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Gambling disorder (GD), previously called pathological gambling and classified as an impulse control disorder in
DSM-III and DSM-IV, has recently been reclassified as an addictive disorder in the DSM-5. It is widely recognized as
an important public health problem associated with substantial personal and social costs, high rates of psychiatric
comorbidity, poor physical health, and elevated suicide rates. A number of risk factors have been identified, including
some genetic polymorphisms. Animal models have been developed in order to study the underlying neural basis of
GD. Here, we discuss recent advances in our understanding of the risk factors, disease course, and pathophysiology.
A focus on a phenotype-based dissection of the disorder is included in which known neural correlates from animal
and human studies are reviewed. Finally, current treatment approaches are discussed, as well as future directions for
GD research.
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Introduction
Behavioral addictions are increasingly being recognized as psychiatric disorders and garnering the
interest of the scientific community. Gambling disorder (GD) is often considered the prototypical
example of a behavioral addiction and is currently
the only one included in DSM-5. Although still
understudied, GD is now widely recognized as an
important public health problem associated with
substantial personal and social costs, high psychiatric comorbidity, poor physical health, and elevated
suicide rates.1 As gambling activities are present in
almost every culture, gambling problems are also
ubiquitous: worldwide, around 0.2–5.3% of the
adult population develops a GD at some point in
their lives.2 In view of evidence demonstrating that
GD and substance use disorders (SUDs) share similar clinical risk factors and high rates of comorbidity
a
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and clinical expression, DSM-5 now includes GD as
a “Substance-Related and Addictive Disorder.”3,4
Gambling-related disorders have received a
variety of names, with the same term sometimes
used to define two or more different constructs.
Before the DSM-5, pathological gambling was considered an impulse-control disorder not elsewhere
classified, and generally used to include individuals
who met five or more DSM-IV diagnostic criteria,
with problem gambling often referring to individuals meeting 3–4 criteria. Disordered gambling was
often used to encompass both problem and pathological gambling. Because problem and pathological gambling are often seen as a continuum,5 the
present review draws on data from studies that
include problem gambling, pathological gambling,
disordered gambling, and DSM-5–defined GD. This
review uses the term GD to denote all of these
terms and is not circumscribed to GD as defined
in DSM-5. Because there are several recent comprehensive reviews of GD,6–11 the aim of this review is
doi: 10.1111/nyas.13356
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to integrate key relevant findings from human and
animal studies focused on the identification of the
biological basis of phenotypes that are central to
GD. Specifically, we synthesize selected neuroimaging and treatment studies that include individuals
with GD and also individuals participating in gambling tasks and attempt to integrate this information
with studies from animal models that offer insights
into the pathophysiology of GD. Our focus on key
phenotypes found in patients with GD is to aid in
bridging the translation gap in GD research. We
highlight studies that use parallel tasks to study these
phenotypes in animals and humans, as we believe
these hold potential for elucidating the mechanisms by which treatments may lead to improved
clinical outcomes. Last, we discuss directions for
future research that may help advance the field
of GD.
Risk factors
Prevalence rates across the world report past
12-month rates of GD ranging from 0.2% (Norway)
to 5.3% (Hong Kong).2,12,13 In the United States,
the largest national epidemiological survey reported
a 0.4% lifetime prevalence of GD.14 The lifetime
prevalences for men and women were 0.64% and
0.23%, respectively.
A large number of studies have documented
a broad range of risk factors for GD, including
sociodemographic characteristics, such as male
gender, younger age, neighborhood disadvantage,
and low socioeconomic status.15–17 Early exposure
and initiation of gambling activities;18 gambling
availability;19 psychiatric comorbidity, including
SUDs;20,21 adverse childhood events;22 and a family
history of GD or SUD23 have also been identified
as risk factors for the development of GD. There
has been less work directed at examining how these
different risk factors relate to each other or the role
of those relationships in the etiology of GD. One
of the earliest approaches to integration, the pathways model,24,25 proposed the existence of three
progressively more severe subgroups of individuals
with GD: behaviorally conditioned, emotionally
vulnerable, and antisocial impulsivist. Behaviorally
conditioned disordered gamblers are distinguished
by the absence of specific premorbid features of
psychopathology and gamble primarily as a result
of the effects of conditioning, distorted cognitions
surrounding the probability of winning, and poor
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decision making rather than because of impaired
control. Emotionally vulnerable disordered gamblers have the characteristics of the behaviorally
conditioned subtype, but also have mood disorders
that precede GD, a history of poor coping and
problem-solving skills, problematic family background experiences, and major traumatic life events;
they gamble primarily to modulate affective states
or meet specific psychological needs. Antisocial
impulsivists possess psychosocial and biologically
based vulnerabilities similar to those in emotionally
vulnerable subtype but are primarily distinguished
by features of impulsivity, antisocial personality
traits and behaviors, and attention deficits, manifesting in severe multiple maladaptive behaviors,
including comorbid addictions. More recently,
taking a developmental perspective and on the basis
studies suggesting that the etiology of most psychiatric disorders is largely multifactorial,26 one study
used the largest epidemiologic survey in the United
States to describe a conceptual model for GD.27
The study found that a broad range of childhood,
adolescence, and adulthood variables increased
the likelihood of lifetime GD when examined
individually. However, only social deviance in early
adolescence, the number of comorbid personality
disorders, past history of GD, and past-year nicotine
dependence predicted GD after adjusting for the
effect of covariates. Interestingly, the study did not
find significant gender interactions in the model.
Certain cultural groups appear more vulnerable
to early gambling initiation and the development
of GD.28 In the United States, Native Americans,
Asians, and blacks show a greater prevalence of GD
compared with whites.29 These findings are similar
to those found in aboriginal groups in other countries, including Canada, Greenland, and Australia.19
Risk factors for GD, such as socioeconomic disadvantage and a higher prevalence of psychiatric
disorders, including SUDs, are more prominent in
certain ethnic and racial groups. Beliefs, values,
gambling availability, and cultural acceptability
toward gambling also vary in different parts of the
world.28 For some ethnic and racial groups, difficulties during immigration include unemployment,
language barriers, and social exclusion, which may
lead to increased gambling participation. Finally,
the high levels of stigma toward seeking help may
play a role in the perpetuation of GD in some
cultures.30
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Course and prognosis
The course of GD is variable, with some individuals having an episodic condition and others having a
more chronic course.31 It has been suggested that the
gender gap for the prevalence of GD is closing and
that, although GD in women may start later in life,
the time elapsed between the age of regular involvement in the primary gambling activity and the age
at onset of the disorder (latency of GD onset) may
be a shorter, a course described as the telescoping
phenomenon.32,33 Although the lifetime prevalence
for GD is higher in men than in women, when the
prevalence of GD is examined within the sample of
individuals who gamble (five or more times in at
least 1 year of their life), 1.92% of men and 1.05% of
women meet criteria for pathological gambling and
20.43% of men and 15.09% of women meet criteria for problem gambling.32 Thus, it is possible that
other factors, including increased exposure to gambling, social norms opposing gambling in women,
or treatment-related issues, may partially account
for some of the prevalence differences. Gender differences have been observed in gambling. While
men with GD are more likely to engage in strategic
or “face-to- face” forms of gambling (e.g., poker),
commit illegal acts, and have SUDs, women with
GD are more likely to report problems with nonstrategic, less interpersonally interactive forms of
gambling (e.g., slot machines) and to use gambling
to escape problems.34–36 Individuals with earlieronset GD (before age 25) are more likely male, less
likely to have a mood disorder, and more likely to
belong to younger cohorts.37 One study suggested
that the latency of GD onset is shorter for slot
machine gamblers.38 The study did not find an effect
of gender or comorbid disorders on the latency of
GD onset, leading to the hypothesis that the shorter
latency could be related to the social, environmental,
and stimulus features of machine gambling.
Compared with the general population, individuals with GD are at increased risk for suicide.39
Studies in Austria, Germany, and the United States
have reported rates of suicidal ideation and suicide attempts among individuals with GD ranging
