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Abstract
Objective: Recent findings suggest phenomenological similarities across gambling and
obsessive-compulsive disorders. The key similarity between the disorders is the failure to inhibit
or control a repetitive behavior (or urges to engage in a behavior) and intrusive thoughts. Our
current understanding of the neural pathophysiological mechanisms linking gambling and
obsessive-compulsive disorders is limited. Thus, the aim of the present study was to examine the
functioning of frontostriatal brain regions that support self-regulatory control in adults with
gambling and obsessive-compulsive disorders.
Methods: The study compared functional magnetic resonance imaging blood oxygen level
dependent response in 19 adults with pathological gambling (PG), 29 adults with obsessivecompulsive disorder (OCD) and 34 healthy control participants (HC) during performance of a
Simon Spatial Incompatibility task. Patterns of brain activation associated with correct responses
to conflict stimuli were compared across the groups, and associations of activation and clinical
characteristics were explored.
Results: Behavioral performance on the Simon task did not differ across the three groups, but
group differences in conflict-related activations were observed. In contrast to HCs, PG
participants showed conflict-related deactivation of the right inferior frontal gyrus (IFG) and
amygdala, and OCD participants showed deactivation of the bilateral IFG, bilateral middle
occipital gyri, bilateral cuneus, right amygdala, left hippocampus and left fusiform. Deactivation
of right IFG was negatively associated with illness duration in the PG group. No significant
differences in conflict-related activation between PG and OCD were detected.
Conclusion: Adults with gambling and obsessive-compulsive disorders displayed deactivation
of right inferior frontal gyrus when engaging in control processes needed to resolve conflict. This
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finding suggests that deficient activation of top-down prefrontal regions may be a possible
endophenotype for compulsivity across these disorders.
Keywords: FMRI, Gambling, Inferior Frontal Gyrus (IFG), Obsessive-compulsive disorder,
Self-regulatory control, Simon task
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INTRODUCTION
In the past decade there has been considerable debate about whether gambling disorder is
a form of obsessive-compulsive spectrum disorder (OCD) or a nonsubstance behavioral
addiction disorder (Blanco et al., 2001). Some researchers associate compulsivity with gambling
disorder and OCD and argue that gambling disorder be placed with obsessive-compulsive (OC)
spectrum (Hollander & Wong, 1995), whereas others argue that given the biological features and
treatment approaches similar to substance use disorders (Potenza, 2006; Petry, 2006a; Leeman &
Potenza, 2012; Bullock & Potenza, 2012), gambling disorder should be classified with disorders
of addiction. The American Psychiatric Association (APA) (2013) settled this debate with its
new psychiatric nosology placing gambling disorder as a behavioral addiction with substance
and addictive disorders. It placed OCD with other compulsive and impulsive disorders and
removed it from the anxiety disorder category. However, the overlap between the compulsive
and impulsive nature of these two pathologies suggests a shared tendency towards cognitive and
behavioral disinhibition. The comorbidity between gambling disorder and OC spectrum disorder
within the same individual (Cunningham-Williams et al., 1998; Potenza et al., 2009) and
phenotypic and genetic overlap within families (Scherrer et al., 2015) also suggest shared
pathophysiological mechanisms.
Pathological gambling (PG) was first recognized in 1980 by the APA as a behavioral
disorder and classified under impulse control disorder in Diagnostic and Statistical Manual of
Mental Disorder III (DSM-III), and it remained in the same classification in the text revision of
DSM-IV TR (APA, 2000). An essential feature of PG was the persistent recurrent maladaptive
gambling behavior that disrupts personal, family, and/or vocational functioning, which was not
better accounted by a manic episode (DSM-IV TR, 2000). However, with recent research
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findings recognizing commonalities of PG to substance-related disorders with clinical
expression, brain origin, physiology, and treatment, pathological gambling was placed under the
substance-related and addictive disorders category in DSM-5 as a nonsubstance addictive
disorder (American Psychiatric Association, 2013). Similarities between gambling and substance
use disorders (SUD) include urges/craving, poor impulse control, and disadvantageous decisionmaking (Leeman & Potenza, 2012; Potenza, 2006; Potenza, 2008). In DSM-5, pathological
gambling was renamed gambling disorder. Pathological gambling has been estimated to affect
0.2-2.0% of the general adult population with higher estimates reported in young adults and
adolescents (Shaffer et al., 1999; Petry et al., 2005; Brezing et al., 2010; Desai & Potenza, 2008).
Neuroimaging findings have implicated ventromedial prefrontal cortex, orbitofrontal cortex, and
ventral striatal in the pathophysiology of gambling disorder (Potenza, 2008).
OCD is characterized by intrusive thoughts, images, or impulses (obsessions) and
repetitive acts that are performed to prevent or reduce distress caused by these obsessions
(compulsions). Obsessions and compulsions are hypothesized to result from a failure to inhibit or
control thoughts and behaviors (Chamberlain et al., 2005). In DSM-IV TR (APA, 2000), OCD
was placed with anxiety disorder, however with new research findings suggesting
phenomenological differences between OCD and anxiety disorder, and greater similarities across
other disorders characterized with obsessive preoccupation and repetitive behaviors, OCD was
placed as an independent entity within the continuum of correlated compulsive-impulsive
disorders in DSM-5 (APA, 2013). Hoarding disorder, excoriation (skin-picking) disorder, body
dysmorphic disorder, and trichotillomania (hair pulling disorder) are the other disorders in the
obsessive compulsive and related disorder category under the new psychiatric classification
(APA, 2013). OCD affects approximately 1-3% of the general population worldwide and is
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associated with significant impairment in personal, social and occupational functioning (Kessler
et al., 2005; Fontenelle et al., 2006; Ruscio et al., 2010). About 50 percent of these cases emerge
during childhood or adolescence (Flament et al., 1988; Nestadt et al., 2000). Neuroimaging
findings implicate orbitofrontal, anterior cingulate gyrus, and caudate nucleus in the
pathophysiology of OCD (Marsh et al., 2014).
Self-regulatory capacities comprise the ability to control self and environment
(Baumeister, 1998). Disturbances in frontostriatal brain circuits that support self-regulatory
processes contribute to development of a variety of psychiatric disorders in which individuals
have difficulty controlling their cognitive, affective, and motoric behaviors (Marsh et al., 2006).
These self-regulatory control disturbances can cause an impulse to move or perform some kind
of compulsory behavior or to act on various drives. Impulsivity associated with risk-seeking and
compulsivity associated with harm-avoidance were previously seen as opposites (Hollander &
Wong, 1995), but recent neurocognitive studies suggest an orthogonal relationship (Tavares &
Gentil, 2007), sharing neuropsychological mechanisms involving dysfunctional inhibition of
thoughts and behaviors, resulting from failure in cortical control of frontostriatal circuitry or
from over-activity within striatal neural circuitry (Fineberg et al., 2014).
Our current understanding of the neural pathophysiological mechanisms linking OCD
and gambling is limited. In the past decade PG has gained momentum in the neuroscience world,
and various approaches were utilized to study the neural bases for gambling. Most functional
neuroimaging studies have utilized paradigms focusing on reward and punishment and cue
reactivity used in addiction research to understand the neural substrates of gambling. Very few
functional neuroimaging studies have assessed self-regulation using a cognitive task in gambling,
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with no concurrent study examining the frontostriatal functioning subserving self-regulation
across diagnostic groups characterized by different compulsions.
The literature review that follows features clinical theory and functional neuroimaging
research pertaining to self-regulation in PG and OCD. The first section covers self-regulatory
capacities in humans and the underlying neural underpinnings. Then, theoretical models of
gambling and functional neural correlates of self-regulation in gambling are presented. The
section that follows reviews the theoretical models of OCD and functional neural correlates of
self-regulation in OCD. Associations between gambling and OCD in the literature thus far will
be discussed. Finally, gaps in the literature linking gambling and OCD will be presented to
support the present study, and research questions and hypotheses aimed at forming clearer
associations between the two psychopathologies will be proposed. The subsequent chapters will
use pathological gambling (PG) given past research and the present study were conducted using
PG based on DSM IV-TR classification.
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LITERATURE REVIEW
Self-Regulatory Control
Controlling socially inappropriate impulses and actions are vital for everyday
functioning. Most societal problems stem from a person’s inability to regulate (or control) her
cognitive, affective, and motoric impulses. Freud proposed development of ego and superego
mechanisms to regulate our unconscious impulses (Freud, 1920). Self-regulation is a complex
mechanism that operates through various cognitive processes including self-monitoring, goal
setting, judgment, self-appraisal, and affective self-reaction (Bandura, 1991), and the ability to
ignore the impulse to seek immediate gratification in order to obtain larger more delayed rewards
(Mischel et al., 1989). Individuals must engage in self-regulatory control to organize their
perceptions, feelings, memories, and thoughts during planning, execution, and monitoring any
goal-directed behavior in the context of competing urges or situational demands (Tucker et al.,
1995; Posner & Rothbart, 2000; Peterson, 2005). One of the essential features of self-regulatory
control is “inhibition”, which subsumes an executive control mechanism and utilizes various
cognitive and motor responses to inhibit or change an action to achieve a goal (Eagle et al., 2008;
Heatherton, 2011).
Humans have a remarkable ability to control their impulses, however, failure to regulate
these impulses is common, and such failures can cause various societal problems such as obesity,
addiction, sexual predation, and so on (Heatherton, 2011). From a clinical perspective, deficits in
self-regulatory control mechanisms contribute to development of various psychiatric disorders.
Dysfunctional inhibitory control has been characterized in disorders characterized by
“impulsivity,” including attention deficit and hyperactive disorder, Parkinson’s disease,
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schizophrenia, obsessive-compulsive disorder (OCD), Tourette’s syndrome, and chronic
substance abuse (Eagle et al., 2008; Marsh et al., 2009).
Functional neural correlates of self-regulatory control
Technical advancement in neuroimaging methods has permitted administration of various
neurocognitive tasks in the scanning environment. Experimental paradigms using self-regulatory
processes within the scanning environment require participants to resolve behavioral conflict,
i.e., to inhibit a more automatic behavior in favor of a less automatic one (Marsh et al., 2009).
Neurocognitive tasks that require conflict monitoring and response inhibition, including Stroop
(Stroop, 1935), flanker (Eriksen & Erisken, 1974), and stop signal tasks (Lappin & Eriksen,
1966), have been used to study the neural correlates of self-regulatory control processes in both
health and illness (Peterson, 2000). One of the most commonly used self-regulatory tasks is the
Stroop task, which requires participants to inhibit word reading in favor of less automatic
behavior, naming the color of letters. In the congruent condition of the task, a target word
matches the color of the ink in which letters are printed (e.g. “R-E-D” in red ink), and
participants perform the task easily with rapid responses and infrequent errors. On the
incongruent condition of the task, the target word does not match with the color of the ink of the
printed letters (e.g. “R-E-D” in blue ink), and participants face difficulty performing the task,
with slower responses and more frequent errors. Response inhibition on this task requires the
engagement of attentional resources to resolve the conflict between word reading and color
naming.
The Stroop task requires a verbal response, which impedes the online monitoring of
performance during scanning. The Simon spatial incompatibility task (Simon, 1969) overcomes
this limitation by requiring participants to indicate the direction in which an arrow is pointing
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(left or right) using one of two possible button responses. On the congruent condition of the task,
the side that the arrow appears matches the direction the arrow points (e.g., a leftward pointing
arrow on the left side of the screen), and participants perform the task rapidly with few errors.
