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Abstract

Pathological gambling (PG) is a behavioural addiction affecting approximately 1-2% of the
global adult population, characterized by persistent and recurrent gambling behaviours that
negatively impact personal and social functioning. Yet, little is known about the
neurobiological mechanisms underlying PG. This systematic review aimed to summarise and
synthesize neuroimaging studies, examining alterations in the brain’s reward processing and
decision-making systems in pathological gamblers (PGs) compared to healthy controls (HC).
A search in the databases PubMed, Web of Science, and Scopus identified 286 articles, of
which seven utilized functional magnetic resonance imaging (fMRI) to investigate neural
activity related to reward sensitivity, risk-taking and cognitive control during gambling tasks.
Key findings revealed alterations in brain regions associated with reward processing and
cognitive control, particularly the dorsolateral prefrontal cortex (dIPFC), ventral striatum,
and insula. PGs exhibited reward-seeking behaviours outweighing their cognitive control
abilities, this was reflected in inflexible strategies and poor risk evaluation that contributed to
continued gambling despite negative consequences. Interestingly, neural activation in the
ventral striatum appeared similar for both PGs and HC, suggesting that basic reward
processing may remain intact in PGs. Limitations across the studies included small,
predominantly male samples and inconsistent task designs. This review emphasizes the need
for future research to employ standardized tasks and measures that better resemble real-life
gambling, and to include more diverse samples to enhance understanding of the neural

mechanisms underlying PG.
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Neural Correlates of Reward Sensitivity and Decision-Making in
Pathological Gambling: A Systematic Review

For many, betting on sports, using slot machines, buying lottery tickets, and playing
poker is an everyday activity. Recreational gambling is common and in many places socially
accepted, but for some, this becomes problematic. Pathological gambling, problem gambling,
gambling addiction, or gambling disorder are different names for the same phenomenon and
will be referred to as pathological gambling (PG) and pathological gamblers will be referred
to as (PGs) throughout this thesis. PG is a complex disorder characterised by an inability for
an individual to control their gambling impulses (Wareham & Potenza, 2010). It is estimated
that between 1-2% of the global adult population suffers from PG (WHO, 2024). While PG
has traditionally been understood within the realm of behavioural psychology, recent
advancements in neuroimaging and studies such as Zilverstand et al. (2018) have highlighted
the critical role of understanding the neurobiological mechanisms and addressing the effects
of addiction disorders. While neuroimaging studies of substance use disorder (SUD) have
provided important insights, neuroimaging studies of PG are more scarce. This gap highlights
the importance of investigating the neural correlates and mechanisms of PG, which may yield
insights as critical as those uncovered in SUD.

Pathological Gambling: Symptoms, Diagnosis, and Measurement

PG has been included in The Diagnostic and Statistical Manual of Mental Disorders
(DSM) since the 1980s under various categories. It was first introduced in 1980 in the
DSM-III under the impulse-control disorder category and was later moved to the category of
substance-related and addictive disorders, under the name gambling disorder in the DSM-V.
PG encompasses a spectrum of repeated problem gambling behaviours that have detrimental
effects on various aspects of an individual's life (American Psychiatric Association, 2021). To
meet diagnostic criteria, the individual must exhibit four or more of the nine behaviours
described in the DSM-V over a 12-month period, provided the symptoms are not better
explained as a manic episode (American Psychology Association, 2013). These criteria

include: a need to gamble with increasing amounts of money to achieve excitement,



REWARD AND DECISION-MAKING IN GAMBLING 4

restlessness or irritability when attempting to cut down, repeated unsuccessful efforts to
control or stop gambling, frequent preoccupation with gambling, gambling when feeling
distressed, chasing losses, and lying to conceal how serious the problem is. The criteria also
includes PGs losing or jeopardizing significant relationships, career or educational
opportunities and often relying on others for financial support to relieve gambling-induced
stress. Goodwin et al. (2017) estimate that for every PGs, six other people are negatively
affected.

In addition to diagnosing PG according to the DSM-V criteria, several different scales
are often used. One such scale is the South Oaks Gambling Screen (SOGS; Lesieur & Blume,
1987) a 20-item questionnaire which can be either self-administered or administered by an
interviewer. It measures the severity of gambling-related problems by assessing gambling
behaviour, loss of control, and the negative consequences experienced as a result of
gambling, through questions such as, “Have you ever borrowed from someone and not paid
them back as a result of your gambling?” and “Did you ever gamble more than you intended
to?” Some have criticised the scale for focusing too much on the aspect of borrowed money
and for not distinguishing between former, recovered PGs and current PGs (Stinchfield,
2002).

One feature of PG that does not get much recognition in the DSM-V is the craving to
gamble. To address this, the Gambling Craving Scale (GACS; Young & Wohl, 2009) was
created and subsequently became a predictor for PG and related depression. The GACS is a
questionnaire that assesses craving by evaluating scores across three factors: anticipation
(e.g., “Gambling would make things seem just perfect”), desire (e.g., “I need to gambe now”),
and relief (e.g., “If I were gambling right now, I could think more clearly”).