from 17% to 80% and 4% to 23%, respectively.40 In
treatment-seeking populations, other studies have
reported that 32% of individuals with GD have experienced suicidal ideation and 17% have made at least
one suicide attempt.41 The largest epidemiologic
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survey in the United States reported that 49% of
individuals with GD had a lifetime history of suicidal ideation, and 18% had made a suicide attempt.39
Despite findings on decreased quality of life in GD,
increased medical and psychiatric comorbidity, and
often chronic course, only 10% of individuals with
GD ever seek treatment for GD, although treatmentseeking rates appear higher for those with greater
disorder severity.31 Commonly reported barriers to
GD treatment include individuals’ wishes to handle
the problem on their own, shame/stigma, difficulties
acknowledging the problem, and treatment-related
issues (availability of effective treatments, cost, and
time concerns).42
Animal models of GD
As with other psychiatric disorders, the use of animal models has been critical to a better understanding of the pathophysiology of GD. A number of
rodent models of gambling with good face validity
have been developed. These are mostly based on the
human Iowa gambling task (IGT), in which subjects make a series of card choices from four decks
that result in winning or losing hypothetical money.
Unbeknown to the subjects, two decks are “risky”
(associated with large wins but larger losses) and
lead to debt. The other two decks are “safe,” yielding smaller wins but negligible losses. While healthy
subjects develop a preference for the safe decks over
100 trials, individuals with GD maintain a preference for the risky decks, accumulating debt.43–45
Many of the first paradigms developed to model
gambling behavior in animals were designed based
on the human IGT.46–48 One of the first of these
was the rat gambling task (rGT), which uses a classic operant box with four nose-poke holes given
as choice options with each assigned a “win” value
(number of sugar pellets ranging from 1 to 4), a
“loss” value (length of time-out from 5 to 40 s),
and a risk value (probabilities of receiving reward
ranging from 0.4 to 0.9), similar to the four decks
in the IGT.46 Instead of money, the rodent task uses
a primary reinforcer as a reward—the sugar pellets
are palatable for rodents and are further rewarding because the rats are generally maintained under
mild food restriction. During a learning period,
rats are required to sample each option. The task
is designed to have advantageous options in a given
session length, and rats successfully learn to choose
the most advantageous option with the maximal
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long-term payout. That is, they can accurately assess
probability over many trials, and it is clear that the
magnitude of wins and losses is salient. Once the task
is learned, the effect of pharmacological manipulations on choice can help provide a better understanding of the neural circuitry of gambling.
Other gambling paradigms use intracranial selfstimulation (ICSS) as a reward instead of food.49,50
While more invasive (surgically) and used less frequently, ICSS has some advantages by eliminating
potential feeding-related confounds. Specifically, in
food-restricted subjects, the value of the rewards
can diminish over the course of a session, since subjects become increasingly sated with the delivery of
more food rewards, while the ICSS rewards maintain
the same value throughout the session. Additionally,
manipulations that affect performance in the rGT
may have effects via feeding-specific circuits rather
than having direct relevance to gambling.
Paradigms for use in mice have also been
developed, which are important because they allow
the use of the many genetic, viral, optogenetic, and
in vivo imaging tools available in mice. The mouse
version of the Iowa gambling task (mIGT) uses
the same paradigm as the rGT.51,52 Additionally,
nonoperant-based tasks have been developed and
used in rats and mice, which measure choice behavior with a multiarm maze.48 In one version of this
paradigm called the mouse gambling task, each arm
of the maze offers an immediate smaller reward (one
or two sugar pellets) and then a subsequent larger
reward (three to five sugar pellets) or an equivalent
“nonreward,” which was nonpalatable quinine pellets, with probabilities ranging from 0.05 to 0.9.53
This latter mouse paradigm is interesting because
it includes the receipt of nonpalatable pellets instead
of the absence of the reward plus a time-out, which
is given in the rGT and mIGT. However, in some
cases, rats are excluded if they consume the nonpalatable quinine pellets, limiting the benefit of this
additional nonreward.54 Overall, the representation
of loss seems to be one of the most difficult aspects
of gambling to model. In the rGT and mIGT, losses
are modeled as time-outs from the task, in which
the rats are unable to “play the slots” for a period of
time. This modeling of loss is not the opposite of a
reward, but rather a time period in which wins cannot be achieved. Other tasks model losses in the form
of foot shock, which seems to be a representation
of punishment rather than loss.55 The nonpalatable
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pellets may most closely mimic the negative context
associated with loss.
These rodent gambling assays have been used in
conjunction with pharmacologic and lesion methods to investigate the neural basis of gambling
behavior. The studies provide a complex story of
how globally or locally altering neurotransmission
affects this multifaceted behavior, which includes
aspects of behavioral inhibition, risk taking, probabilistic discounting, temporal discounting, timing
distortions, working memory, incentive salience,
hedonic value, motivation, and satiety.
Pathophysiology
Although the pathophysiology of GD is not fully
understood, there appears to be broad consensus
that a number of core phenotypes are involved,
including increased impulsive behavior, risky decision making, increased sensation seeking, the
presence of cognitive distortions, increased compulsivity, and altered reward sensitivity.56–60 Importantly, all of these phenotypes can be readily
modeled in rodent paradigms with good construct
and face validity.46–49,54,61–65 In the following sections, we summarize human and animal studies
examining these different GD phenotypes.
Decision making
Individuals with GD have deficits in decision making, as measured in the IGT.58,66 Additionally, poor
performance on the IGT is predictive of problem
gambling.67 These deficits are seen even in cases
where there are explicit descriptions of probabilities and outcomes, suggesting that the assessment of
probabilities is not the underlying issue, but rather
making decisions on the basis of the probabilities.68
In addition to the rodent gambling tasks, gamblingrelated decision making has also been modeled in
rodents using probabilistic discounting tasks. These
tasks measure the impact of risk on reward valuation, and the operant task generally consists of
two options (levers or nose-poke holes) that give
a small and reliable reward or a large risky reward
but have equivalent expected values. This paradigm
has also been referred to as the rodent betting
task (rBT).69
Overall, many monoaminergic systems have been
linked to decision making in these rodent gambling
tasks, and, in particular, there has been a lot of focus
on dopamine (DA). For example, amphetamine has
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been reported to increase choice for the risky lever
in rats, which is modulated through DA signaling
at the D1 and D2 receptors.70 On the other hand,
activation of D3 receptors has the reverse effect and
causes decreases in selection of the risky option.
However, in other tasks, such as the rGT, and when
punishment with a foot shock replaced the absence
of reward in the risky trials, amphetamine actually
decreased the risky choice, highlighting the importance of drug doses and paradigm differences.46,55,71
In mice, knockdown of the gene encoding the DA
transporter, which causes increased extracellular DA
levels, results in riskier choices in the mIGT.52 This
may be due to developmental effects on DA signaling, because increasing DA transmission alone
with pharmacological blockade of the transporter
in the adult rat caused no effect on choice behavior
in the rGT.72 In electrophysiological experiments,
probability of reward correlates with phasic DA
activation.73 This may be in part due to inhibitory
tone on DA neurons. In mice, genetic deletion of
the ␤3 subunit of GABAA receptors on DA cells,
which attenuates inhibitory tone on DA neurons,
causes increased risk-taking behavior in a probabilistic selection task.74
Interestingly, blockade of norepinephrine (NE)
or 5-HT signaling alone did not have an effect
on performance in the rGT, but the combined
increase in DA and NE or DA and 5-HT did impair
performance.75,76 This suggests that the interaction
of transmitter systems is important for this complex paradigm modeling gambling-like behavior.
Although increase in serotonin signaling with selective serotonin reuptake inhibitors (SSRIs) alone does
not have large effects on gambling-like behavior
in the rat, activation of 5-HT1A receptor signaling specifically with 8-OH-DPAT impairs performance on the rGT, causing rats to increase their
choice of the suboptimal option.46 The effect of the
agonist was eliminated when the time-out durations were equalized between the options, suggesting that 5-HT1A activation possibly increases aversion to the longer time-outs.46 This converges with
results from a human positron emission tomography (PET) imaging study showing a correlation
between 5-HT1A binding in the hippocampus and
greater sensitivity to probability of winning.77 Additionally, blockade of 5-HT2A with ketanserin in
humans caused participants to be more risk averse,
which was mediated by changes in ventral striatum
110