On the incongruent condition of the task, the direction of the arrow does not match with the side
of the screen (e.g., a leftward arrow pointing on the right side of the screen), and participants
perform the task slowly with more errors. The Simon task is considered a nonverbal analogue of
the Stroop task, both requiring the engagement of self-regulatory control to inhibit a more
automatic impulse in favor of a less automatic one, and to resolve conflict between two stimulus
features.
Neuroimaging evidence implicates frontostriatal circuits in self-regulation in both health
(Diamond, 1988) and pathology (Peterson, 2000; Marsh et al., 2009). Frontostriatal circuits
consist of the cortico-striato-thalamo-cortical (CSTC) loops that transmit information from the
cerebral cortex to the subcortical regions, and then back again to specific cortical regions
(Alexander et al., 1986; Alexander 1990). Alexander and colleagues (1986) proposed the
existence of five loops whose target areas are (a) supplementary motor area (SMA), (b) frontal
eye fields (FEF), (c) dorsolateral prefrontal cortex (DLPFC), (d) lateral orbitofrontal cortex
(OFC), and (e) anterior cingulate cortex (ACC). SMA, FEF, and DLPFC loops pass through the
dorsal striatum, whereas the lateral OFC and ACC loops pass through the ventromedial striatum,
including nucleus accumbens (Alexander et al., 1990). Frontostriatal circuits, including the
projections from ventral prefrontal cortex (VPFC) and ACC to basal ganglia, mediate selfregulatory functions (Tucker et al., 1995; Posner & Rothbart, 1998; Bronson, 2000; Peterson et
al., 2000; Peterson et al., 2001; Peterson et al., 2003), whereas projections from VPFC to
amygdala (Amaral & Price, 1984) and hippocampus (Ongur et al., 1998) in the mesial temporal
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lobe have been implicated in regulation of emotion (Beauregard et al., 2001; Davidson et al.,
2002; Ochsner et al., 2002; Hariri et al., 2003; Phillips et al., 2003; Levesque et al., 2004).
Dorsal striatum mediates habit learning (Packard & Knowlton, 2002), whereas ventral striatum
facilitates drive, reward, and motivation (Wise, 2004). Prefrontal cortical components of these
pathways mediate regulation of thought and behavior (Miller & Cohen, 2001).
The Stroop task is the most commonly used neurocognitive paradigm to study the neural
basis of response inhibition and conflict resolution. Functional neuroimaging (FMRI) studies of
healthy adults show increased activation of anterior cingulate and prefrontal cortices and the
striatum during responses to incongruent, compared to congruent, stimuli (Prado et al., 1990;
Peterson et al., 1999; Carter et al., 2000; MacDonald et al., 2000; Leung et al., 2000; Milham et
al., 2002; Marsh et al., 2009). The Simon task elicits similar patterns of brain activation
(Peterson et al., 2002). Trial sequence (i.e., the alteration or repetition of congruence between
current and preceding trials) on a self-regulatory control task also influences frontostriatal
activations (Botvinick et al., 1999; Ullsperger et al., 2005; Mansouri et al., 2007). Activation of
frontal regions is greatest in response to incongruent preceded by congruent stimuli in healthy
individuals (Gratton et al., 1992; Horga et al., 2011; Marsh et al., 2014).
Models of Gambling
Disordered gambling, now classified as behavioral addiction in DSM 5 (APA, 2013), is
characterized by impulsive and compulsive behaviors that negatively affect personal, social, and
occupational functioning. Pathological gambling (PG) is the most severe form of problem
gambling, and in the new psychiatric classification (DSM 5) it shares similar criteria with
substance use disorder (SUD), including tolerance, withdrawal, unsuccessful attempts to quit,
and interference with daily functioning (Potenza, 2014). However, “cravings,” a symptom
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criterion for SUD, is not listed as a criterion for gambling disorder, despite the presence of
gambling urges in individuals with gambling disorder (Grant et al., 2008).
Various theoretical approaches, including single theory or integrated model, offer
explanations for the etiology of disordered or pathological gambling. The psychodynamic
perspective utilizing case studies views PG as a symptom of unresolved unconscious conflicts,
(Blaszczynski & Nower, 2002) and as manic defense against helplessness and depression (Boyd
& Bolden, 1970; Rosenthal, 2008). Some psychoanalysts explain PG as a grandiose narcissistic
fantasy and need to deny feelings of smallness and helplessness (Simmel, 1920), whereas others
argue that gamblers turn to fate or “lady luck” to be loved and accepted in response to early
parental loss (Greenson, 1947). Rooted in a man’s ambivalence toward his father, Freudian
theory (1928) suggests that gamblers unconsciously want to lose, and losing is a way to punish
oneself to atone guilt and find a way to be loved and accepted. Bergler (1958) expanded Freud’s
theory of masochism to propose PG as a rebellion against the authority of parents and the
gambler’s pseudo-aggression as a craving for defeat and rejection (Rosenthal, 2008).
Psychodynamic approaches see PG along the lines of addictions and perversions as compulsive
neurosis or impulse disorder, with gamblers distinct from their non-disordered counterparts
(Blaszczynski & Nower, 2002).
From a behavior theory perspective, PG is a learned pattern that is highly resistant to
extinction. Gambling is a behavior governed by contingencies of positive and negative
reinforcement under conditioning (Anderson & Brown, 1984; Dickerson, 1979; McConaghy,
1980). The principles of intermittent or variable reinforcement schedule, the most potent
reinforcement schedule of operant conditioning, could explain gamblers continued compulsive
gambling despite excessive losses. Learning theories account for why an individual learns and
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maintains a gambling behavior, but does not explain why only a small percentage of individuals
progress to pathological gambling or processes that escalate to recreational to disordered
gambling (Rickwood et. al., 2010).
Cognitive theory argues for the importance of the role of distorted and irrational beliefs
and schemas for PG. Cognitive distortions (e.g., illusions of control, expectations of wins after
losing streaks known as gambler’s fallacy) related to randomness and probabilities and faulty
causal associations contribute to the development and maintenance of pathological gambling
(Ladouceur & Walker, 1996; Petry, 2005a, Sharpe & Tarrier, 1993; Toneatto et al., 1997;
Rickwood et al., 2010). Similar to behavior perspective, cognitive theory does not account for
the transition from recreational to pathological gambling.
Personality research suggests certain specific personality traits, such as impulsivity,
sensation-seeking, and risk-taking, may modulate gambling behavior and act as risk factors in
the etiology of PG (Blaszczynski et al., 1997, Blanco et al., 2009; Rickwood et al., 2010).
Existing studies have reported high rates of personality disorders, particularly Cluster B
(narcissistic, antisocial, and borderline), among individuals with PG (Specker et al., 1996; Desai
& Potenza, 2008), although no consistent unique patterns have emerged (Rickwood et al., 2010).
The integrated model of PG accounts for biological, psychological, and ecological
variables. Reformulating the biopsychosocial cognitive behavior model, Sharpe (2002) proposed
a descriptive diathesis stress model for pathological gambling that accounts for predisposing
genetic and biological vulnerabilities (e.g., changes in neurotransmitters, psychological traits
such as impulsivity); environmental influences (e.g., family attitudes to gambling), exposure to
gambling, early gambling win/loss experiences, arousal (conditioning), cognitive biases (e.g.,
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gamblers fallacy, i.e. expecting wins after losing streak), and coping strategies (e.g., poor coping
strategies) for pathological gambling.
Based on complex multiple variables, including biology, personality, ecological, etc.
Blaszczynski and Nower (2002) proposed a pathway model of problem and pathological
gambling. This model uses underlying motivation and benefits derived from gambling to
determine three subtypes of gamblers: (a) behaviorally conditioned (for this group, conditioning
and cognitive processes are primary etiological factors); (b) emotionally vulnerable,
characterized by mood disturbances, poor coping skills, social isolation, and low self esteem (for
this group gambling serves as a function of emotional escape); and (c) antisocial impulsivist (for
this group genetic and neurochemical factors contribute to impulsivity and need for stimulation).
Within this model, the authors also suggest that behaviorally conditioned gamblers benefit from
minimal intervention programs, while biologically driven antisocial and impulsivist gamblers are
less motivated to attend treatment and respond poorly to any intervention. The emotionally
vulnerable gamblers are most resistant to change, and thus, treatment should address both
emotional vulnerabilities and gambling. Integrated models of disordered gambling are gaining
empirical importance (Rickwood et al., 2010).
The addiction model is the current dominant theoretical framework used to explain
disordered gambling and is based on the similarities in motivation, behavior, and consequences
found among SUDs (Rickwood et al., 2010). The high rates of comorbidity between PG and
substance use (Petry, 2005) and similarities found between the neurobiological activity and
genetic abnormalities among individuals with gambling and SUDs suggest causal overlap.
Neurocognitive and personality findings suggest that, similar to individuals with SUDs,
individuals with PG display impaired risk decision-making and impulse control (Lawrence et al.,
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2009), and score high on sensation seeking and low on harm avoidance (Verdejo-Garcia et al.,
2008; Leeman & Potenza, 2012). Additionally, individuals with PG and SUDs show steep delay
discounting (they seek small, immediate rewards rather than larger, delayed rewards, i.e.,
delayed gratification) (Reynolds, 2006). Genetic studies also point to shared genetic vulnerability
between PG and addictions (Shah et al., 2004).
Functional neuroimaging studies evidence a shared functional activity in the prefrontal
regions between PG and SUDs. Most neuroimaging studies have examined reward processing,
cue-reactivity, delay discounting (with delayed reward and risky choice) and decision-making
using tasks such as Iowa gambling task (IGT, a tool to assess decision-making involving risk and
reward) to study the neural commonalities between PG and SUDs. Diminished activity within
the dopaminergic mesolimbic pathway or the reward pathway is displayed in both gambling and
drug addictions. Small, immediate rewards preferentially activated the ventral striatum and
ventromedial prefrontal cortex (vmPFC) in gambling and SUDs (McClure et al., 2004; Reuter et
al., 2005). Conversely, diminished activation in the vmPFC, insula and ventral striatum during
the anticipatory phase of reward processing was seen in PG, and ventral striatal activation was
inversely correlated with impulsivity (Baldois et al., 2012). Similarly, diminished activation of
ventral striatum during anticipation of monetary rewards has been reported in individuals with
alcohol or cocaine dependence (Hommer, 2004; Wrase et al., 2007; Pearlson et al., 2007).
Decision-making in PGs has displayed both deactivation (Balodis et al., 2012; Brevers et
al., 2016; Choi et al., 2012; Reuter et al., 2005, Tanabe et al., 2007) and activation in the right
caudate, OFC, vmPFC, superior frontal gyrus, amygdala, and hippocampus (Power et al., 2012).
Increased activation of the ventral striatal and posterior cingulate activity in both problem and
occasional gamblers was demonstrated during wining money compared with losing money
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during a game of black jack (Miedl et al., 2010). On a modified card deck paradigm assessing
decision-making under risk (where participants knew the probability of reward) versus ambiguity
(where participants were unaware of probability of rewards) decreased activity in the right
globus pallidus was observed in adults with PG compared to healthy controls (HCs), whereas
adults with PG showed increased activation in the right putamen before choosing to “bet” versus
“sure pay off” (Brevers et al., 2015). These contrasting findings may be attributed to differences
in the task used, task designs, participants, and context in these studies.
Functional neural correlates of self-regulatory control in gambling
Neuropsychological findings show evidence of deficits in attention, learning, planning,
decision-making, and impulse control (Rugle & Melamed, 1993; Lawrence at al., 2009) in PG.
Interference problems on the Stroop task in individuals with PG compared to healthy controls are
noted (van Timmeren et al., 2018). To date three neuroimaging studies have examined conflict
monitoring and response inhibition (Potenza et al., 2003a; de Ruiter et al., 2012; van Holst et al.,
2012a) in PG (Moccia et al., 2017).
Potenza and colleagues (2003a) investigated conflict monitoring and response inhibition
in PG using the Stroop task (Potenza et al., 2003a). Despite the similar behavioral performance
and overlapping activity in cingulate cortex, VLPFC, insula and thalamus across patients with
PG (n=13) and healthy participants (n=11), those with PG showed decreased activity in the left
vmPFC in response to incongruent stimuli (Potenza et al., 2003a, Figure 2.1). However, this
study did not examine the correlation between the severity of gambling symptoms and conflictrelevant deactivation.