The Role of the Reward System in Pathological Gambling

According to Lewis (2021), when an individual experiences something rewarding,
whether cognitively stimulating or physiologically pleasurable, it typically triggers a release of
dopamine, a neurotransmitter closely tied to motivation and pleasure, within the brain's

reward system, also known as the mesolimbic system. This system plays a central role in
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reinforcing behaviour and guiding future decisions based on reward value. Previous research
on PG has primarily focused on brain regions involved in reward processing, impulse control,
and decision-making. The most commonly investigated areas include the ventral striatum
(including the nucleus accumbens), anterior cingulate cortex (ACC), orbitofrontal cortex
(OFQC), dorsolateral prefrontal cortex (dIPFC) and the insula. These regions are part of the
broader mesocorticolimbic dopamine pathway, a system that is central to motivation, reward
anticipation, and value-based behaviour regulation (Clark et al., 2018).

In individuals with PG, a consistent pattern has emerged in which activity in these
brain areas is functionally altered. For example, the ventral striatum has repeatedly been
shown to exhibit heightened activity during reward anticipation, even in the absence of real
monetary gain. This has been interpreted as an increased salience of gambling-related cues,
potentially reinforcing maladaptive behaviours through an overvaluation of potential rewards
(Quester & Romanczuk-Seiferth, 2015 ). The neural responses found in PGs are similar to
those seen in individuals with SUD. This similarity supports the idea of classifying PG as a
behavioural addiction, as it suggests that both types of addiction share similar brain activity
patterns.

On the other hand, prefrontal regions, especially the OFC and dIPFC, often
demonstrate reduced activation during tasks that require inhibitory control, loss evaluation,
and cognitive flexibility. In line with this, Miedl et al. (2012) found decreased activation in the
dIPFC, suggesting a failure in top-down regulation and poor outcome monitoring. This
indicates that individuals may struggle to suppress urges or accurately assess the negative
consequences of their behaviour. These alterations are thought to reflect impairments in
executive functions, including self-regulation and risk evaluation, which are essential in
adapting to feedback and adjusting behaviour accordingly (Brevers et al. 2019).

Additionally, structures like the insula and ACC have been found to be central
components in the emotional and interoceptive aspects of gambling (Koehler et al., 2013).
The insula is believed to play a role in the feeling of craving and one’s subjective urge to

gamble, while conflict monitoring and error detection is contributed by the ACC. Having
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abnormal functioning in these regions may contribute to the compulsive drive to gamble
despite negative outcomes or intentions to stop.

Furthermore, other regions of the basal ganglia, such as the putamen and caudate
nucleus, have also been implicated in the context of PG. These regions are part of the broader
mesocorticolimbic dopamine pathway, a system central to motivation, reward anticipation
and value-based behaviour regulation (Clark et al., 2018). According to Haruno and Kawato
(2006), the putamen is thought to reinforce habitual gambling behaviour through repeated
reward-seeking actions, whereas the caudate nucleus is involved in goal-directed
decision-making and feedback-based learning, both of which may be impaired in PGs.

These findings suggest that PG is associated with a dysregulation between
hypersensitive reward responses and diminished cognitive control, underpinned by altered
activity across the cortico-striatal and limbic networks (Koehler et al. 2013). This imbalance
may explain why the individual's gambling behaviour, despite its harmful consequences,
remains persistent.

The reward deficiency hypothesis and the incentive-sensitization theory have been
posed as possible explanations for how addictive behaviours may affect the reward system.
Leyton (2014) describes the reward deficiency hypothesis, which suggests that there is a
blunted sensitivity to rewards in addiction, resulting in addicted individuals needing to seek
out increasingly rewarding experiences (i.e., gambling with a higher frequency and larger
sums of money) to compensate for the lesser activation of the reward system. The
incentive-sensitization theory (Robinson & Berridge, 2025) suggests an asymmetric response
to different rewards in addiction. When someone is repeatedly exposed to their object of
addiction, the brain’s reward system can become more sensitive to it over time. This process,
mesolimbic sensitization, can create a stronger wanting for the reward than the actual
enjoyment derived from it is. As a result, the craving for one reward becomes more intense
than the appeal of other, non-addictive rewards. Robinson and Berridge (2025) say that this

can explain why the addictive behaviour ends up feeling more rewarding than anything else.
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Gambling-Related Tasks Used in Neuroimaging Studies

To investigate the neural correlates of PG, researchers have utilized a variety of
gambling-related tasks. These tasks are typically performed inside an fMRI scanner, allowing
for observation of brain activity in response to risk, reward and losses, uncertainty and
self-control. Although the tasks vary in structure, they all focus on the effects PG has on
either the reward system, decision-making or both. By comparing neural activity in PGs and
healthy controls (HC), these tasks help to map the brain-behaviour relationships that
underlie PG behaviours.