(VS) activity as measured by functional magnetic
resonance imaging (fMRI).78 Surprisingly, there is
a paucity of parallel research from rodent models
linking 5-HT2A to risky decision making.79
Cortical mechanisms of action of risk-based decision making have also been studied in rodent models of gambling. For example, inactivation of the
orbitofrontal cortex (OFC) increased risk-taking
behavior in the most risk-averse rats on the spectrum of variation of behavior in the rBT.69 This
is consistent with other reports of inactivation of
the OFC increasing risk in probabilistic discounting tasks.80 Additionally, reduced inhibition of the
medial prefrontal cortex (mPFC) in rats (through
local injection of a GABA antagonist) reduced risktaking behavior.81 Lesions of the agranular insula
and OFC also impaired performance on the rGT.
However, OFC lesions that were made after the
rules of the task had been learned did not affect
performance, suggesting that OFC lesion effects
may be, in part, due to deficits learning the task
rules rather than influencing risk-based decision
making, which was impaired with agranular insula
lesions.82,83 Rats also increased their choice of disadvantageous options following inactivation of either
infralimbic or prelimbic cortical regions.84
In general, the animal studies are consistent with
the evidence linking the prefrontal cortex (PFC)
to risk-based decision making in humans. Neuropsychological studies of GD individuals have
reported that they have deficits in risky decision
making that resemble deficits seen in individuals
with lesions in the ventromedial prefrontal cortex
(vmPFC) as measured with the IGT.85 In fMRI
studies of GD patients, there is altered activation
of the OFC and vmPFC during risky decisions.86–88
Additionally, lesions of the OFC result in impaired
performance on the IGT, with patients preferring
riskier, less advantageous long-term strategies.85,89
Also, application of transcranial direct current
stimulation to the OFC results in more advantageous decision making in the IGT.90 Some studies suggest that the difficulties in decision making in individuals with OFC lesions may be due
to a disrupted reversal learning (as seen by a
failure to rapidly learn from negative feedback),
and that the OFC is critically involved in representing the relative value of stimuli and plays
a role in reinforcement learning and value-based
judgment.91,92
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Impulsivity
Increasing evidence supports the dissociation of
multiple components of impulsive behavior.93–96
Two of the most commonly referenced components
are impulsive action and impulsive choice. While
the latter concerns the ability to delay gratification,
the former is characterized as the ability to withhold
responses. Individuals with GD have impairments in
both of these dimensions of impulsive behavior and
consistently score high on measures of trait impulsivity (e.g., high scores on the Eysenck Impulsivity
Scale).8,45,97,98
Impulsive action is measured in tests of premature
responding and behavioral inhibition. In humans,
go/no-go and stop signal tasks (SST) are used, and
GD individuals show deficits in performance on
these neurocognitive tests.99,100 In rodents, impulsive action is commonly tested in operant behavior
paradigms, including differential reinforcement of
low-rate responding (DRL), go/no-go, and 5-choice
serial reaction time task (5-CSRTT), which closely
follow behavioral tests used in humans and assess
the ability of rodents to delay or withhold responses
that are associated with a reward.97,101–103 DA signaling has been strongly implicated in the modulation
of this type of impulsive behavior.104,105 Administration of amphetamine increases premature responding in rats,94,106,107 as does specific inhibition of
DA reuptake.108 However, amphetamine generally improves behavioral inhibition in humans,
which adds to the complexity of the translational
interpretation.109,110 However, one study found that
amphetamine increased self-reported motivation
for gambling in individuals with GD and that
the severity of their GD predicted positive subjective effects of the drug and motivation to gamble
when taking it.111 Interestingly, in rats, exposure
to gambling-like reward delivery was sufficient to
result in increased sensitization to amphetamine.112
Another study in individuals with GD found that
the dopaminergic response to amphetamine was
positively associated with D3 receptor levels in the
substantia nigra and that it was related to GD
severity.113
The reports on correlations between impulsive
behavior and DA receptor function are mixed. In
one case, rats selected for high impulsive behavior
in the 5-CSRTT had higher levels of D2 mRNA in
the mesolimbic pathway compared with rats that
showed less impulsive behavior.114 Other studies
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show decreased D2 /D3 receptor levels in highly
impulsive rats.115 Although these receptor levels
were independent of DA levels, another study
showed that DA release was inversely correlated with
impulsivity.116 Pharmacological studies in rats suggest that D1 is also involved, as antagonists reduce
premature responding.117 These effects of DA are
mediated, at least in part, through signaling in the
shell of the nucleus accumbens (NAc),118 converging
with human neuroimaging studies that consistently
link changes in activity of the NAc with impulsivity
and severity of gambling.119,120
NE is also involved in the regulation of impulsive action. The NE reuptake inhibitor atomoxetine,
which is used as a treatment for attention deficit/
hyperactivity disorder (ADHD), reduces premature responding in rodents in the 5-CSRTT.94,121 In
healthy volunteers as well as in Parkinson’s patients,
atomoxetine has also been shown to reduce impulsive action as measured in the SST.122,123 It has
shown promise in treating some disorders in which
impulsive action is a key symptom, such as binge
eating disorder.124 However, this and other NEacting drugs have showed minimal efficacy in treating SUDs,125–127 and to our knowledge have not
yet been systematically studied as a treatment for
patients with GD.
Finally, serotoninergic signaling also has large
effects on impulsive action.72,128,129 Brain-wide
serotonin signaling has been implicated in the modulation of the neural circuits underlying impulsive
action in animal models. In rats, global depletion of
serotonin induces increases in impulsive action, and
SSRI administration decreases impulsivity in the
5-CSRTT.72,130 Additionally, optogenetic activation
of serotonin raphe neurons in mice results in an
increased ability to wait for rewards.131,132 There
is less evidence supporting effects of serotonin on
response inhibition in humans,122,133,134 except in
the context of Parkinson’s disease, where the SSRI
citalopram reduced impulsivity as measured by the
SST.135
Serotonin signaling through the 5-HT1B receptor
has been implicated in the regulation of impulsive
action.93,136 Specifically, genetic ablation of the
receptor in adult mice increases premature responding and induces deficits in behavioral inhibition in
DRL and go/no-go paradigms.137,138 In a human
PET imaging study, 5-HT1B receptor binding in
the VS, putamen, and anterior cingulate predicted
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severity of gambling.139 Additionally, the 5-HT2A
and 5-HT2c receptors have also been implicated in
response inhibition.140 In rodents, stimulation of
5-HT2C reduces premature responding and other
impulsive action behaviors; the antagonist increases
these behaviors.141–143 Interestingly, the 5-HT2A
receptor seems to work in opposition to 5-HT2C signaling. Stimulation of 5-HT2A receptors increases
premature responding, with antagonism decreasing
this type of impulsivity.143,144 Additionally, density
of 5-HT2A receptor binding is correlated with
increased premature responding, and levels of
receptor expression are also increased in the brains
of rats that show high levels of impulsive behavior
in the rGT.145,146 Finally, the 5-HT2B receptor is
also implicated in the regulation of impulsivity in
both humans and mouse models, with reduced
expression associated with increased impulsivity in
a number of domains of impulsive behavior.147
Impulsive choice, another facet of impulsive
behavior, refers to the ability to delay gratification.
Individuals with GD consistently discount delayed
rewards at a higher rate than normal controls, preferring small immediate rewards over large delayed
ones.97,101 In rodents, impulsive choice is measured
in operant tasks that are similar to neurocognitive
tests used in humans. These tasks provide rodents
with a choice between a smaller, immediate reward
or a larger delayed reward. Alterations in DA
signaling alter this choice; however, the effects of
amphetamine on impulsive choice are complex
and vary with sex, strain, and paradigm.148–151 D1
antagonists, as well as dopaminergic lesions to the
dorsolateral striatum or the nucleus accumbens
core, increase impulsive choice in delay-discounting
tasks in rodents, resulting in choice of the smaller
nondelayed reward more often.152–154 In humans,
there is also an extensive and complex literature
linking DA to neural circuitry underlying “now
versus later” decisions, which are dysregulated in
addiction and GD.155
Serotonin is also implicated in the neural basis of
impulsive choice. In humans, low serotonin levels
are associated with increased impulsivity in delaydiscounting tasks.156 While in rodents, 5,7-DHTinduced serotonin lesions alone have no effect
on impulsive choice, they do attenuate the increased
impulsivity resulting from d-amphetamine
administration.157 One purported locus for this
serotonin–DA interaction is within the NAc, since
112