13

Figure 2.1. Activation differences in pathological gamblers and comparison subjects following presentation of
incongruent stimuli (Stroop Task) (Potenza et al., 2003a, p.1992)

Another FMRI study utilized an affective go/no-go paradigm with gambling-related,
neutral, positive and negative pictures to assess response inhibition in 16 male problem gamblers
and 15 male HCs. It found accuracy scores in problem gamblers were similar to HCs during
positive, negative and neutral blocks, but mean reaction times were slower in problem gamblers
during positive and negative pictures (van Holst et al., 2012a). Nevertheless, problem gamblers
made significantly less impulsive errors while watching gambling related pictures. Activation of
bilateral DLPFC and right ACC was decreased in problem gamblers on neutral go versus neutral
no-go trials. Similarly, for gamble no-go versus neutral no-go trials, a decreased activation of
bilateral DLPFC and right ACC was detected in problem gamblers compared to HC (van Holst et
al., 2012). During positive versus neutral no-go trials problem gamblers compared to HC showed
decreased BOLD (blood oxygen-level dependent) signal in bilateral DLPFC and left VS. Finally,
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on negative versus neutral no-go trials decreased BOLD signal in right DLPFC and left ACC
was detected for problem gamblers compared to healthy controls (van Holst et al., 2012a).
To assess the influence of affective stimuli over changes in functional connectivity
associated with response inhibition, this study further re-analyzed the data (van Holst et al.,
2012b). On neutral inhibition problem gamblers demonstrated lower functional connectivity
compared to healthy control between the left caudate and occipital cortex (van Holst et al.,
2012b). A stronger positive correlation between responsive inhibition accuracy and functional
connectivity between the left caudate and bilateral medical frontal cortex was detected in
problem gamblers compared to HCs during gamble no-go versus neutral no-go. Positive no-go
versus neutral no-go problem gamblers compared to HCs showed greater functional connectivity
between left caudate and occipital cortex, while in negative no-go versus neutral no-go trials
problem gamblers showed increased functional connectivity compared to HCs between left
caudate and right ACC (van Holst et al., 2012b).
van Holst and colleagues (2012b) assessed the impact of affective stimuli on response
inhibition while, another study examined the neutral correlates for response inhibition in 17
adults with problem gambling, 18 adults with heavy smoking, and 17 HCs utilizing a neutral stop
signal task (de Ruiter et al., 2012). No differences in behavioral performance across the three
groups were found, however, deactivation in DMPFC in problem gamblers and heavy smokers
was detected compared to HCs in successful and failed response inhibition trials versus controls
(de Ruiter et al., 2012). The deactivation in DMPFC negatively correlated with gambling
symptom severity.
In summary, despite the methodology heterogeneity and similar behavioral performance
these functional neuroimaging studies assessing response inhibition and conflict monitoring
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evidence a trend of deactivation in the prefrontal areas including vmPFC, ACC, DLPFC and
DMPFC in PG. Only one study with a comparable SUD group (de Ruiter et al., 2012) suggests
similar dysfunction in prefrontal areas in both behavioral and gambling addiction, and this
dysfunction correlated negatively to severity of symptoms. However, no concurrent
neuroimaging study has assessed self-regulation in gambling with other disorders characterized
with compulsivity and impulsivity. Further, neuroimaging research in PG is required to
understand the role of other neural circuits in the pathophysiology of this compulsive disorder
and how it may be targeted therapeutically.
Models of obsessive-compulsive disorder
Obsessive-compulsive disorder (OCD) is classified in DSM 5 (APA, 2013) as an
independent entity with other disorders of obsessional cognitions and repetitive behaviors under
the category of obsessive-compulsive spectrum related disorders. OCD is characterized by
intrusive, recurrent and persistent thoughts, urges and impulses known as “obsessions,” and
repetitive behaviors to neutralize or prevent these obsessions known as “compulsions.” These
obsessions and compulsions can be distressing and can significantly impact everyday
functioning.
Various theories have proposed a framework for the development of OCD. Through the
psychoanalysis of “Rat Man,” Freud (1909) theorized that obsessive and compulsive actions
result from unconscious conflict, which leads to development of defense mechanisms that may
produce OCD. According to the psychoanalytic view, obsessive-compulsive actions result from
the conflict between the id impulses (to let go) and the ego (to control or withhold) of the anal
phase of the psychosexual stage (Freud, 1920). Within this framework a person with OCD is
thought to be fixated in the anal stage. This theoretical model was the first to point out that
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obsessional thought and compulsive behavior is motivated by factors beyond one’s awareness
and/or control (Fornaro et al., 2009).
The behavioral perspective of OCD derives from two-factor of avoidance learning theory
(Mowrer, 1947). According to this theory, neutral stimuli become associated with aversive
stimuli through classical conditioning and produce anxiety, which is neutralized by indulging in
compulsive behavior. Once this association becomes stronger, avoidance responses and
compulsive behaviors are resistant to extinction. Cognitive theories view OCD developing as a
result of irrational and dysfunctional beliefs (Rachman, 1997; Salkovskis, 1996). Furthermore,
obsessions result from misinterpretations (e.g., overestimation of threat, intolerance of
uncertainty) of unwanted intrusive thoughts. Cognitive and behavior models have been able to
identify factors that contribute and maintain obsessional thoughts and compulsive acts, and, thus,
generate various approaches (e.g., exposure and response prevention; Foa et al., 1984) to treat
OCD. Nonetheless, these models are not helpful in explaining why people with OCD develop the
disorder to begin with.
Biological causal factors, including brain abnormalities, have been linked to the etiology
of OCD. Unlike PG, the pathophysiology of OCD has been extensively investigated by various
neuroimaging methods. The CSTC loops involving the OFC and ACC have been implicated in
the pathophysiology of OCD (Saxena & Rauch, 2000). OCD results from an imbalance between
the “direct” (net effect is excitatory) and “indirect” pathways (net effect is inhibitory) through
basal ganglia (Baxter et al., 2001; Saxena et al., 2001; Saxena et al., 1998; Saxena & Rauch,
2000). Excessive relative activity in the direct pathway in CSTC loops has been suggested to
result in a positive feedback loop in which obsessive thoughts become “trapped” (Baxter et al.,
2001; Saxena et al., 2001; Saxena et al., 1998; Saxena & Rauch, 2000). While this model
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explains why patients engage in obsessions, it does not necessarily explain why patients have
specific obsessions as opposed to obsessing about everything. Additionally, it does not address
why some patients may obsess over germs and wash compulsively, whereas others may obsess
over locked doors and check the locks compulsively.
Functional neural correlates of self-regulatory control in obsessive-compulsive disorder
Neuropsychological findings suggest impaired inhibitory control of behavior and
cognitions in OCD (Bannon et al., 2002; Chamberlain et al., 2005) and OCD symptomology
encompass the inability to shift and self-regulate attentional focus from obsessions, and failure to
inhibit compulsive behavior (Chamberlain et al., 2005). In other words, OCD is the consequence
of deficient inhibitory control, with obsessions arising from a failure to inhibit intrusive thoughts,
and compulsions arising from failure to inhibit certain behaviors (Chamberlain et al., 2005; Maia
et al., 2008). Self-regulatory control impairments on the Stroop task correlate with severity of
symptoms, suggesting the more severe OCD symptoms, the faster the patients with OCD
responded to the stimuli (Bannon et al., 2002).
FMRI studies have found abnormality in action- or error-monitoring on self-regulatory
control tasks in OCD. Patients with OCD (n=11) showed greater activation in the ACC during
high-conflict trials when compared with healthy controls (n=13) on a modified version of
continuous performance test (a test that measures attention, distractibility, and impulsivity), and
conflict- and error-related brain activity was positively correlated with severity of symptoms
(Ursu et al., 2003). On a flanker task patients with OCD (n=8) demonstrated greater error-related
activation of rostral ACC in compared to HC (n=7) and this activation was positively correlated
with YBOCS scores (Fitzgerald et al., 2005). Similarly, on a speeded reaction time selfregulatory task, hyperactivation was demonstrated in the rostral and caudal ACC, LPFC, and
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frontostriatal regions (lateral OFC, caudate, and thalamus, and portions of posterior cingulate
gyrus) among 14 patients with OCD when compared to 14 HCs on high-conflict trials (Maltby et
al., 2005). Increased activity in the caudate, cuneus, and precentral gyrus was demonstrated on
the go/no-go task in OCD (Morein-Zamir et al., 2016).
Nakao and colleagues (2005) examined neural activity in patients with OCD compared to
HCs during their performance in a Chinese version of the Stroop task. Additionally, they
compared cognitive function across the groups using various neuropsychological tests, including
the Wisconsin card-sorting task. Despite similar performances on neuropsychological tests, OCD
patients showed less action monitoring relevant activation in the ACC and right caudate nucleus
compared to HCs (Nakao et al., 2005). Conversely, patients with OCD compared to healthy
controls demonstrated increased activation in right precuneus, left parahippocamal gyrus, and
left brainstem using incongruent versus congruent color words on the Stroop task (van den
Heuvel et al., 2005). Another FMRI study assessed inhibitory control in 10 unmedicated adults
with OCD during performance of three tasks, which included go/no-go, motor Stroop task
(requires pressing color-coded buttons in the scanner), and the switch task (Page et al., 2009).
Similar behavior performances across the groups on the three tasks was noted. However, adults
with OCD demonstrated decreased activation in task-relevant OFC, DLPFC, striatal and
thalamic regions on the go/no-go and switch tasks, and decreased activation in temporo-parietal
areas on the motor Stroop and switch task (Page et al., 2009).
During response inhibition on the no/no-go task, patients with OCD compared to healthy
controls showed less activation in the inferior and medial frontal gyri (Roth et al., 2007).
Activity in the right OFC and dorsal ACC during response inhibition in a go/no-go task was
inversely correlated with symptom severity, whereas activity in thalamic and posterior cortical
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regions correlated positively with symptom severity (Roth et al., 2007). Medication and
comorbid depression did not drive the findings. These findings suggest that the frontal cortical
regions may be involved in suppression of OCD symptoms, whereas thalamic and related
circuitry may be involved in expression of OCD symptoms (Roth et al., 2007).
In an FMRI study, Marsh and colleagues (2014) assessed the functioning of frontostriatal
circuitry in 22 unmedicated participants with OCD during the performance of the Simon spatial
incompatibility task. Compared to HCs (n=22) participants with OCD showed greater activation
in the right hemisphere cluster of frontostriatal regions, including putamen, insula, and inferior
frontal gyrus, in response to postcongruent conflict (Marsh et al., 2014, Figure 2.2). These
activations in OCD participants were driven by their response to congruence (congruent or
incongruent) across trials (current or preceding) and not by conflict on the current trial.
Additionally, the activation in the right frontostriatal cortical region (associated with conflict
regulation) correlated positively with doubt/checking symptoms (Marsh et al., 2014).