Across the studies included in this review, a variety of gambling-related tasks were
used. Tasks like the card-deck paradigm (Brevers et al., 2015) and the goal-instructed
gambling task (Fujimoto et al., 2017) are designed to assess how individuals make choices
under uncertainty and how flexible their behaviour is in pursuit of rewards. Brevers et al.
(2015) required participants to choose a gamble (red or blue cards) with either an uncertain
payoff or a certain lower reward. The task included two conditions: a risky condition, where
the proportion of red to blue cards were displayed, allowing participants to calculate the
probability of winning, and an ambiguous condition, where a question mark hid these
proportions. Fujimoto et al. (2017) had participants make a series of gambling choices to
accumulate units and meet a specified "block quota" (1000 to 7000 units) over 20 trials.
Participants received feedback after each choice on their progress towards clearing the block
quota, and after their final choice it was revealed whether they had cleared the block or not.
The task assesses how well individuals adjust their risk-taking strategies based on the varying
quota conditions.

Gelskov et al. (2016) used a task where participants had to accept or reject mixed
gain-loss gambles displayed on pie charts. Each trial presented a potential gain or loss, and
participants needed to make their choice within a short time window (2-5 seconds). The
gambles varied systematically in their gain/loss ratios, with the participants’ choices used to
assess their loss aversion. The design aimed to investigate how participants evaluate mixed

monetary risks and rewards, during decision-making under risk.
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The monetary choice task of Miedl et al. (2015) involved participants making
monetary choices between a smaller, immediate reward, and a larger delayed reward. Each
participant completed four runs, each containing 27 randomly presented choices. Each trial
began with an 8-second fixation, followed by the presentation of two options (e.g, “54€
today” vs “55€ after 117 days”) that remained on the screen until participants indicated their
choice by pressing a button. To ensure genuine engagement, one trial was randomly selected
after the experiment, and participants received the payout corresponding to their choice in
that trial.

The probability discounting task used by Schneider et al. (2022) involved participants
choosing between a smaller, guaranteed monetary reward (e.g., $50 at 100% probability) and
a larger reward with varying probabilities (e.g., $100 at 90%, 70%, 50%, or 10%). The task
uses an adjusting amount procedure: if they choose the larger, uncertain reward, its value
increases; if they choose the certain reward, its value decreases. This setup assessed how
individuals devalue rewards under uncertainty, providing a measure of risk-based
decision-making.

The study by Sescousse et al. (2013) utilized the incentive delay task, which involves
participants seeing cues about upcoming monetary or erotic rewards, performing a quick
discrimination task to check for attentiveness, and then viewing the reward outcome (an
erotic picture or an amount of money) followed by them rating their pleasure. The task is set
out to assess how PGs anticipate, respond to and evaluate different rewards.

In the four-armed bandit task, Wiehler et al. (2021) required participants to
repeatedly choose between four different “bandits” or choice alternatives, each offering a
monetary reward that changed over time. The objective was to maximize rewards by
balancing the exploration of new options and the exploitation of known rewarding choices.
The setup allowed the researchers to examine how participants adapted their choices based
on feedback. This provides insights into PGs learning processes and decision-making

flexibility.
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Aim of the Present Thesis

The aim of this thesis is to conduct a systematic review summarising and synthesizing
neuroimaging studies of PG. The specific research question is: how is the brain’s reward
system and decision-making impacted in PGs compared to HC when executing
gambling-related tasks? Understanding the neural correlates and mechanisms of PG could
inform the development of targeted interventions for not only PG, but also for other disorders
characterised by reward processing dysfunction, such as SUD, mood disorders, and

schizophrenia.

Methods

Search Strategy

The search was conducted in the databases Pubmed, Web of Science, and Scopus on
February 10th, 2024 using the following search string: gambling AND (addiction OR disorder
OR pathological) AND reward AND neural AND ("functional magnetic resonance imaging"
OR fMRI OR "positron emission tomography" OR PET). The same search string was used in
all three databases. Since the research topic is constantly evolving, we chose to exclude
articles published before 2013, to ensure that the results would be relevant and not contain
outdated information. The search resulted in 286 articles which were then imported to the
web-application Rayyan (Ouzzani et al., 2016). A total of 130 duplicate records were removed
before screening (see Fig. 1). During the first screening, the titles and abstracts of all the
articles were read through by the two reviewers. At this stage, 144 records consisting of
meta-analyses, systematic reviews and studies irrelevant to our research question were
excluded, leaving 13 studies for the full text screening. During the full text screening, 6
studies were excluded due to the following reasons: not using fMRI or PET as their main
neuroimaging technique, not having a healthy control group, only using inactive PGs, and not
having a gambling task as a comparative measure between PGs and HC. Seven studies were

included in the systematic review.
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Inclusion and Exclusion Criteria

In order to be included in the systematic review, the articles had to fulfill the following
criteria: (1) be peer-reviewed original experimental studies, (2) be published in English, (3)
use fMRI or PET as the main neuroimaging technique, (4) use untreated participants
fulfilling the diagnosis for PG according to the criteria from DSM -IV/V, and (5) use a control

group of HC.

Articles were excluded if they: (1) included individuals with comorbid psychiatric
disorders or addictions, except for depression and smoking (due to its high comorbidity in
pathological gamblers), (2) were published before 2013, (3) did not use active PGs, and (4)

did not use a gambling task for the comparison between PGs and HC.