the effects of systemic 8-OH-DPAT are blocked by
intra-accumbal DA lesions.158
Noradrenergic signaling is also implicated in
impulsive choice, and, similar to impulsive action,
atomoxetine reduces impulsivity in a rodent delaydiscounting task.159 There are also long-term effects
of chronic atomoxetine administration to rats during adolescence, which causes decreased impulsive
choice during adulthood.160 This suggests a role for
noradrenergic signaling in the maturation of the
neural circuits controlling impulsive choice and may
have implications for adolescents undergoing treatment for ADHD. Furthermore, modafinil, a DA–NE
reuptake inhibitor, significantly reduced the mean
bet size in individuals with GD, although it had bidirectional effects on subjective motivation to gamble
in individuals with low versus high impulsivity.161
Thus, some of these differences may be related to
the heterogeneity of individuals with GD.
Compulsivity
A shift from impulsivity to compulsivity, described
as a response perseveration and action with diminished relationship to goals or reward, has also been
described in GD.162 Slower contingency learning
and response perseveration have been described in
individuals with GD.163,164 For instance, compared
with healthy controls, one study showed that individuals with GD exhibited greater response perseveration on a card playing task where the optimal
strategy involves deciding to play less frequently.58
Using a measure of cognitive flexibility, the Wisconsin Card Sorting Task, one study found that, compared with healthy controls, individuals with GD
made significantly more perseverative errors.165
Top-down cortical control mechanisms drive
many regulatory behavioral mechanisms, including
compulsive behavior, and dysregulations in corticostriatal circuits have been implicated in the neural basis of compulsivity in both human and animal studies. Most of the studies on compulsive
behavior in humans have relied on obsessive compulsive disorder patients and report a hyperactive
OFC–striatum circuit and reductions in the volume of the OFC.166–168 Animal models of compulsive behavior have focused on repetitive behaviors
in models of obsessive compulsive behavior. These
studies have found a role for corticostriatal projections in the modulation of perseverative behavior,
as measured in grooming behavior. For example,
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repeated optogenetic stimulation of excitatory projections from the OFC to the ventral medial striatum
resulted in increased grooming behavior in mice,
potentially mimicking the hyperactive circuit found
in human patients.169 However, in another study
using a genetic mouse model that lacks a synaptic scaffolding gene, Sapap3, and shows increased
baseline grooming, stimulation of a lateral OFC-tostriatum projection reduced this repetitive grooming behavior.170
Additional animal models, which are arguably
more relevant to the compulsive deficits found in
GD, use the persistence of motivation to obtain a
reward despite negative consequences as a measure
of compulsivity. In one mouse model of chronic
ethanol intake, dysregulated cortical glutamatergic
signaling was associated with punished responding
for ethanol.171 Specifically, GluN1 and GluN2A
subunits of NMDA receptors located in the medial
orbitofrontal cortex (mOFC) were upregulated in
mice that were less sensitive to the punishment (i.e.,
the mice that continued to seek ethanol despite
the footshock punishment). As might be expected,
these studies addressing continued motivation for
rewards despite negative consequences have also
revealed underlying neural mechanisms that are
linked to reward circuits. Specifically, in a paradigm
in which rats were overfed a high-fat palatable diet
for extended periods, the animals developed an
addiction-like phenotype in which rats persisted
to seek the palatable diet despite having to cross a
shock floor to receive it.172 Reduced expression of
D2 receptors in the striatum resulted in increased
vulnerability and faster onset of this compulsive
behavior.
Cognitive distortions
Several cognitive distortions have been identified in
GD. These include gamblers’ interpretations of their
chances of winning, their subjective feeling of control over outcomes, their attributions for failure,
their justifications for continuing to gamble, and
their estimations of their skills.43,173 For instance,
“chasing losses” refers to the belief that financial
losses can be recovered by continuing to gamble,
and people reliably make riskier decisions immediately following a loss compared with a win.174
While cognitive distortions are also found in infrequent gamblers, several studies have demonstrated
that these distortions are exacerbated in individu-
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als with GD and frequent gamblers.174,175 In healthy
controls, activity in the vmPFC and dorsal anterior
cingulate cortex were associated with choosing to
chase losses.176 In another study, frequent gamblers,
compared with nongambling controls, had reduced
activity in frontal cortical regions, including the dorsal anterior cingulate cortex, following losses, suggesting a possible decreased regulation of decision
making in these loss-chasing conditions. 174 Rodent
paradigms have been developed to model the cognitive distortions found in humans; for example,
chasing losses has been modeled in rats by allowing
rats to make a risky decision to attempt to fastforward through a time-out period, at the cost of
potentially doubling the time-out period.177 8-OHDPAT reduces chasing or “doubling-down” behavior, and instead rats chose the safer option more
often,177 implicating serotonergic signaling in the
neural basis of this cognitive distortion.
Near misses are another salient cognitive distortion in GD. Individuals with GD often interpret
near misses (e.g., cases in which the reels of the slot
machine land adjacent to a win) as evidence that
they are mastering the game, fostering an illusion
of control and a belief that they are not constantly
losing but rather constantly nearly winning.178 In a
study using a slot machine task that delivered occasional jackpot wins, near misses were associated with
a higher self-reported motivation to gamble compared with nonwins.179 In particular, these near-loss
outcomes cause increased activation of the VS and
anterior insula.179,180 While these neural patterns in
response to near misses are also present in recreational or occasional gamblers, in a sample of regular gamblers, the severity of gambling measured
by the SOGS (South Oaks Gambling Screen) was
predictive of increases in these neural patterns.180
A rodent slot machine task (rSMT) was designed
to measure near miss–related behavior. It presents
0–3 flashing lights, and rats are rewarded if they
choose to “cash out” by pressing a lever only when
three of the lights are flashing.181,182 A near miss
would include a trial in which two of the three lights
are flashing. D2 and D4 receptor agonists affected
the reward expectancies in the rSMT measured by
increases in cash out responses during near-miss
trials.182,183 The effects of the D4 agonist are
modulated, at least in part, through signaling in the
anterior cingulate cortex.184 In humans, mesolimbic circuits have also been implicated in this type of
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cognitive distortion, with heightened activity seen
in cortical mesolimbic regions during near-miss
events in fMRI studies.179,180,185 Furthermore, these
increases are greater in GD individuals compared
with controls.186 These imaging studies also
reported stronger striatal–insula connections when
gamblers had higher illusions of control.187 Finally,
the insula has also been strongly implicated in the
processing of near-miss events. In rats, inactivation
of the agranular insula impaired performance in
the rSMT by increasing reward expectancies when
one or two lights are illuminated.187 However,
humans with lesions in the insula are less motivated
by near-miss trials.188
Sensation seeking