Figure 2.2. Group average activations associated with postcongruent conflict on Simon Task (Marsh et. al., 2014, p.
4)

20

In summary, functional neuroimaging studies point to functional abnormalities in
prefrontal brain regions, which likely contribute to impaired regulation in OCD. Nonetheless,
discrepant findings with hyperactivation and hypoactivation within the frontostriatal and
temporoparietal areas are noted in OCD. These discrepancies are most likely due to methodology
heterogeneity, tasks used (e.g., Stroop, no/no-go), FMRI task design, and small sample. Studies
suggesting greater conflict-related activation in frontostriatal regions in OCD found positive
correlation between neural activation and severity of symptoms.
Associations between gambling and obsessive-compulsive disorders
Gambling and obsessive-compulsive (OC) disorders are both associated with intrusive
thoughts (Alegria, Bernardi & Blanco, 2010) and compulsive repetitive behaviors (Hollander &
Wong, 1995; Potenza, 2007; Tavares & Gentil, 2007; el-Guebaly et al., 2012). A key similarity
between PG and OCD is the failure to inhibit or control a repetitive behavior (or urges to engage
in a behavior) and intrusive thoughts. Compulsive behaviors in gambling similar to SUD are
considered ego-syntonic, i.e., they are often preceded by feelings of pleasure, gratification, or
relief at the time of committing the act, whereas compulsive behaviors in OCD are completed to
suppress or neutralize anxiety caused by ego-dystonic obsessional thoughts. However, the
pleasurable ego-syntonic nature in gambling (Potenza, 2009) and ego-dystonic nature of OCD
symptoms diminishes over time (Rasmussen & Eisen, 1992, Potenza, 2009).
Personality research suggests individuals with PG are impulsive and sensation-seeking
(Blaszczynski et al., 1997, Blanco et al., 2009), whereas individuals with OCD are more harmavoidant (Anholt et al., 2004). Nevertheless, individuals with PG exhibit features of
obsessionality/compulsivity and impulsivity, which tend to decrease with treatment (Blanco et
al., 2009; Bottesi et al., 2015). Impulsivity and compulsivity was initially conceptualized as
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extremes of unidimensional construct, with OCD on the compulsive extreme and antisocial
personality disorder on the impulsive extreme (Hollander & Wong, 1995). However, recent
studies propose an orthogonal relationship between the two constructs and organize psychiatric
disorders as “impulsive,” “compulsive (OCD),” and “impulsive-compulsive (gambling
disorder)” (Tavares & Gentil, 2007).
High comorbidity between PG and SUD has been reported by Cunningham-Williams et
al. (1998) and Petry et al. (2005), while Ruscio et al. (2010) reported elevated odds for impulse
control and SUDs in OCD. Scherrer and colleagues (2015) studied the association of genetic
correlation between PG and obsessive-compulsive classes among 1675 male twin pairs (45 to 60
years) from the Vietnam Era Twin Registry. The authors found phenotypic and genetic overlap
between obsessive-compulsive features and PG (Scherrer et al., 2015). Additionally, all PG
symptoms were more common in the severe obsessive-compulsive class, and 6 of 10 PG
symptoms were significantly more common in the severe obsessive-compulsive class (Scherrer
et al., 2015). Conversely, a study in Italy showed the sample of individuals with PG (n=300) that
were analyzed did not belong to the OCD (Petruccelli et al., 2014). The differences in these
findings can be attributed to methodological differences (e.g., genetics, self-report measures) and
sample size.
Current studies assessing brain circuitry suggest commonalities between PG and SUDs
(Potenza et al., 2006). Diminished activity within the dopaminergic mesolimbic pathway or the
reward pathway is displayed in both gambling and substance use disorders on tasks assessing
decision-making and reward-processing (Potenza, 2001; Potenza 2006; Reuter et al., 2005; van
Holst et al., 2010). Ventral striatum is activated during anticipation of the reward and anterior
insula is activated during loss of anticipation of reward, while the prefrontal regions (including
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the medial prefrontal and OFC) show greater activation in response to actual reward (Knutson et
al., 2001; Knutson & Greer, 2008). The dysfunctional reward system in the brain is associated
with PG and OCD. Only one concurrent neuroimaging study thus far has assessed reward
circuitry in individuals with PG, OCD, and HCs. Choi and colleagues (2012) compared brain
activity during reward anticipation in participants with PG, OCD, and HCs. Compared to the
patients with OCD and HCs, patients with PG showed decreased neural activation in the
ventromedial caudate nucleus during both gain and loss of rewards (Choi et al., 2012).
Additionally, reduced activation in anterior insula during anticipation of loss was observed in
patients with PG, which was intermediate between OCD and HCs. This group also found that
patients with PG fit the features of OCD associated with harm avoidance as pathological
gambling symptoms deteriorate. Thus, identified functional neural similarities and dissimilarities
in reward anticipation between patients with PG and OCD (Choi et al., 2012).
Frontostriatal circuits are implicated as dysfunctional in both OCD (Marsh et al., 2014)
and PG (Balodis et al., 2012) during tasks assessing conflict processing and resolution. On a selfregulatory task, frontostriatal hyperactivation is reported in OCD (Marsh et al., 2014) whereas
diminished activity in this frontostriatal circuitry is reported in PG (Potenza et al., 2003a).
Diminished activity in the inhibitory system may be associated with limited regards about future
and diminished ability, but hyperactivity in the inhibitory system may be associated with over
concern about future consequences (el-Guebaly et al., 2012; Lubman et al., 2004). Reduced
functional connectivity in inferior and superior OFC and dorsal medial premotor and cingulate
cortex was demonstrated in patients with OCD and patients with stimulant dependency in
compared to HCs, and patients with higher scores on compulsions demonstrated reductions of
right OFC (Meunier et al., 2012).
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Currently no psychopharmacological treatment for gambling is approved by Food and
Drug Administration (Yip & Potenza, 2014). The dysfunction in the serotonergic system in PG
was once the basis to consider PG as part of the OC spectrum (Alegria, Bernardi & Blanco,
2010; Pallanti et al., 2006). Similar to treatment of SUD, selective serotonin reuptake inhibitors
(SSRIs) have shown mixed results in treatment of PG (Hollander et al., 2005). However,
naltrexone, nalmefene, bupropion, and lithium used in treatment of SUD have been helpful in
treatment of PG (Black, 2004; Grant et al., 2006; Hollander et al., 2005; Kim et al., 2001). On
the other hand, naloxone and lithium have been inefficacious in treatment of OCD (Insel &
Pickar, 1983; McDougle et al., 1991). SSRI are more efficacious in OCD, and in conjunction
with cognitive-behavioral therapy is considered to be the first line of treatment of OCD
(Pittenger & Bloch, 2014). Cognitive-behavior therapy (CBT), motivational interviewing and
attending self help groups (gamblers anonymous) have been effective in treatment of PG and
SUD (Grant & Potenza, 2007; Hodgins et al., 2001; Petry, 2005b; Petry et al., 2006b; Sylvain et
al., 1997). Exposure and response prevention and systematic desensitization has been efficacious
in treating OCD and PG (Battersby, 2010; Echeburua et al., 1996; Grant et al., 2009; Neziroglu
et al., 2006; Oakes et al., 2008).
Bridging the Gap: The present study
Present neuroimaging findings suggest that PG resembles SUD more closely in its
prefrontal functioning. Most of the FMRI studies have assessed the dopaminergic mesolimbic
pathway or reward circuitry using arousal- and affect-laden stimuli, such as IGT. Additionally,
studies that aimed to assess cognitive control in PG have adopted the FMRI paradigm that
evaluated more than one neurocognitive domain. Many of the functional neural associations
between PG and SUD are correlational in nature, and neurobiological changes may reflect the
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consequence of repeated exposure to arousal- and affective-laden stimuli (Rickwood et al.,
2010). Current literature suggests phenomenological similarities across PG and OCD. Both
disorders are associated with intrusive thoughts and compulsive repetitive behaviors, with a
failure to inhibit these repetitive behavior and thoughts. Our current understanding of the neural
pathophysiological mechanisms linking gambling and obsessive-compulsive disorders is limited.
No concurrent functional neuroimaging study to date has investigated the neural basis of selfregulatory control across individuals with different forms of compulsions. Thus, the present
study used the Simon task, a cognitive control task, to assess self-regulatory control in adults
with PG and OCD, thereby advancing our understanding of the pathophysiology underlying
disorders characterized by compulsivity and impulsivity. Additionally, a simple laboratory-based
neurocognitive assessment was utilized to clarify the diagnostic boundaries, prevention, and
treatment for disorders characterized by compulsivity and impulsivity. An enhanced
understanding of the neural basis of these disorders will inform novel interventions to prevent
and treat compulsive and impulsive features of these disorders.
The key question the present study attempted to answer was— do neural activation
patterns associated with the engagement of self-regulatory control and conflict resolution on the
Simon spatial incompatibility task differ across individual with PG and OCD? Comorbid
depression and anxiety may influence prefrontal activity on the self-regulatory control task in
adults (Silton et al., 2011). Thus, exploratory analyses were conducted to assess if the neural
activations were modulated by comorbid depression and anxiety.
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The present study tested the following hypotheses:
Hypothesis 1: Participants with PG and OCD will significantly differ from healthy participants
in BOLD signal within frontostriatal circuits when responding correctly to incongruent compared
to congruent stimuli on the Simon task.