Data Extraction

The following data was extracted from the remaining seven articles: title, authors,
year of publication, sample characteristics including mean age and gender, gambling
measures used, gambling task used, type of neuroimaging analysis, region of interest (ROI) if

applicable, and key findings.
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Figure 1

PRISMA Flow Chart Describing the Screening Process

ldentification

Screening

Identification of studies via databases and registers

Records identified from:
Databases (n = 286)
Web of Science (n = 106)
Pubmed (n = 87)

Scopus (n = 83)

Records removed before
SCresning:
Duplicate records removed
(n=130)

Records screened
(n=157)

Records excluded™
{n=144)

Reports sought for retrieval
(n=13)

Reports not retrieved
(n=0)

Reports assessed for eligibility
(n=13)

Reports excluded;
Inclusion criteria 3 (n= 1)
Inclusion criteria 5 (n = 2)
Exclusion criteria 3 (n = 2)
Exclusion criteria 4 (n = 1)

Included

Studies included in review
n=7)

11

Note. Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T., Mulrow, C. D.,

Shamseer, L., Tetzlaff, J., AKl, E. A., Brennan, S., Chou, R., Glanville, J., Grimshaw, J.,

Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E., Mayo-Wilson, E., McDonald, S., . . . Moher,

D.

(2021). The PRISMA 2020 statement: An updated guideline for reporting systematic reviews.

British Medical Journal, n71. https://doi.org/10.1136/bmj.n71
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Results

Characteristics of Included Studies

A total of seven studies were included in this systematic review. Table 1 provides an
overview of the study characteristics and the main findings are summarised in Table 2.
Altogether, the studies included 237 participants, of which 113 were PGs and 124 were HC. In
the majority of the studies (n=5), all the participants were male, one study (Brevers et al.,
2015) included both men and women, and one study did not provide information regarding
gender distribution (Schneider et al., 2022). Across the seven studies, the participant ages
ranged from 18 and 65 years. The weighted mean age across studies was 33.38 years for PG
participants and 32.46 years for HC participants. Gelskov et al. (2016) and Miedl et al. (2015)
evaluated the PG group according to the DSM-IV criteria for PG, Brevers et al. (2015) and
Sescousse et al. (2013) used the DSM-IV-TR. Schneider et al. (2022) and Wiehler et al. (2021)
used the criteria from the DSM-V, and Fujimoto et al. (2017) used both the DSM-IV-TR and
the DSM-V criteria. As an additional gambling measure, the SOGS was used in all studies,
except for the study by Fujimoto et al. (2017) which instead used the GACS. Brevers et al.
(2015) used both the GACS and the SOGS, and Miedl et al. (2015) and Wiehler et al. (2021)
used the Kurzfragebogen zum Gliicksspielverhalten (KFG; Petry, 1996), a German gambling
questionnaire that measures lifetime gambling behaviour, in addition to the SOGS. All
studies used fMRI as their main neuroimaging technique. Fujimoto et al. (2017), Gelskov et
al. (2016), Miedl et al. (2015), Sescousse et al. (2013), and Wiehler et al. (2021) employed a
region of interest (ROI) analysis encompassing areas concerned with decision-making and
reward processing. Most commonly included were the dIPFC, right anterior insula, dorsal
ACC and superior frontal gyrus, but the ventral striatum, OFC, putamen, caudate nucleus and

precuneus were also included.

Neural Activation Differences Between Pathological Gamblers and Healthy

Controls
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Brevers et al. (2015) studied the neural correlates of decision-making processes in an
all-male sample consisting of 12 PGs and 12 HC, between the ages 18 and 50. The study
sought to examine and compare the neural responses of PGs and HC while performing a
decision-making task in the form of a card-deck paradigm. The researchers hypothesised that
PGs brain activity during different types of uncertainty, those being decision-making under
risk versus ambiguity, would differ less than for the HC. The results showed that the different
types of uncertainty did not alter how PGs choose to bet. In accordance with their hypothesis,
it was found that HC had increased activation in the left dIPFC and the right insular cortex
when comparing decision-making under risk with decision-making under ambiguity, while
activation did not differ between the two conditions for PGs. When choosing to take a bet
over the safe choice PGs had increased activations of the left caudate, right posterior insula

and the left putamen.

Fujimoto et al. (2017) investigated how PGs modulate their decision-making
strategies depending on the context of a situation, such as the level of risk or reward. The
study included 21 male adults diagnosed with PG and a group of 29 age- and 1Q-matched HC.
Participants completed a goal-instructed multi-step gambling task requiring them to meet
specific “quota conditions” (i.e., gain enough units to clear each block of the task). The study
aimed to identify potential deficits in decision-making, related neural activation patterns and
the modulation of risk attitude. The results revealed that PG patients exhibited significantly
less flexible risk attitude adjustment based on changing contextual demands in the tasks. The
PGs made more risky choices during low-quota conditions, where the optimal strategy would
have been to be more cautious, as seen in the HC group. fMRI results further revealed

reduced dIPFC activation in PGs compared to HC.