Individuals with sensation seeking or novelty traits
tend to pursue varied, novel, complex, and intense
situations and experiences and are willing to take
physical, social, and financial risks for the sake of
these experiences.189 Sensation seeking and novelty
seeking have been consistently associated with problem behaviors in humans, including substance use
and risky sexual behaviors.189 Although there are
some differing reports based on the scales used and
the populations studied, there is strong evidence
supporting increased sensation seeking in patients
with GD compared with healthy volunteers.190
Novelty seeking and sensation seeking have also
been modeled in well-validated rodent paradigms.
In some tests, the time spent exploring a novel object
or novel environment is measured.191 In operant
tasks, rats will increase disadvantageous choices
when rewards are paired with audiovisual cues modeling the flashing lights and sounds of a winning slot
machine, suggesting that these cues are rewarding
or attractive.181 Furthermore, rodents will readily
press levers to obtain animated multisensory stimuli as the sole reward.192–194 Studies have examined
the neural basis of the incentive value of novel visual
stimuli.195 Similar to operant responding for drugs,
dopaminergic signaling is implicated in operant
sensation seeking. DA antagonists increase responding for sensory stimuli, and genetic ablation of D1
receptors prevents the acquisition of lever pressing
for sensory stimuli.194 Other studies have shown that
mGluR5, a receptor shown to be important for drug
self-administration, is also critical for rodent sensation seeking.90 Furthermore, ablation of mGluR5
on D1 -expressing neurons prevents responding for
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sensory stimuli.196 While there is not much evidence
linking D1 and sensation seeking in humans, DA
transmission is strongly implicated in the neural
basis of sensation seeking. PET studies have shown
that individuals with higher sensation-seeking traits
tend to have higher endogenous DA levels and
greater DA responses to anticipation of reward, as
well as a lower density of D2 /D3 receptors.197,198
Additionally, haloperidol, a D2 antagonist, reduces
the drive for sensation seeking in humans,199 and, in
a study including individuals with GD, it was found
to modify reward-related responses (e.g., relationship between payoff and bet size on consecutive trials
over the course of a slot machine game).200
Reward and punishment sensitivity
Several studies have suggested altered punishment
and reward sensitivity in GD, as seen in the Sensitivity to Punishment and Sensitivity to Reward
Questionnaire.201 While only studied in SUDs, a
variant of the IGT in which the advantageous decks
result in high immediate punishment but also in
an even higher delayed reward might offer valuable
information regarding punishment and reward sensitivity in GD. In this variant, the disadvantageous
decks result in low immediate punishment but in
even lower delayed reward. Thus, abnormal performance on this task would suggest hypersensitivity to reward (choosing the disadvantageous decks,
since they are more rewarding in the start, relative
to the advantageous decks), as well as hypersensitivity to punishment (by avoiding to choose from the
advantageous decks, which render high immediate
punishment).
One aspect of reward sensitivity that can be
assayed in rodents is the ability to store and retrieve
the value of an outcome and choose an appropriate
behavioral response on the basis of that representation, particularly when the reward is not directly
observable. This allows an investigation into the
evaluation of a positive or negative outcome and
the ability to modify or update that representation.
In both human and animal studies, the ventral PFC
has been strongly implicated in reward sensitivity.
Specifically, it seems to be necessary for storing and
revising the representations of the reward outcome
and furthermore in choosing between outcomes
on the basis of that information.202 In humans,
using a probabilistic reversal-learning task in which
subjects could win and lose money, individuals with
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GD, compared with healthy controls, have shown
decreased responsiveness of the ventrolateral PFC
and hypoactivation of the ventral PFC in response
to monetary gains and losses.164 Additionally, the
ability to devalue a stimulus that was previously
rewarding (essentially to update a previous representation of a reward) correlates significantly with
fMRI activity in the human ventral PFC, specifically
within the mOFC.203 In rats, lesions to the mOFC
resulted in an inability to use or retrieve outcome
value information to guide behavior.204 Consistent
with this, in mice, activation of the mOFC using
designer receptors exclusively activated by designer
drugs (DREADDS) increased the sensitivity to
reward value.205 Interestingly, the projections
of these stimulated neurons were to the medial
dorsal striatum, a projection similar to the circuitry
implicated in compulsive behavior, described above.
As one would expect, DA reward circuits are also
implicated in dysregulated reward sensitivity. In a
translational report using both human and mouse
subjects, increasing overall DA signaling through
DA reuptake blockade resulted in increased sensitivity to high-reward outcomes.206 This effect may
be mediated through D2 receptor signaling, given
an elegant behavioral dissection that showed that
overexpression of the D2 receptor specifically in the
striatum of mice resulted in a deficit in cost/benefit
calculation and reduced sensitivity to valuation of
future rewards.207
Genetics of gambling
Familial and twin studies have reported a higher
prevalence of GD in family members of individuals
diagnosed with GD, suggesting that familial transmission plays a role in the etiology of GD. Studies
conducted in clinical samples have reported a lifetime prevalence of GD of up to 20% among firstdegree relatives of individuals with GD.208 Three
twin studies have also provided evidence of the role
of genetic factors in the development of GD.23,209,210
One of these studies also found overlapping genetic
risk factors that suggest an association in the risk
for GD and alcohol-abuse disorders (AUDs) in both
men and women.210 A secondary case–control analysis from one of these twin cohorts, using a genomewide association study (GWAS), showed that two
single-nucleotide polymorphisms (SNPs) on chromosomes 9 and 12 had significant associations with
the lifetime diagnosis of GD.211
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In gene-association studies, polymorphisms in
a number of genes, including MAOA, SLC6A4 (5HTTLPR), DRD3, DRD4, HTR2A, and COMT, have
been linked to GD.20,145,212–215 One interesting translational report linked DRD3 to GD in humans
as well as in a rodent model.145 First, addictionrelated SNPs were genotyped in GD patients, which
revealed that DRD3 and CAMK2D were significantly
associated with GD compared with controls. The
expression of these genes was then measured in the
brains of rats that had been tested in the rGT. DRD3
expression levels within regions of the VS correlated
with performance in the rGT.
The development of humanized mice, transgenic
mice that contain a human genetic variant, could
prove useful animal models to study genetic risk
factors of GD. In some cases, these models have
been developed already, such as in the case of
the COMTVal158Met allele, but have not yet been
studied in the context of gambling.216 In other cases,
genetic knockout (KO) mice have been developed
and assessed in tests of gambling-like behavior; however, these global KOs might not accurately model
the effect of the polymorphism. One example of
this is the DRD4-KO mouse, which does not show
the expected deficits in novelty seeking or impulsive
behavior.217 The development of a mouse model of
the polymorphism in the 48-bp repeat of the third
cytoplasmic loop of the D4 receptor may produce
subtle changes in signaling that result in effects on