Hypothesis 2: Given that participants with PG and OCD have cognitive inflexibility,
participants with PG and OCD will significantly differ from healthy participants in BOLD signal
within frontostriatal circuits during correct responses on incongruent trials compared with correct
responses on congruent trials preceded by congruent trials (i.e. postcongruent conflict).

Hypothesis 3: Conflict-related activation will be associated with the severity of symptoms in the
PG and OCD groups.
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METHODS
Participants
Adults diagnosed with pathological gambling (PG), obsessive-compulsive disorder
(OCD), and healthy participants (HC) were recruited through flyers, internet advertisements and
word of mouth. Participants with a history of neurological illness, past seizures, head trauma
with loss of consciousness, pregnant, mental retardation or autism spectrum disorder were
excluded. Participants with heart pacemaker, metallic device or dental braces in their bodies
were also excluded. HC had no current and lifetime axis I disorders. Formal diagnosis of OCD
and PG, and presence of comorbid Axis I diagnoses were established by a clinical evaluation and
confirmed with Structured Clinical Interview for DSM-IV. The age of onset and illness duration
for the clinical sample was collected. Demographic information including age, sex (male and
female) and race (White, Black, Asian, Hispanic and Other) were collected for the participants.
The Institute Regulatory Board (IRB) of the New York State Psychiatric Institute (NYSPI)
approved the study.
Measures and Apparatuses
Neuropsychological Measures: (a) Wechsler Abbreviated Scale of Intelligence (WASI):
It is an assessment instrument that estimates IQ scores (Wechsler, 1999). WASI is a
standardized, normed, and validated short form of the WAIS-III and provides a reliable and valid
estimate of verbal, performance, and general intellectual functioning. The four subtests of the
WASI (vocabulary, block design, similarities, and matrix reasoning) were used (correlations with
the WAIS-III FSIQ range from 0.92 – 0.98). (b) Edinburgh Handedness Inventory (Oldfield,
1971): It is a standard self-assessment of dominance for hands, feet, and eyes and measures the
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laterality of the participants.
Clinical Measures: (a) Structural Clinical Interview for DSM-IV Axis I (SCID-I): It is a
semi-structured diagnostic assessment used to determine the Axis I disorders with an excellent
reliability (Ventura et al., 1998). For the clinical sample, participants met the criteria for OCD
and pathological gambling. (b) Depression severity was assessed with Hamilton Depression
Rating Scale (HAM-D; Hamilton, 1967). (c) Symptom severity was assessed with the YaleBrown Obsessive Compulsive Scale (Y-BOCS; Goodman et al., 1989) and Yale-Brown
Obsessive Compulsive Scale for Pathological Gambling (PG-YBOCS; Pallanti et al., 2005).
FMRI Paradigm: (a) The Simon Task: A series of white arrows pointing either left or
right were displayed against a black background to the left or right of a white gaze fixation crosshair positioned at midline. Stimuli pointing in the same direction as their position on the screen
were the “congruent” stimuli. Stimuli pointing opposite their position on the screen were the
“incongruent” stimuli. A cross-hair positioned at midline was the “blank” stimuli. Stimuli were
presented through nonmagnetic goggles (Resonance Technologies, Inc., Salem, Massachusetts)
with EPRIME software (Psychology Software Tools, Inc., Sharpsburg, Pennsylvania).
Participants were instructed to respond as quickly as possible to the direction of the arrow by
pressing a button on a response box, using the index finger of their right hand for left pointing
arrow and the middle finger of that hand for a right pointing arrow. The button press recorded
subject responses and reaction times for each trial. Stimulus duration was 1300 ms, with an
interstimulus interval of 350 ms. Each run contained 55 stimuli (5 min 7 sec) long, with 22
congruent stimuli (11 left-pointing arrows presented to the left of midline; 11 right-pointing
arrows presented to the right of midline), 22 incongruent stimuli (11 left-pointing arrows
presented to the right of midline; 11 right-pointing arrows presented to the left of midline) and 11
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blank stimuli (longer periods of fixation). These stimuli were arranged and presented in a
pseudorandom order (Fig. 3.1), and each experiment contained 3 runs, totaling 66 congruent and
66 incongruent stimuli.

Figure 3.1 Simon Task Schematic, ISI, Interstimulus interval
Image Acquisition: Images were acquired on a GE 3 Tesla LC scanner (Milwaukee, WI).
Structural images were collected using a high-resolution T1 weighted FSPGR pulse sequence
(1x1x1 mm3 voxel size). The functional images were obtained using a T2*-sensitive gradientrecalled, single shot, echo-planar sequence (Repetition time =2200 ms; Echo time =30ms; Flip
angle=90 degree; Acquisition matrix=64x64; Field of view = 24x24 cm; Number of slices=34;
Slice thickness=3.5mm). 140 echo-planar imaging (EPI) volumes were collected for each run.
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Procedure
Phone screens were conducted to determine if volunteers met major criteria for the study.
Those who met the criteria were invited to laboratory to complete imaging, clinical and
neuropsychological measures. On the day of scan, participants were also administered pregnancy
test. Participants were then taken to the Magnetic Resonance Imaging (MRI) Unit, NYPSI,
where they first completed metal screening form, which followed a screening with a metal
scanning instrument by the MRI technician. Next, the technician helped participant with the
nonmagnetic goggles and visual equipment used to present the stimulus (Simon Task). The
stimulus was presented with EPRIME software (Psychology Software Tools, Inc., Sharpsburg,
Pennsylvania). Participants were also administered various clinical and neuropsychological
assessments and were compensated for their participation.

Data Analysis
Comparisons of demographic and clinical variables among participants with PG, OCD
and HCs were tested with one-way ANOVA (two-tailed; p<0.05) in SPSS Version 23 (IBM,
2015). Behavioral Analysis: Group comparisons of task performance (reaction times) for the four
conditions [congruent proceeded by congruent (cC); congruent preceded by incongruent (iC);
incongruent preceded by congruent (cI); incongruent preceded by incongruent (iI)] and accuracy
scores across the three groups were tested with one-way ANOVA (two-tailed; at p<0.05), with
age as covariate in SPSS. To determine if behavior performance across the groups was
associated with resolution of conflict or with trial sequence (alternation or repetition of
congruence between current and preceding trial), reaction times across the conditions were
entered as dependent variable in repeated measures, linear mixed model with group (PG, OCD,
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HC) and age as covariate. Congruence (congruent, incongruent) on the current trial and
preceding trials (repeated, alternated) were within-subject variables in the model. Group
differences in interference were tested by assessing significance of group x congruence x
sequence interaction in the model. To test the association of behavioral performance with
severity of obsessive and compulsive symptoms Pearson product moment correlation was
conducted in the clinical sample. To test the association of behavioral performance with illness
duration, partial correlation was conducted controlling for age.
Image Processing and Analysis: All image processing and statistical analyses was
conducted using SPM 12 (http://www.fil.ion.ucl.ac.uk/spm/) and MATLAB 9.0 (Mathworks,
Natick, MA). Six head motion parameters were first estimated. Scans with motion exceeding 3
mm (one voxel) in any direction were discarded. Functional images were visually inspected for
artifacts and then motion corrected. Structural data were coregistered to the functional data and
segmented into tissues probability maps, bias corrects and spatially normalized to the Montreal
Neurological Institute (MNI) space of 1 x 1 x 1 mm3 voxels. Using the deformation fields of
these segmented images, the functional images were subsequently spatially normalized to MNI
space of and 3 x 3 x 3 mm3 voxels. A Gaussian kernel (8mm) was applied to smooth the images
spatially to optimize the signal to noise ratio (Friston et al., 1996). Data for each subject was
entered into a first-level analysis of individual time series before inclusion in second-level group
analyses.
Preprocessed BOLD data across the three runs of Simon task (420 volumes) were
modeled with general linear model with the following predictors corresponding to each trial
type: (1) cC; (2) iC; (3) cI; (4) iI; (5) fixation trials; and (6) incorrect trials (incongruent or
congruent), including those trials with RTs below the minimal RT of 200 ms for stimulus