Gelskov et al. (2016) conducted a study involving 14 male, un-medicated PGs, aged 20
to 40, comparing their brain activity to that of 15 age-and gender-matched HC during a
mixed gain-loss gambling task. Several ROI were established based on previous literature

related to decision-making and reward processing: the dIPFC, amygdala, ACC, caudate
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nucleus and precuneus. The results demonstrated that PGs exhibited a significantly stronger
activation of both the dIPFC and caudate nucleus in response to varying gain-loss ratios. A
pronounced U- shape was identified, indicating that PGs placed more weight on both extreme
appetitive and aversive outcomes than HC. Additionally, PGs also demonstrated diminished
loss aversion relative to HC. Behavioural data revealed that this reduced sensitivity to
potential losses correlated significantly with the severity of gambling symptoms, as indicated

by the neural activity in the associated brain regions.

Miedl et al. (2015) examined the differences in delay discounting within a monetary
choice task, where participants had to choose between a smaller immediately available
monetary reward and a larger delayed reward. The participant sample was made up of 15 PGs
and 15 HC, between 27 and 47 years old, matched for smoking, income and education. The
researchers expected to see a steeper delay discount rate in the PG group as well as more
brain areas to be activated in choices for delayed rewards and a greater activation within the
reward system for immediate choices in the PG group. Behavioural results showed that delay
discount values were higher for the PG group, meaning they discounted future rewards at a
steeper rate compared to the HC. As for neuroimaging findings it was found that PGs had
increased activation in areas relating to reward processing and executive control, such as the

insula and thalamus when choosing between delayed and immediate rewards.

Schneider et al. (2022) investigated the differences in probability discounting
between PGs and HC within an American Indian population. The sample consisted of 25 PGs
and 25 HC between the ages of 18 and 65. The study aimed to examine differences in
behavioural and neural activation patterns during a probability discounting task. The
researchers hypothesized that PGs would demonstrate lower probability discounting rates,
reflecting a higher preference for larger, delayed rewards compared to the HC. Behavioural
analyses showed that PGs exhibited significantly lower discounting rates than HC, wanting to
wait for larger delayed rewards over smaller immediate ones. No significant differences in

brain activation patterns were observed between the groups. Activation in regions such as the
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ventral striatum and orbitofrontal cortex also remained similar between PGs and HC, despite

the observed behavioural differences.

Sescousse et al. (2013) tested for a sensitivity imbalance between different types of
rewards, comparing monetary and visual erotic rewards through an incentive delay task. The
participant group consisted of 18 PGs and 20 HC, aged between 22 and 45 years old. All
participants were heterosexual males and were matched for education, alcohol consumption,
income and sexual arousability. The researchers set out to test two hypotheses: the reward
deficiency syndrome, related to processing reward outcomes, and the incentive-sensitization
theory, pertaining to reward anticipation. Overall, the results revealed that gamblers had a
decreased response to erotic cues instead of having an increased response to monetary cues,
showing a devaluation of other rewards compared to monetary ones. In the reward
anticipation phase, PGs had a significantly stronger bilateral activation of the ventral
striatum, compared to HC for monetary over erotic cues. This activation was positively
correlated with the individual's SOGS score, thus a more severe gambling problem led to a
greater activation in the ventral striatum as a response to monetary cues. In the reward
outcome phase PGs and HC showed similar activity in the OFC for both monetary and erotic
rewards. Notably, PGs showed increased activations in the posterior lateral OFC in response

to monetary gains rather than to erotic rewards, when compared with HC.

Wiehler et al. (2021) compared the different strategies for making reward-based
decisions (exploitation, random exploration, directed exploration) between PGs and HC. The
sample consisted of 23 PGs and 23 HC between the ages 20 and 33 years, matched for age,
education, income, alcohol and nicotine use. Participants completed a four-armed bandit
task, where the goal was to gain as many points as possible, by selecting from different
options, each offering varying reward probabilities. The researchers hypothesized that the
PGs would show reduced directed exploration. The results showed that there was a

significant decrease of directed, uncertainty-based exploration for PGs compared to HC,
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which was also reflected by lower activity in the fronto-parietal network during exploration

trials.
Table 1
Study Characteristics
Reference Sample
Brevers et al., (2015) PGs: (n = 10)
HC: (n = 10)
Fujimoto et al., (2017) = PGs: (n = 21)

Gelskov et al., (2016)

Miedl et al., (2015)

Schneider et al.,
(2022)

Sescousse et al., (2013)

Wiehler et al., (2021)

Active: (n=5)

Abstinent: (n= 16)

HC:(n= 29)
PGs: (n =14)

HC: (n=15)

PGs: (n=15)

HC: (n=15)

PGs: (n=12)

HC: (n=12)

PGs: (n=18)

HC: (n=20)

PGs: (n=23)

HC: (n=23)

Gender

PGs: Male (n = 8)
Female (n = 2)

HC: Male (n = 8)
Female (n = 2)

All male

All male

All male

Gender distribution
not detailed

All male

All male

Mean age (SD)

PGs: 34 (8.53)

HC: 36.2 (12.95)

PGs: 34.7 (8.82)

HC: 30.9 (10.4)