gambling-like behavior that are not captured in the
full KO.
Comorbidities
A significant percentage of individuals with GD
meet criteria for another psychiatric disorder at
some point of their lives.14 Using DSM-IV criteria,
the largest epidemiologic survey conducted in the
United States found that, among individuals with
GD, 50% had a lifetime mood disorder, 41% had
an anxiety disorder, and 61% had a personality disorder. With reference to SUDs, 73% of individuals
with GD had a lifetime AUD, 38% had any drug
use disorder, and 60% had a diagnosis of nicotine
dependence.14
Several studies have proposed different GD
subgroups on the basis of patterns of psychiatric
comorbidity and clustering of risk factors and
biological vulnerabilities that ultimately result in
impaired control over gambling behavior.24,25 Per-
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haps the best known example of this approach is the
“pathways model” described above.
Testing gambling-like behavior in rodent models
of addiction and depression could help determine if
the disorders are predisposing for the development
of GD and/or have shared etiologies. There are
both genetic and behavioral paradigms that exploit
the known pathophysiology and predispositions of
SUDs and major depressive disorder (MDD), which
have been used extensively to investigate the underlying neural circuitry for these psychiatric disorders.
One such approach has generated genetic KO mouse
models of disorder-relevant genes identified from
the GWAS or candidate gene-association studies: for
example, the -opioid receptor (OPRM1) and the
Val allele of the COMT gene for SUD and serotoninrelated genes like the serotonin transporter-linked
polymorphic region (5-HTTLPR) for MDD. Additionally, nongenetic models are also commonly used
to induce a state of depression or addiction. For the
former, chronic stress models induced by prolonged
exposure to stressors or stress hormones induce
depressive-like states in rodents. Likewise, repeated
exposure to some drugs of abuse, like cocaine, results
in an addiction-like drug-seeking state. It would be
useful to test gambling-like behavior in these genetic
and behavioral models of these disorders that are
comorbid with GD to gain a better understanding
of potential causal and/or common factors that
contribute to the etiology of these disorders.
Approaches to treatment
Psychotherapy
Cognitive–behavioral therapy (CBT) is currently
the best-supported treatment for GD. Even though
there are variations within CBT modalities, altogether, CBT has demonstrated reduced gambling
symptom severity, decreased financial loss, and less
frequent gambling at posttreatment in several randomized control trials (RCTs).1 One CBT modality
is focused on identifying and modifying poor coping responses, focusing on training in new skills to
manage high-risk situations.218 An RCT comparing
this CBT modality plus a Gambler’s Anonymous
(GA) referral versus GA alone found that the acquisition of coping skills mediated the reduction in
gambling behaviors regardless of the treatment that
individuals had received.218 The learning strategies
to identify and manage triggers related to craving
may be mediated by an increased prefrontal cortical
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control over motivational drives involving subcortical brain regions.219,220
Another CBT modality focuses primarily on correcting the cognitive distortions and biased information processing found in GD.173 This process may
involve balancing activity of brain circuits coding
conflicting motivational states (e.g., increased activation of dorsal anterior cingulate, insula, and PFC
relative to reward/motivational systems).219 However, a study comparing different GD psychotherapies (i.e., cognitive, behavioral, motivational, and
minimal intervention) revealed that addressing cognitive distortions did not yield superior outcomes
compared with psychotherapies that did not explicitly target them.221 Thus, there may be several pathways to therapeutic change that do not necessarily
require the modification of this core GD phenotype.
Motivational interviewing (MI) has also been
shown to decrease gambling frequency and financial loss in GD as either a stand-alone treatment
or in combination with CBT.222–224 MI is a clientcentered approach that works under the assumption
that a primary obstacle to change is ambivalence.224
It uses specific techniques to elicit “change talk”
in order to help patients change their behaviors.
A meta-analysis of GD psychotherapies indicated a
large effect size of 2.01 at the end of treatment and
an effect size of 1.59 upon follow-up (average of 17
months), suggesting favorable short- and long-term
improvements.225 However, dropout rates in psychotherapy studies are often high, posing a validity
threat to these findings and suggesting the need to
find better strategies to engage and retain patients.
One study demonstrated the potential of using
brain imaging to explore the relationship between
the fMRI correlates of cognitive control and treatment outcomes in GD. The study used fMRI Stroop
measures before treatment onset in individuals
with GD and was able to link Stroop-related brain
activations before treatment onset to treatment outcome in individuals with GD receiving CBT incorporating aspects of imaginal desensitization and
MI. Changes in symptomatology correlated positively with activation in the vmPFC, including in
the OFC and medial frontal gyrus, and in the right
VS, including the nucleus accumbens. Activity in
additional brain regions, including the amygdala,
hippocampus, parahippocampus, inferior temporal gyrus, and occipital cortex, also correlated with
changes in symptomatology.219
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Other than CBT and MI, there are no current psychotherapies addressing core phenotypes
in GD.226,227 In contingency management (CM),
patients receive tangible rewards to reinforce positive behaviors, such as abstinence. For instance, in
voucher-based reinforcement, which has been shown
to be effective in several RCTs for SUD, patients
receive a voucher for every drug-free urine sample provided. The voucher values are low at first,
but increase as the number of consecutive drugfree urine samples increases; positive urine samples
reset the value of the vouchers to the initial low
value. Another type of CM uses prize incentives with
chances to win cash prizes instead of vouchers.228
Typically, program participants supplying drugnegative urine draw from a bowl for the chance to
win prizes. RCTs of this sort have not been shown to
promote gambling behavior in SUD populations.228
On the basis of these principles, there is currently
one research group enrolling patients in an open
label trial using CM for GD (https://clinicaltrials.
gov/ct2/show/study/NCT02613754).
Pharmacotherapy
To date, there are no medications approved by
the U.S. Food and Drug Administration (FDA) for
GD. Different classes of agents have been tested in
RCTs, including antidepressants, mood stabilizers
(lithium and topiramate), antipsychotics (olanzapine), and opioid antagonists.229 Interestingly, to
date, these pharmacological targets have little overlap with the pharmacology work seen in most of
the animal studies that model gambling-like behavior or phenotypes found in GD. Conversely, existing
work on animal models of gambling has not generally guided treatment development for GD.
A hypothesized hypoactive serotoninergic
system has provided the rationale for testing
several SSRIs. These trials are complicated by high
noncompletion rates. Large placebo effects have
been noted in RCTs testing fluvoxamine, sertraline,
and paroxetine.230,231 Bupropion was also tested
in a 12-week RCT.232 The study found a few
differences between the group receiving bupropion
and the one receiving placebo on primary and
secondary outcome measures, with subjects in both
groups experiencing significant improvement. A
meta-analysis that included the six RCTs examining
the effects of antidepressants (fluvoxamine, paroxetine, sertraline, and bupropion) versus placebo