31

detection and processing. These events were convolved with the canonical HRF and leastsquares regression was used to estimate parameters for each independent variable for each
participant. Participants with more than 30% error on Simon task were excluded from the
analyses (Horga et al., 2011; Marsh et al., 2011; Marsh et al., 2014). The resulting beta maps
were entered into second level mixed model analysis in SPM 12 to test apriori hypotheses.
Hypothesis 1: Participants with PG and OCD will significantly differ from healthy
participants in BOLD signal within frontostriatal circuits when responding correctly to
incongruent compared to congruent stimuli (I-C) on the Simon task.
A second level factorial analysis was conducted to test the hypothesis, I-C contrast
images as dependent variable, group (PG, OCD, HC) as between factor and age as covariate. In
whole brain analyses, a random effects omnibus test was conducted first to see if there was a
group effect using a cluster defining threshold (CDT) of p<0.005, and a cluster threshold
corrected for multiple comparison with familywise error (FWEc) correction of p< .05. Using an
inclusive mask comprised of the cluster found significant in the omnibus test, small volume
search post-hoc pairwise group comparisons (t-tests) was conducted using CDT of p<0.005 and
FWEc of p<0.05. Finally, conjunction analyses were performed to identify task control regions
commonly activated across groups.
	
  

Hypothesis 2: Given that participants with PG and OCD have cognitive inflexibility,

participants with PG and OCD will significantly differ from healthy participants in BOLD signal
within frontostriatal circuits during correct responses on incongruent trials compared with correct
responses on congruent trials preceded by congruent trials(i.e. postcongruent conflict, cI vs. cC ).
Hypothesis was tested similar to hypothesis 1 with postcongruent contrast (cI vs. cC) as
the dependent variable.
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Hypothesis 3: Conflict-related activation will be associated with the severity of
symptoms in the PG and OCD groups.
To test this hypothesis average beta estimates were extracted for each participant from
each significant cluster on the omnibus test, and Pearson product moment correlation was then
conducted to assess the conflict-related activation (beta estimates) with YOBCS scores.
Additionally, for the PG group correlations were ran for PG-YBOCS scores.

Exploratory Analyses: (a) Confounding effects: To test if comorbid depression modulated
the conflict relevant neural activity, factorial analysis of variance was conducted by controlling
for age and HAM-D scores in SPSS, version 23 (IBM). The dependent variables were the beta
estimates extracted for each participant from each significant cluster on the omnibus test and
between factors was group (PG, OCD and HC). A main effect of depression was assessed.
Additionally, to assess whether current co-morbid diagnosis modulated the conflict-relevant
brain activity, participants with comorbid diagnoses were removed, and an ANCOVA was
conducted controlling for age with dependent variable as the beta estimates extracted for each
participant from each significant cluster on the omnibus test and between factors was group (PG,
OCD, HC). (b) Illness duration: Controlling age, partial correlation was conducted to assess the
conflict-related activation (beta estimates) with illness duration.
(b) Sequence effects: To determine if conflict-relevant activation was associated with
resolution of conflict or with trial sequence, beta estimates associated with current and preceding
congruent and incongruent stimuli were extracted for each participant from the significant cluster
(#4, comprising right IFG and amygdala) on the omnibus test. These beta estimates were then
entered in repeated measures factorial analysis of variance with within-subject factors current
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congruence (congruent, incongruent), trial sequence (repeated or alternated congruence between
the preceding and current trial) and age as covariate. The between-subjects factor was group (PG,
OCD, HC). Main effects and interactions of these factors were tested. The beta estimates were
then mean centered for each participant and plotted as function of congruence and trial sequence.
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RESULTS
Participants
FMRI scans were acquired for 19 adults diagnosed with pathological gambling (PG, age
=37.31 ± 11.28), 29 adults diagnosed with Obsessive-compulsive disorder (OCD, age = 28.97 ±
SD =7.19) and 34 healthy control participants (HC, age =29.22 ± 8.73). The clinical and
sociodemographic profile of the participants is shown in table 1. The groups differ significantly
on age (p <. 01) but not on IQ scores (p = .10). The majority of the sample was right handed. The
PG group consisted of 15 males and 4 females, and mean duration of illness was 9.17 (SD =
7.82). Four participants with PG met DSM-IV TR criteria for major depressive disorder (MDD)
and anxiety disorder not otherwise specified (NOS), one for MDD, one for specific phobia, and
one for alcohol abuse. In addition to scores on YBOCS scores (Total = 18.50 ± 7.12), gambling
severity scores were collected for PG group (PG-YBOCS, 20.36 ± 5.94). One PG participant was
being treated with benzodiazepines at the time of scanning.
The OCD group consisted of 15 males, 14 females, and mean duration of illness was
14.86 years (SD = 9.00). Four participants with OCD met DSM IV criteria for social phobia, one
for social phobia and binge eating disorder, and one for social phobia, specific phobia and
generalized anxiety disorder. The severity of obsessive and compulsive symptoms in OCD
group was 12.45 ±1.90 and 13.24 ±2.21 respectively. One OCD participant was treated with
selective serotonin reuptake inhibitors (SSRIs), and one OCD participant was treated with SSRI
and stimulant at the time of scanning. Impact of psychotropic medication was not analyzed given
only 3 participants in the entire sample were on it. HCs did not meet criteria for any current and
lifetime disorder on DSM-IV, and included 18 males and 16 females.
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Table 4.1. Demographic and Clinical Characteristics of Participants
Participants
Gambling
(n=19)

Characteristics
Age, years
WASI IQ (Full-4)2
Duration of Illness3, years
Age of Onset2, years
HAM-D4
YBOCS5 Total
Obsessions
Compulsions
PG-YBOCS6

OCD
(n=29)

Healthy Control
(n=34)
Analyses

Mean
37.31
103.33
9.17
28.67
6.84
18.50
8.69
9.81
20.36

SD
11.28
12.24
7.82
11.98
5.66
7.12
4.36
3.82
5.94

Mean
28.97
111.12
14.86
14.07
4.82
25.69
12.45
13.24
--

SD
7.19
14.01
9.00
6.07
3.44
3.75
1.90
2.21
--

Mean
29.22
111.10
--.75
.29
.06
.23
--

SD
8.73
12.66
--1.80
1.44
.36
1.09
--

N

%

N

%

N

%

15
4

78.9
21.1

15
14

51.7
48.3

18
16

52.9
47.1

18
0
1

94.7
0
5.3

25
4
0

86.2
13.8
0

29
2
0

85.3
5.9
0

3
5
4
5
2

15.8
26.3
21.1
26.3
10.5

1
6
4
17
1

3.4
20.7
13.8
58.6
3.4

2
6
19
5
1

5.9
17.6
55.9
14.7
2.9

F1
6.22
3.98
4.90
30.66
17.03
303.34
223.00
249.65
--

p
<. 01
.10
.03
<. 01
<. 01
<. 01
<. 01
<. 01
--

Sex
Male
Female
Handedness7
Right
Left
Ambidextrous
Race8
Asian
Black
Hispanic
White
Other

OCD, Obsessive-Compulsive Disorder; WASI, Wechsler Abbreviated Scale of Intelligence; HAM-D,
Hamilton Depression Scale; Y-BOCS, Yale-Brown Obsessive Compulsive Scale; PG-YBOCS, YaleBrown Obsessive Compulsive Scale adapted for Pathological Gambling
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1
One way analysis of variance (ANOVA) was used
2	
  FSIQ	
  for	
  4 OCD participants, 1 PG and 4 Healthy controls were missing
3
Age of onset and duration illness was missing for 1 PG participant
4
Hamilton Depression scores were missing for 1 PG, 1 OCD participant, 6 Healthy controls
5
YBOCS scores were missing for 3 PG and 3 Healthy controls
6	
  PG-YBOCS for 8 PG participants were missing
7
Handedness information was missing for 3 Healthy Controls
8
Race and ethnicity information was missing for 2 Healthy Controls.
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Controlling age, no significant interaction of group x congruence [F (2, 78) = .47; p =
0.63] or group x sequence [F (2, 78) = .75; p = 0.47] was detected in either model indicating that
there were no group differences specific to stimulus type. Reaction times (RT) and accuracy
scores were similar on congruent and incongruent trials, and neither group made many errors
(Table. 4.2). All groups demonstrated a conflict effect (mean RT incongruent > mean RT
congruent) that was greater following congruent than incongruent trials (Figure 4.1.), and this
post-congruent conflict effect did not differ across groups (p = .12). All groups also
demonstrated a sequence effect [mean RT alternation (trials in which the congruence alternated
relative to the preceding trial) > mean RT repetition (trials in which congruence repeated); Table.
4.2].
Table.4.2 Group Differences on Simon Task
Participants
Gambling (n=19)
Measure

Mean

SD

OCD (n=29)
Mean

SD

HC (n=34)
Mean

SD

Analyses
F*

p

Mean Reaction Time Incongruent (sec)

.66

.09

.62

.10

.62

.11

.66

.53

Mean Reaction Time Congruent (sec)

.61

.10

.58

.10

.56

.12

1.16

.32

Conflict Effect (sec)

.05

.04

.04

.04

.05

.03

.75

.47

Post Congruent Conflict effect (sec)

.01

.05

.05

.05

.03

.05

2.21

.12

MRT Alternation (sec)

.63

.09

.61

.10

.59

.12

.92

.40

MRT Repetition (sec)

.63

.09

.59

.10

.57

.12

.93

.40

Sequence effect (sec)

.01

.03

.02

.02

.01

.02

2.21

.12

Accuracy Incongruent (%)

.91

.03

.93

.03

.92

.03

1.81

.17

Accuracy Congruent (%)

.99

.00

.99

.00

.99

.01

.83

.44

MRT, mean reaction time; Conflict effect, MRT incongruent-MRT congruent; Sequence effect,
MRT alternation-MRT repetition; OCD, Obsessive-Compulsive Disorder; HC, Healthy Controls;
* Age was controlled; Degree of freedom (2,78)
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0.6
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0.56
0.54

0.66
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cI	
  

iI

0.6
0.58
0.56

cC
iC

Congruent
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0.64

0.52

0.52

Incongruent

0.66

0.54

0.54

0.52

(a)

0.68

0.68

iI

Reaction Time (Sec)

cI

Reaction Time (Sec)

Reaction Time (Sec)

0.68

Current Trial Incongruent

0.7

0.7

0.7

Current Trial Congruent
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Incongruent

Preceding Trial

	
  
(c)

Figure 4.1. Mean Response Times. Response Time (RT) are plotted as a function of preceding and
current trial stimulus type (congruent, incongruent) in Pathological Gambling (PG) (a), (b) ObsessiveCompulsive disorder (OCD) and Healthy Control (HC) (c). Errors bars indicate standard error of the
mean.