PGs: 29.43 (6.05)

HC: 29.87 (6.06)

PGs: 36.7 (5.8)

HC: 36.8 (5.6)

PGs: 39 (19.1)
HC: 36 (11.5)

PGs: 34.1 (11.6)

HC: 31(7.3)

PGs: 25.9 (6.5)

HC: 26.5 (5.9)

Gambling severity measure

SOGS
PG 8.53+ 3.48
HC ox0

GACS

Before scanning:

PG: Craving anticipation

mean = 14.25 (SD = 4.93)
HC: Craving anticipation

mean = 4.58 (SD = 2.02)

After scanning:

PG: Craving anticipation
mean = 17.67 (SD = 3.14)
HC: Craving anticipation
mean = 6.00 (SD = 2.00)

GACS
Scores not reported

SOGS
PG 11.36+3.97
HC 0.33+£0.9

SOGS
PG 10.9+2.8
HC 0.8+1.3

KFG
PG 34.1£7.6
HC 2.7+4.5

SOGS
PG 8.88+3.76
HC 1.44+0.73

SOGS
PG 9.2+2.6
HC 0.05+0.2

SOGS
PG 8.6+4.5
HC 0.2+0.5
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KFG

17

PG 25.9+14.1
HC 0.5+1.1

Note. GACS = Gambling Craving Scale, HC = Healthy Controls, KFG = Kurzfragebogen zum

Gliicksspielverhalten, PGs = Pathological Gamblers, SOGS = South Oaks Gambling Screen,

Table 2

Main Findings of Included Studies

Reference Gambling task Neuroimaging

analysis
Brevers et al., Card-deck Whole-brain
(2015) paradigm

Fujimoto et al., Goal-instructed ROI
(2017) gambling task
Gelskov et al., Mixed gain-loss Whole-brain,
(2016) gambling task ROI
Miedl et al., (2015) = Monetary choice = ROI
task
Schneider et al., Probability Whole-brain

(2022) discounting task

Sescousse et al., Incentive delay ROI

ROI

dIPFC

Caudate nucleus
Putamen
Globus pallidus
Insula

dIPFC

dACC

dmPFC

Right anterior insula

dIPFC

ACC

Amygdala
Caudate nucleus
Precuneus

Cingulate cortex
Insula
Thalamus

Ventral striatum
OFC

OFC

Behavioural
findings

PGs took more bet
choices than safe
choices and did not
bet differently under
risky vs. ambiguous
conditions

PGs and HC behaved
equally in choice
pattern

PGs were less loss
averse than HC

PGs had higher delay
discount values
compared to HC

PGs exhibited lower
discounting rates
compared to HC

PGs showed a

Neuroimaging
findings

PGs exhibited
increased right
striatal activation in
bet over safe choices

PGs exhibited lack of
sensitivity to
uncertainty in the left
dIPFC and the right
insular cortex

PG patients showed
less flexible risk
attitude adjustment,
linked to diminished
left AIPFC activity

PGs exhibited
hypersensitivity to
extreme gain/loss
ratios in the bilateral
dorsal caudate
nucleus and bilateral
dIPFC

Increased activity in
right dIPFC compared
to HC, reflecting
diminished loss
aversion

PGs showed extensive
activation of the
bilateral insula and
thalamus during
larger delayed reward
versus smaller instant
reward choices

Similar neural
activation of the OFC
and ventral striatum
was found bilaterally
in both PGs and HC

PGs showed a
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(2013) task Ventral striatum
Wiehler et al., Four-armed ROI vmPFC
(2021) bandit task PCC
Anterior insula
ACC
dACC

Substantia nigra
Ventral striatum

decreased response
to erotic cues
compared to healthy
controls

Directed exploration
substantially
reduced in PGs

18

significant bilateral
activation in the
ventral striatum when
presented with
monetary cues
compared to erotic
cues

No significant
differences in the
bilateral ventral
striatum between HC
and PGs of basic task
variables, expected
value and prediction
errors

Note. ACC = Anterior Cingulate Cortex, dIPFC = Dorsolateral Prefrontal Cortex, dmPFC =

Dorsomedial Prefrontal Cortex, HC = Healthy Controls, PCC = Posterior Cingulate Cortex,

PGs = Pathological Gamblers, OFC = Orbitofrontal Cortex, vimPFC = Ventromedial Prefrontal

Cortex

Discussion

The aim of this systematic review was to investigate how the brain’s reward system

and decision-making processes differ in individuals with PG compared to HC, based on

findings from fMRI studies. Across the reviewed literature, consistent alterations were

reported in cortico-striatal-limbic regions, particularly in the dIPFC, the ventral striatum, and

the insula. These regions are respectively involved in reward sensitivity and processing,

impulse regulation, and decision-making.

Involvement of the Dorsolateral Prefrontal Cortex in Pathological Gambling

The dIPFC plays a key role in executive functions such as working memory, inhibitory

control, cognitive flexibility, and goal-directed decision-making. This type of top-down

behavioural regulation makes it a particularly central region in understanding the impaired

self-control and compulsivity seen in PG (Stetzka & Winter, 2021).