An integrative review of gambling disorder

failed to find a statistically significant benefit of
antidepressants compared with placebo.230 Other
antidepressants, including clomipramine, fluoxetine, citalopram, and nefazodone, showed some
positive outcomes in open-label studies. Altogether,
studies have been limited by their design, small size,
high dropout rates, high placebo rates, and short
follow-up periods.
An RCT suggested possible benefits with lithium
in patients with GD and bipolar spectrum disorders (largely bipolar II disorder).233 Compared with
placebo, individuals showed a statistically significant decrease in GD symptoms as well as decreased
affective instability. This sample was used to examine differences between 21 individuals with GD and
bipolar spectrum disorders and 21 controls using
PET.234 The study found that GD with bipolar spectrum disorders had lower regional glucose metabolic
rates in subcortical regions, including the ventral
VS, and that lithium treatment was associated with
increasing the regional glucose metabolic rate in the
VS. These findings should be interpreted with caution given the characteristics of this subgroup of
patients.
Topiramate, an anticonvulsant medication with
antiglutamatergic and pro–GABA and ␣-amine3-hydroxy-5-methyl-4-isoxazolepropionic
acid
(AMPA) receptor antagonist properties, was not
superior to placebo in a 12-week RCT.235 Another
RCT comparing four sessions of CBT plus either
topiramate or placebo found that individuals in
both groups exhibited significant improvement
over time.236 Olanzapine, a DA and serotonin
antagonist with high affinity for D2 and 5-HT2A
receptors, was examined in two RCTs. Both studies
found no significant differences from placebo.230
Opioid antagonists have been the most promising
in GD. Opioid receptors are widely distributed in the
mesolimbic system and are related to the hedonic
aspects of reward processing.237 Opiate antagonists
that decrease DA release attenuate reward-related
responses in the VS and enhance punishment
sensitivity in the mPFC in a gambling activity.238
Naltrexone and nalmefene, two prototypical nonspecific opioid antagonists that have been shown
to reduce drinking in patients with AUD, have been
examined in five RCTs for GD.230 In a fixed-effects
meta-analysis, opioid antagonists demonstrated a
small (effect size Cohen’s d = 0.22), but significant
benefit compared with placebo.230 Similar to other
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Table 1. Gambling disorder phenotypes
Phenotype

Clinical manifestation

Assessment in humans

Neural basis in humans

Assessment in rodents

Neural basis in rodents

Decision
making

Continuous gambling
despite negative
expected value (“the
house always wins”)

Measured by IGT,
Cambridge
Gambling Task, and
Game of Dice
Task11,68,241

Dysregulated OFC,
vmPFC, and ventral
striatum
activity88,242

Rodent gambling
tasks,46,48,50,53 rodent
betting task,69 and
probabilistic discounting/selection
tasks74,93

