦǳƴŎǘƛƻƴƛƴƎ ŀƴŘ ǘƘŜ ƎǊŜŀǘŜǎǘ ƭŜǾŜƭ ƻŦ 

cognitive impairment, whƛƭŜ ǘƘŜ άƎŜƴŜǊŀƭ ŀƴȄƛŜǘȅέ ǎǳōǘȅǇŜ ǿŀǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŜƭŜǾŀǘŜŘ 

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 conceptualization of mood symptoms.  

This work demonstrates multidimensional indicators related to affect can be used to 

identify hidden phenotypes. However, unlike work by Clementz & colleagues (2016), this 

investigation did not evaluate the neurobiological validity of phenotypes using brain imaging 

measures. There is often considerable variability associated with cognitive and biological 

data. Therefore, when data-driven clustering is applied to this data, it may yield phenotypes 

that are unrelated to psychiatric pathology and instead reflect nuisance variance associated 

with the data (Dinga et al., 2019). On way to overcome this limitation is to assess the 

neurobiological validity of the phenotypes, by examining for meaningful brain-based 

differences between phenotypes, as was done by Clementz & colleagues (2016). Study Two 

(Chapter 7) of the current thesis utilises a similar data-driven approach to reclassify 
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heterogenous compulsive behaviours and assesses the neurobiological validity of 

discovered phenotypes using amygdala-based resting-state fMRI. Identifying novel and 

biologically meaningful phenotypes has the potential to inspire new and specific theories of 

compulsivity that could be further investigated.  
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CHAPTER SIX 

6. Study One: The role of Experiential Avoidance in Transdiagnostic Compulsive 

Behaviour: A Structural Model Analysis  

6.1. Introductory comments  

¢Ƙƛǎ ŎƘŀǇǘŜǊ ǇǊŜǎŜƴǘǎ ŀ ǊŜǎŜŀǊŎƘ ŀǊǘƛŎƭŜ ŜƴǘƛǘƭŜŘ ά¢ƘŜ ǊƻƭŜ ƻŦ 9ȄǇŜǊƛŜƴǘƛŀƭ !ǾƻƛŘŀƴŎŜ 

ƛƴ ¢ǊŀƴǎŘƛŀƎƴƻǎǘƛŎ /ƻƳǇǳƭǎƛǾŜ .ŜƘŀǾƛƻǳǊΥ ! {ǘǊǳŎǘǳǊŀƭ aƻŘŜƭ !ƴŀƭȅǎƛǎέΣ ǿƘƛŎƘ Ƙŀǎ ōŜŜƴ 

accepted for publication by the Journal of Addictive Behaviors. This study focussed on 

transdiagnostic compulsive behaviours within the community and determining whether 

there was association between compulsivity and EA.  

A novel method was utilised to assess compulsive behaviour, whereby diagnostically 

accepted behaviours related to OCD (i.e. cleaning, checking for harm and achieving 

symmetry), alcohol addiction and gambling addiction, as well as emerging concepts of 

eating and shopping addiction were assessed using adapted versions of the Yale-Brown 

Obsessive-Compulsive scale. These behaviours were chosen to encompass both common 

OCD- and addiction-related behaviours. For the addiction related behaviours, we sought to 

include a spread of subtypes (i.e. substance, behavioural and non-diagnostic behavioural). 

Although other prevalent behaviours such as internet/ gaming/ social networking could be 

conceptualized as compulsive behaviours, the exact nature and status of internet-related 

behaviours is not yet clear (Ioannidis et al., 2016) and there may be subtypes embedded 

within the problematic internet use continuum (Tiego, Lochner, et al., 2019). Therefore, we 

selected domains where the nature of the behaviour was well defined and understood.  This 

is the first-time compulsivity has been assessed using adapted Y-BOCS. This approach is 

advantageous as it allows for a broad range of behaviours to be captured on the same 
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measurement scale, providing an overall indication of compulsive thoughts and behavioural 

patterns irrespective of the type of behaviour.  

The nature of the relationship between compulsivity and EA was empirically tested 

using a sophisticated statistical technique called Structural 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. single variables, observed) variables. Using this 

approach, we attempted to delineate the processes through with EA and distress influence 

transdiagnostic compulsive behaviour.  

 

 

 

 

 

 

 

6.2 The role of Experiential Avoidance in Transdiagnostic Compulsive Behavior: A Structural Model Analysis 
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