Findings across the reviewed studies suggest that the dIPFC does not behave

uniformly across all gambling-related decision-making contexts, with both increased and

decreased activation reported based on the specific task demands. For example, Gelskov et al.
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(2016) observed increased dIPFC activation in PGs during exposure to gambling-related
decision stimuli (pie charts showing mixed gables) compared to neutral control stimuli.
Crockford et al. (2005) suggests that increased activity in this region may indicate a higher
sensitivity to gambling-related cues, since these may capture more attention or trigger
greater cognitive processing in PGs. This could possibly be due to their learned association
between these cues and rewarding outcomes. The findings also suggest that the dIPFC may
play an additional role in craving and reward expectancy processes in the context of
gambling. Alternatively, Clark et al. (2018) suggest that this increased activation could reflect
a compensatory mechanism, where greater effort is required to exert cognitive control under

the highly emotionally salient conditions during gambling.

Fujimoto et al. (2017) observed reduced dIPFC activation during risk-modulated
decision-making in a gambling task that required participants to flexibly adjust their
risk-taking behaviour based on changing quota conditions. The reduced dIPFC activation
suggests a failure to appropriately engage this control system when integrating complex
probabilistic information. These seemingly opposing results of the two studies may reflect the
complexity of the dIPFC’s involvement in different stages of reward-related decision-making
and its sensitivity to task context. For instance, heightened engagement of the dIPFC during
high-stakes gambling tasks, might represent increased cognitive effort or conflict monitoring
in PGs, whereas reduced activity during risk evaluation may point to deficits in regulatory

control when needing to inhibit impulsive choices.
Involvement of the Ventral Striatum in Pathological Gambling

The ventral striatum plays a major role in both reward processing and
decision-making systems in humans (Haber, 2011). The ventral striatum helps to
differentiate between what we find rewarding and whether we want more of it. Dopamine is
released in the ventral striatum when experiencing or anticipating a rewarding event, and
decreases when a reward is either omitted or not received. This heavily plays into gambling

strategies and motivations, becoming an interesting area for PG studies.
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As the ventral striatum has such a central role in the reward system, it is not a
surprise that this region was implicated in the majority of the studies included in this review.
Sescousse et al. (2013) found an increase in bilateral activation of the ventral striatum when
PGs were shown gambling cues, but not erotic ones. This finding was correlated to the
gambling severity of the participants, i.e., the more severe the gambling behaviours were, the
larger the activation of the ventral striatum when presented with gambling cues was.
Previous studies have found a decrease in striatal activity for PGs when anticipating a reward,
supporting the reward deficiency hypothesis, meaning that PGs have to gamble with larger
amounts of money or with a higher frequency compared to HC, to obtain the same rewarding
feeling (Luijten et al., 2017). Contradicting this, Wiehler et al. (2021) found that basic reward
processing in the ventral striatum might be intact for PGs, as activation patterns did not
differ from those of HC, in their four-armed bandit task. However, as their task did not
include any gambling, monetary, or probability cues it must be considered to what extent it
resembled an actual gambling scenario. In the study by Schneider et al. (2022) similar
patterns of activation in the ventral striatum were found between PGs and HC in a probability
discounting task. Likewise, Gelskov et al. (2016) found no significant differences in activation
of the ventral striatum between PGs and HC in a mixed gain-loss gambling task. The findings
from both Schneider et al. (2022) and Gelskov et al. (2016) support the claims made by

Wiehler et al. (2021) that reward processing functions may be intact in PG.

This finding could mean that behaviours in PG, such as chasing one’s losses and
gambling beyond one’s means, are not driven by functional differences in the reward
processing system. Instead, PG may rely more on problems related to issues with executive
functions, such as in decision-making, loss aversion, and cognitive control over reward

sensitivity or anticipation.

Involvement of the Insula in Pathological Gambling

In addition to its relatively concealed anatomical location (Uddin et al., 2018), the

insula is an important component in several sensorimotor and socio-emotional processes.
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The insula has been shown to be involved in socio-emotional processes relating to emotional
experience, empathy and social cognition but also risky decision-making, specifically for

decisions made under uncertainty. This becomes highly relevant in gambling situations.

The insula was seen to activate differently between PGs and HC groups,
demonstrating how PG affects decision-making under uncertainty. Brevers et al. (2015)
found that for HC, activation in the right insular cortex increased when making decisions in
the risky conditions compared to the ambiguous conditions. In contrast, PGs did not exhibit
any differences in brain activation, nor strategy, depending on whether they were making a
choice under risky or ambiguous conditions. Despite this, when choosing to take a bet over
the safe choice, the right posterior insula was activated for PGs, showcasing that there is
some awareness of the riskiness of the choice, but not to the same extent there is in HC.
Based on results from Fujimoto & Takahashi (2016) where only healthy participants were
tested using the same task, Fujimoto et al. (2017) expected to see a diminished encoding of
the increasing risk level of decisions - referred to as “ quota severity” in the right anterior
insula for PGs. No significant activation was found in the right anterior insula in relation to
quota severity, meaning that despite the varying riskiness of the choice, activation levels of
the right anterior insula did not differ. The authors, however, did find that activation of the
right anterior insula correlated with abstinence duration, which could explain why
participants with a longer period of abstinence had results similar to HC. Miedl et al. (2015)
suggested that PGs preferred immediate over delayed rewards, and found that when PGs
chose delayed rewards, it required substantial activation of the sensorimotor cortex, insula,
and thalamus. Moreover, the authors found that for indifferent choices, where the immediate
and delayed reward are valued to be near equal for the participant, PGs required activation in
more areas including the insula, striatum, and bilateral fronto-parietal cortex compared to

HC.