Behavioral performance did not correlate significantly with PG-YBOCS in the PG
participants, but their YBOCS total scores correlated inversely with RTs to incongruent (r = .53; p = .03) and alternating (r = -.55; p =. 03) stimuli. Additionally, in the PG group YBOCS
compulsion scores correlated inversely with RTs to congruent (r = -.52; p =. 04), incongruent
(r=-.55; p =. 03) alternating (r=-.55; p =. 03) and repeating (r=-.52; p =. 04) trials. Thus,
participants with PG who endorsed more compulsions on YBOCS responded in less time to
congruent, incongruent, alternating (trials in which the congruence alternated relative to the
preceding trial) and repeating (trials in which congruence repeated) stimuli, suggesting an
impulsive style of responding. Behavioral performance did not correlate significantly with
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YBOCS scores in the OCD group. There was no association between illness duration and
behavioral performance for both PG and OCD groups.

A Priori Hypothesis Testing
Hypothesis 1. Participants with PG and OCD will significantly differ from healthy
participants in BOLD signal within frontostriatal circuits when responding correctly to
incongruent compared to congruent stimuli (I-C) on the Simon task.
Controlling age, the omnibus analysis revealed significant group differences in activation
associated with conflict (I-C) in the four clusters including the bilateral inferior frontal gyri
(IFG), bilateral middle occipital gyrus, bilateral cuneus, right amygdala, left hippocampus and
left fusiform (Table 4.3; Figure 4.2). Post-hoc analysis (pairwise group comparisons, t-tests)
using an inclusive mask comprised of these four clusters revealed significant differences between
HC and PG, and HC and OCD (Table 4.3; Figure. 4.3.). In contrast to HCs, PG participants
showed conflict-related deactivation of the right IFG and amygdala, and OCD participants
showed deactivation of the bilateral inferior frontal gyri, bilateral middle occipital gyri, bilateral
cuneus, right amygdala, left hippocampus and left fusiform (Figure.4.3). However, no significant
group differences in BOLD signal were found between the PG and OCD groups. The
conjunction analysis (HC > PG vs. HC > OCD) further revealed decreased conflict-relevant
deactivation in a cluster comprising of right IFG and amygdala common to both PG and OCD
compared to HCs (Table 4.3; Figure. 4.3). No significant striatum findings across the group were
detected, thus, hypothesis was only partially supported.
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Figure 4.2 Whole-brain analysis showing brain activations associated with processing and
resolving conflict (I-C) on Simon task. IFG, Inferior Frontal Gyrus
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Table 4.3. Group Differences in Brain Activity Associated with Conflict (I-C) on Simon Task
%
Cluster
MNI
Statistic pFWEc
Cluster Area
Cluster size
coordinates (peak)
(cluster)
Omnibus test
#1
Left Inferior Frontal Gyrus
Left Hippocampus
Left Fusiform
Left Pallidum
Left Lobule, IV, V, Cerebelum
Left Parahippocampal Gyrus
Left Lingual Gyrus
#2
Right Calcarine sulcus
Right Middle Occipital Gyrus
Right Cuneus
#3
Left Calcarine Sulcus
Left Middle Occipital Gyrus
Left Cuneus
#4
Right Inferior Frontal Gyrus
Right Amygdala
HC>PG
#1
Right Inferior Frontal Gyrus
Right Amygdala
HC>OCD
#1
Left Inferior Frontal Gyrus
Left Hippocampus
Left Fusiform
Left Pallidum
Left Lobule, IV, V, Cerebelum
Left parahippocampal gyrus
Left Lingual Gyrus
#2
Right Calcarine sulcus
Right Middle Occipital Gyrus
Right Cuneus
#3
Right Inferior Frontal Gyrus
Right Amygdala
#4
Left Calcarine Sulcus
Left Middle Occipital Gyrus
Left Cuneus
Conjunction Analysis
#1
Right Inferior Frontal Gyrus
Right Amygdala

33.96
15.41
10.69
6.92
6.60
5.66
5.35
43.85
23.85
16.92
36.43
22.48
14.73
49.30
26.76

318

-24, -16, -4

13.12

<. 01

130

21, -91, 2

3.95

.05

129

-27, -76, 8

3.83

.05

142

36, -4, -10

3.83

.03

47.42
38.14

97

36, -4, -10

3.71

.02

34.41
15.11
10.93
7.07
6.75
5.79
5.47
43.41
24.03
17.05
51.49
25.37
36.43
22.48
14.73

311

-24, -19, -4

5.10

<. 01

129

18, -91, 5

4.48

.01

134

27, 17, -7

4.34

.01

129

-15, -88, 5

4.31

.01

50.56
37.08

89

36, -4, -10

3.70

.025

Area labels were based on the Anatomical Automatic Labeling (AAL) toolbox implemented in SPM12; T
statistics are reported for group differences associated with conflict; Only areas covering at least 5% of a
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cluster are reported. F statistics are reported for the omnibus analysis; Montreal Neurological Institute (MNI)
coordinates are provided for the peak (maxima) voxel within each cluster.
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Figure. 4.3 Group brain activation associated with conflict (I-C) in (A) HC vs. GD, (B) HC vs.
OCD and (C) Conjunction effect of conflict in HC>PG vs. HC>OCD. Group average brain
activations are shown for Pathological Gambling (PG); C), Obsessive-Compulsive Disorder
(OCD; D) and Healthy Controls (HC, E). IFG, Inferior Frontal Gyrus; (G) Parameter Beta
Estimates of cluster comprising Right IFG and amygdala
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Hypothesis 2: Given that participants with PG and OCD have cognitive inflexibility,
participants with PG and OCD will significantly differ from healthy participants in BOLD signal
within frontostriatal circuits during correct responses on incongruent trials compared with
correct responses on congruent trials preceded by congruent trials (i.e. postcongruent conflict,
cI vs. cC).
Controlling age, the omnibus analysis revealed no significant group differences in
activation associated with postcongruent conflict (cI vs. cC), thus, rejecting the hypothesis.

Hypothesis 3: Conflict-related activation will be associated with the severity of symptoms
in the PG and OCD groups.
In the PG group, YBOCS total scores did not correlate with conflict-related activity (Left
IFG: r=-.39, p= .13; Right IFG: r= -.45, p= .08). Of note, association between the right IFG and
YBOCS total scores was driven by YBOCS obsessional scores (r= -.45, p= .08) and was
trending towards significance in the expected direction. Nevertheless, missing scores for the
three PG participants may have influenced these findings. Additionally, no association between
conflict-related activity and PG-YBOCS (Left IFG: r= .07, p= .84; Right IFG: r= -.07, p= .83)
was detected.
In the OCD group, YBOCS total scores did not correlate with conflict-related activity
(Left IFG: r= 14, p= .47; Right IFG: r= -.08 p= .69). Given no significant association between
the conflict-related activity and symptom severity for the two groups were detected the
hypothesis 3 was not supported.
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Exploratory Analyses
(a) Sequence Effects: Controlling age, a significant group x sequence interaction [F (2,
78) = 11.79; (p < .01) in the right IFG and amygdala (Figure. 4.5. a, b, c) was detected, deriving
from significant main effect of sequence in the HC (p < .01), but not for the PG (p = .09) and
OCD (p= .10) groups. Additionally, for the HC group, significant main effect of congruence (p <
.01) in the right IFG and amygdala was detected. In other words, in HC group, activation of the
right IFG and amygdala was greater during trials in which incongruence alternated (cI) and
repeated (iI). No significant main effect of congruence was found in right IFG and amygdala for
the PG and OCD groups.
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Figure. 4.4. Region of Interest Analysis of Trial Sequence Effects. The mean centered beta
estimates from cluster comprising the right inferior frontal gyrus and amygdala as a function of
current congruence and trial sequence for Gambling (PG; a), Obsessive-compulsive disorder
(OCD; b) and Healthy control (HC; c). Error bars indicate standard error of mean.
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(b) Illness Duration Correlates: Controlling age, deactivation in the right IFG and
amygdala correlated inversely with illness duration (r= -.49; p= .04; Figure. 4.5) for the PG
group. No such association was detected in the OCD group.