These findings suggest that PGs are less risk sensitive in comparison with HC. As a

consequence PGs tend to not change strategy despite the probability of a successful gamble,
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which can lead to increased losses. However, it is of course not impossible for PGs to make an
adjustment in strategy, it just requires additional recruitment of brain areas most commonly

associated with executive control processes, speaking to the impulsive nature of PG.
Limitations and Directions for Future Research

One main limitation, both in our own review and within the seven included studies, are the
small sample sizes, with most studies involving fewer than 30 participants per group.
Another factor which limits the generalizability of the findings, is that all studies, except for
Brevers et al. (2015) and possibly Schneider et al. (2022), which did not specify the gender
distribution in their sample, only included male participants. The argument for only using
males was that PG predominantly affects males, with 11.9% of men compared to 5.5% of
women experiencing some sort of risk gambling globally (Wardle et al., 2024). However it is
highly important to not forget that women also struggle with PG, and that it has, in recent
years, become more common amongst women (Holdsworth et al., 2012). Future studies
should aim to improve generalizability by having larger sample sizes consisting of both men

and women, coming from diverse socioeconomic backgrounds.

Another limitation is the heterogeneity of the tasks used across the studies, as we
selected articles that employed different experimental paradigms for testing and measuring
PG behaviours. Currently, the SOGS and GACS are the most commonly used scales for
measuring the severity of gambling behaviours of the population, since they have been shown
to be the most useful for accurately distinguishing PGs from HC. In the future it would be
interesting, if possible, to have a way of distinguishing PGs from HC that measures the
cognitive aspects of PG instead of behavioural ones. How much the specific tasks were
designed to resemble an actual gambling scenario also differed between studies. The task
design in the study by Wiehler et al. (2021) did not include any gambling nor monetary cues
which could have affected the results by not triggering a proper gambling response for the
PGs, leading to no significant performance differences being found between the two groups.

Thus highlighting the importance of using tasks resembling reality. Aiming to be as close to
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the realistic experience, could for future studies mean utilizing virtual reality (VR) techniques
to simulate gambling experiences and tasks. Incorporating further sensory modalities such as
auditory and olfactory inputs, could help better approximate the actual sensation of being in

a casino.

Societal and Ethical Aspects

Gambling is a common activity globally, with more individuals engaging in it than
abstaining (Calado & Griffiths, 2016). Certain demographic groups, particularly males, young
adults, individuals who are non-married, and those with low income have been identified to
be at the most elevated risk for developing PG (Abbott, 2017). The growing prevalence of
gambling can be attributed to increased accessibility, social acceptance and aggressive
marketing, particularly through online platforms (e.g online casinos, sports betting sites).
Gambling was previously confined to physical casinos and bookmakers, but as internet use
has become an integrated part of daily life (Ghelfi et al., 2024), gambling is now possible at
any time and anywhere. This shift allows those at risk for PG to gamble anonymously and to
bypass country-specific regulations (Hagfors et al., 2023).

Beyond the clinical factors, the societal environment in which gambling occurs plays a
central role in its development and maintenance. In many regions, gambling is not only
widely and easily accessible, but also heavily glamorized and promoted through advertising,
sponsorships, online resources and cultural normalization of gambling itself (Thomas et al.,
2023). Targeted marketing, often aimed at young adults, can normalize gambling while

downplaying associated risks.

Modern technologies have lowered the barrier to entry, allowing for constant, private

engagement without any oversight. Cultural norms also contribute to increased gambling in
societies. In some regions, gambling is woven into tradition and socializing which Thomas et
al. (2023) says complicates efforts to identify harmful behaviour and seek help without the
individual facing stigma. These influences raise concerns about corporate responsibility and

regulatory intervention. Continuous exposure to gambling cues, especially for neurologically



REWARD AND DECISION-MAKING IN GAMBLING 24

vulnerable individuals, blurs the line between choice and exploitation. Public policy could
mitigate harm through stricter advertising rules, limited design, and accessibility of gambling

platforms and educational initiatives that promote awareness and responsible gambling.

Conclusion

The aim of this review was to investigate neural mechanisms underlying reward
processing and decision-making in PG. Findings indicate key alterations in brain regions
such as the dIPFC, ventral striatum and insula, with individuals with PG showing impaired
cognitive flexibility and risk evaluation. These results suggest that disrupted neural activity
contributes to persistent gambling behaviour. Understanding these mechanisms may

promote the development of effective, targeted treatment and promote responsible gambling.

Final word count: 6670
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