Figure 4.5. Main effects of duration of illness in PG participants. Scatterplot of the association of
conflict related neural activity in comprising right inferior frontal gyrus and amygdala with
duration of illness in PG participants.
c. Confounding effects: Comorbidity
Controlling age and HAM-D scores, no significant main effect of depression scores
(cluster#1, p = .93; cluster #2, p = .88; cluster #3, p = .76; cluster #4, p = .68) on the conflict-
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relevant activity was found. Furthermore, factorial analysis of variance conducted by removing
all the participants with comorbid diagnosis and controlling age, showed significant group
differences associated with conflict-relevant brain activity (p <. 01). Thus, group differences in
conflict-relevant activity were not solely driven by comorbidities.
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DISCUSSION
Main Findings

The present study is the first to examine the functional neural correlates of self-regulatory
control across individuals with pathological gambling (PG) and obsessive-compulsive disorder
(OCD). Specifically, the study used the Simon task to examine frontostriatal brain circuits that
support self-regulatory control in adults with OCD, PG, and healthy control participants (HC).
Despite similar behavioral performances on the Simon task across the three groups, the study
detected significant group differences in conflict-related activations in the bilateral inferior
frontal gyri (IFG), middle occipital gyri, and cuneus, as well as right amygdala, left hippocampus
and fusiform. Exploratory analyses revealed that the presence of comorbid diagnoses did not
drive these group differences. Nevertheless, no significant group differences associated with
postcongruent conflict were detected in the study.
Unsurprisingly, and similar to previous studies examining self-regulation (de Ruiter et al.,
2012; Page et al., 2009; Potenza et al., 2003a; Marsh et al., 2014), behavioral performance did
not differ across groups. It is important to note that the version of the Simon task used herein was
specifically designed to minimize the likelihood of behavioral differences across the groups that
could confound group differences in functional activations. Given the low cognitive demand of
this task version (Marsh et al., 2014), neither group generated many errors; thus, the study did
not examine error-related activation. Behavioral findings showed that all groups demonstrated
conflict (mean reaction time incongruent > mean reaction time congruent), and post-congruent
conflict (incongruent compared with congruent stimuli preceded by congruent stimuli) did not
differ across groups. However, adults with PG endorsing more compulsions took less time to
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respond to congruent, incongruent, alternating, and repeating stimuli suggesting an impulsive
style of response. In other words, adults with PG display impaired ability to withhold motor
response (poor response inhibition) and have a tendency to act on the spur of the moment.
As predicted, and consistent with previous findings (de Ruiter et al., 2012; Potenza et al.,
2003a; van Holst et al., 2012a), adults with PG, in contrast to HC, showed conflict-related
deactivation of the prefrontal regions. Compared to HC, adults with PG demonstrated
deactivation in the cluster comprising the right IFG and amygdala, and this deactivation
correlated inversely with illness duration. Thus, the longer adults with PG had gambling
symptoms, the greater they deactivated the right IFG and amygdala when processing and
resolving conflict. The study predicted association between conflict-related activation with
symptoms severity. However, no such association was found in the study. It is important to note
that YBOCS scores for three participants with PG and PG-YBOCS scores for six participants
were missing, which may explain the lack of findings.
In line with previous studies (Page et al., 2009; Roth et al., 2007) participants with OCD
compared to HC showed conflict-related deactivation of the bilateral IFG, bilateral middle
occipital gyri, bilateral cuneus, right amygdala, left hippocampus and left fusiform. However,
conflict-related deactivations did not correlate with symptom severity for the OCD group.
Present findings of deactivation of the prefrontal regions in OCD support the argument that these
areas are chronically over-activated due to obsessive and compulsive symptomology and may be
less accessible during a cognitive challenge (Evans et al., 2004). Overactivation of prefrontal
regions in previous studies assessing response inhibition in OCD (Fitzgerald, et al., 2005; Maltby
et al., 2005; Ursu et al., 2003) may be due to error-related activation unlike conflict-related
deactivation in the present study.
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This study found no significant group differences in conflict-related activation between
OCD and PG groups. Nevertheless, conjunction analysis revealed conflict-related deactivation in
a cluster composed of the right IFG and amygdala common to both PG and OCD. IFG has been
associated with response inhibition (Macoveanu et al., 2013) and is supported by anatomical
findings (Levy & Wagner, 2011), including lesion studies (Aron et al., 2003; Swick et al., 2008),
functional neuroimaging findings (Adleman et al., 2002; Chikazoe et al., 2009; Konishi et al.,
1999; Marsh et al., 2014; Simmonds et al., 2008; Zheng et al., 2008), and
electroencephalography findings (Swann et al., 2009).
Consistent with previous findings, on the Simon task HC participants demonstrated
conflict-related hyperactivation in the IFG (Marsh et al., 2011; Page et al., 2009; Roth et al.,
2007). Additionally, this hyperactivation was driven by both alternation (cI) and repetition of
incongruence (iI) between the current and preceding trial. Current literature suggests
frontostriatal activation is greatest in response to incongruent stimuli preceded by congruent
stimuli (Gratton et al., 1992; Horga et al., 2011; Marsh et al., 2014). However, no significant
group differences were found in postcongruent conflict-related activation across the groups.
Surprisingly, significant group differences in conflict-relevant right amygdalar activation,
a region that mediates emotional processing (Amaral & Price, 1984; Beauregard et al., 2001;
Davidson et al., 2002; Ochsner et al., 2002; Hariri et al., 2003; Philips et al., 2003; Levesque et
al., 2004) were detected in this study, with HC participants activating the region more than adults
with PG or OCD. Previous FMRI studies have identified neutral baseline tasks, such as fixation
or rest, as predictors for amygdalar activation (Costafreda et al., 2008), supporting the finding in
the present study using non-emotional stimuli. Nonetheless, gray matter volume reduction in
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amygdala has been found both in PG and OCD (Rahman et al., 2014; Szeszko et al., 1999),
which may account for amygdalar deactivation in the clinical sample.

Limitations
It is important to account for limitations while interpreting the findings of the study. The
study is limited by its modest sample size and sample distribution, which may have influenced
the overall findings, including the inability to detect significant differences between the clinical
sample. The sample (PG = 19, OCD = 29 and HC = 34) had skewed age distribution with
participants in the PG group older (age = 37.31 ± 11.28) than the participants with OCD (age =
28.97 ± SD = 7.19) and HC (age = 29.22 ± 8.73). Age was controlled throughout the image and
behavior analyses to account for the skewedness, but age-related brain changes could not be
discounted in the self-regulatory control processes.
The gender distribution was balanced for the OCD and HC groups, but was strikingly
imbalanced for the PG group (Male: 15; Female: 4). Similar to epidemiology of SUDs, the
gender ratio in PG is 2:1 (male: female), unlike the 1:1 (male: female) ratio in OCD (Potenza et
al., 2009). Literature also suggests that females develop gambling-related symptoms later in life
and, similar to SUDs, progress more quickly (Potenza et al., 2001; Tavares et al., 2001; Blanco et
al., 2006). These findings could explain the fewer female participants in the PG group. Neural
correlates of self-regulation are driven by sex differences (Dreher et al., 2007; Hosseini-Kamkar
& Morton, 2014), but the study did not explore sexual dimorphism in neural activation across
different compulsions due to limited sample size.
The present study is also limited by missing symptom severity scores for the PG group,
which may have also impacted the findings. IQ scores for 9 participants were missing, although
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the groups did not differ significantly on IQ. Twelve participants in the clinical sample with
comorbid diagnoses were removed to test the omnibus analyses, which upheld the significant
group differences in conflict-related brain activation across the groups. Though this indicates
these differences were not driven by comorbid diagnoses, they may have been driven by conflictrelevant activity from the HCs.
Clinical implications and future directions
Despite these limitations, the present study broadens our understanding of neural
pathophysiological mechanisms linking PG and OCD and has significant clinical implications.
When engaging self-regulatory control processes necessary to resolve cognitive interference and
respond correctly to incongruent stimuli on the Simon task, adults with PG and OCD
demonstrated deactivation of the right IFG in contrast to HC. This finding suggests a shared
neural pathophysiology underlying the tendency towards cognitive and behavioral disinhibition
seen in these disorders. It can be hypothesized that the obsessional thoughts and compulsive acts
observed in PG and OCD overwork the prefrontal regions, thus, impacting the top-down cortical
processing needed for cognitive tasks. This finding could inform clinical approaches to treat the
impaired self-regulatory control in patients with PG and OCD. Cognitive remediation therapy
could be effective in treating disturbances in self-regulatory processes for these pathologies.
The serotonergic system has been implicated in response inhibition in humans and
animals (Eagle et al., 2008). Frontostriatal circuits supporting response inhibition is regulated by
selective serotonin reuptake inhibitors (SSRIs) (Drueke et al., 2013) particularly, enhancing IFG
activation (Macoveanu et al., 2013). The present study does implicate functional abnormalities in
the right IFG in the clinical sample and offers modest support for using SSRIs in treatment for
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PG and OCD. SSRIs are currently used to treat PG (Grant et al., 2016; Lupi et al., 2014) and
OCD (Pittenger & Bloch, 2014). Recently, the repetitive transcranial magnetic stimulation
(rTMS) has gained momentum as a therapeutic intervention to target cognitive dysfunctions in
addictions, including PG (Moccia et al., 2017) and OCD (Berlim et al., 2013). Brain stimulation
therapies could be another effective treatment approach to target PG and OCD characterized by
impaired self-regulatory control.
Structural abnormalities in the prefrontal cortex in PG (Fuentes et al., 2015; Takeuchi et
al., 2017; Rahman et al., 2014; Zois et al., 2017) and OCD (Atmaca et al., 2007; Pujol, et al.,
2004; Rosenberg et al., 1998; Rotge et al., 2009; Szeszko et al., 1999) support the findings of the
clinical sample under-recruiting the prefrontal regions. Similarly, concurrent studies assessing
behavioral and non-behavioral substance addiction have demonstrated decreased activation in
prefrontal regions in response inhibition (de Ruiter et al., 2012) and decision-making (Tanabe et
al., 2007). These findings may suggest that prefrontal regions subserving self-regulatory control
processes are disturbed in behavioral addictions, SUDs and OCD. Deficient activation of topdown prefrontal regions in PG and OCD may be a possible endophenotype for compulsivity
across disorders.
Future studies should include a larger sample of adults with PG and OCD to assess the
functioning of the frontostriatal neural system and how disturbances in this system may
contribute to development of these psychopathologies. Additionally, undertaking concurrent
functional neuroimaging study with PG, OCD and SUD groups to assess the inhibitory control
processes can further clarify the similarities or dissimilarities in cortical functioning across these
psychopathologies. Mesolimbic pathways, or the reward circuits, have been exhaustively studied
in linking the neural pathophysiology of behavioral and non-behavioral substance addictions,
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although, frontostriatal circuits have not been thoroughly assessed across different addictions,
thus, calling for more research in this area.
Conclusion
In summary, the present functional neuroimaging study assessed neural correlates of selfregulatory control in adults with gambling and obsessive-compulsive disorders using the Simon
task and found, in contrast to HC, adults with PG and OCD displayed deactivation of the right
IFG when engaging in control processes needed to resolve conflict. This study does not provide
strong support for reconsidering diagnostic classification of gambling disorder; however, it does
provide modest support for impaired top-down cortical processes in both gambling and
obsessive-compulsive disorders. To understand the complex pathophysiology linking gambling,
obsessive-compulsive and substance use disorders, future studies utilizing a larger sample are
recommended to examine the functional neural correlates of cognitive control.
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