Impulsivity

Inability to control
gambling urges,
diminished regard
for future negative
consequences,
lacking forethought

Measure Eysenck
Impulsivity Scale,
go/no-go, and stop
signal tasks58

Reduced dorsomedial
PFC activity;
dysregulated
dopamine signaling;
and impulsivity is
inversely correlated
with serotonin
levels242–244

Go/no-go,104,137
5-choice serial
reaction time task,10
differential
reinforcement of
low-rate
responding,137 and
delayed
discounting93,245

Compulsivity

Persistent and
recurrent gambling
despite jeopardizing
or losing a
significant
relationship, job, or
educational or career
opportunity

Measured with
Wisconsin Card
Sorting Task,
set-shifting, and
reversal learning
tasks58,162

Hyperactive
corticostriatal
circuit162,166

Cognitive
distortions

Control over outcomes,
estimation of skill,
attribution for
failure all
dysregulated

Loss-chasing behavior,
sensitivity to near
misses, and using the
Gambling Related
Cognitions Scale
(GRCS)247

Sensation
seeking

Gambling as a way to
seek excitement or in
response to
boredom,
experiencing a
“rush”
Inaccurate perception
or representation of
the value of
outcomes: rewards
or losses

Sensation-seeking
scale248

Lesions to the insula
decrease near-miss
effects,188 elevated
activity in the
anterior cingulate
cortex (in healthy
controls
participating in
gambling tasks)179
Increased endogenous
dopamine levels; D2
receptor antagonists
reduce sensation
seeking198

Perseverative behavior
(e.g., time spent
grooming),170 habit
formation,246 and
persistence of reward
seeking despite
negative
consequences (e.g.,
shock)171
Rodent model of loss
chasing177 and
rodent slot machine
task182

Increasing dopamine
signaling and
inactivation of the
OFC increase risky
choices;52,69,70,81
lesions to the
agranular insula,
infralimbic, or
prelimbic cortex
increase risky
decision
making84,169
Activation of serotonin
neurons decreases
waiting
impulsivity;132
5-HT1B , 5-HT2B,
and 5-HT2C
blockade/absence
increase impulsive
action137,141,147 and
5-HT2A blockade
decreases it;106 D1
antagonists and
striatal DA lesions
increase impulsive
choice;117,118 and NE
reuptake reduces
impulsivity94,121
Hyperactive
corticostriatal
activity is associated
with
compulsivity;169
reduced striatal D2
receptors increase
compulsivity172

Reward and
punishment
sensitivity

118

Sensitivity to
Punishment and
Sensitivity to Reward
Questionnaire, Card
Guessing Task, and
Probabilistic
Reversal Task11

Decreased activity in
the VLPFC found in
GD, which also
correlates with
deficits in devaluing
previous
rewards119,185

5-HT1A agonists reduce
chasing-like
behavior;177
inactivation of
agranular insula
increases chasing184

Exploration in a novel
environment;191
operant tasks with
multisensory
stimuli181,192

D1 receptor
antagonists increase
responding for
sensory stimuli194,196

Devaluation and
reversal learning
tasks64,204,205

Decreased ventral PFC
(mOFC) to striatum
activity204,205 and
increased DA (D2 )
signaling206207 result
in diminished
reward sensitivity
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medication and psychotherapy trials, dropout rates
have been high (45.8–66%). Some data suggest that
these medications appear particularly helpful in
individuals with a family history of AUD.239
Overall, it may be useful to begin testing medications, perhaps already approved for the treatment of other conditions, which target neurobiology
that has been implicated in GD phenotypes from
mouse studies. For example, FDA-approved drugs
that target individual serotonin receptors (rather
than increasing serotonin globally) could be tested
for their ability to reduce impulsivity found in GD
patients.
Conclusions
As this review highlights, there is a large amount
of human- and animal-based research focused on
the phenotypes found in GD. However, in many
cases, the translation from mouse to human and
back has been limited. Novel evidence-based interventions are needed for the treatment of GD. The
development of these interventions could rely on
animal models in which targeted manipulations can
be tested in the absence of many confounds. The
identification of the neural circuits that subserve
phenotypes found in GD is an important avenue
to pursue. In humans, we do not yet have ways
to identify neural system—or phenotype-specific
dysfunction at the individual patient level, which
could potentially lead to specific treatment recommendations. Ongoing work on the various brain
mechanisms associated with the symptoms of GD in
individuals is likely to be the basis for novel, personalized therapeutic alternatives. Using a phenotypebased approach in parallel in humans and animal
models may aid in bridging the translational gap
between basic science and clinical research by making the integration of the translational results more
straightforward. It can also help lend clarity to the
issues relating to underlying phenotypes shared by
GD and SUD. The inclusion of GD in the DSM-5
among the substance-related and addictive disorders should encourage this phenotypic approach to
better understanding the shared and distinct behavioral, neural, and genetic phenotypes. Additionally,
the deconstruction of GD into distinct phenotypes
allows for the development of better animal models
with good construct validity and can make determining the neural basis more tractable as well, since
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there are likely multiple dysregulated neural circuits that contribute to GD. With better information about the biological basis of these phenotypes,
the heterogeneity of GD patients can be addressed
with more theory-based personalized treatment.
This integration of animal and human studies
offers an overview of the course, genetics, pathophysiology, and treatment of GD (Table 1). Given
the complex pathways and genetics involved in the
development of GD, we encourage further integrative translational strategies to advance GD research.
Using a phenotype-based approach may aid in
bridging the translational gap between basic science and clinical research. Breaking GD down into
components can make determining the neural basis
of this complex disorder more tractable, especially
in animal models. Because there are likely multiple dysregulated neural circuits to which GD can be
attributed, this approach may be better suited than
seeking a unique neural basis of GD. To improve
translation to human research, the development of
animal paradigms can benefit from ongoing dialogue with clinicians, and additional available tools
should be used to dissect the neural circuits that
subserve phenotypes that are seen as dysregulated
in GD. At the same time, clinical trials could be
designed to enroll patients with phenotype specificity, and interventions could be chosen on the
basis of phenotype-specific neurobiology. Additionally, the use of behavioral measures of these phenotypes should be included in clinical trials to assess
behavioral effects that might not be seen in global
end point measures of gambling severity.
Finally, from a treatment perspective, even
though a substantial proportion of patients respond
to CBT, most individuals with GD do not seek
treatment. Some pharmacological agents have been
tested in animal studies and show some promise in
GD but still need to be tested in humans. With better information about the biological basis of these
phenotypes taken from animal models, the heterogeneity of GD patients may be made clear on the
basis of phenotype-specific diagnoses, which can
be addressed with more theory-based personalized
treatment. In relation to psychotherapy, treatment
availability and dissemination remain key issues.
Evidence-based interventions that use newer technologies may be the key to increase dissemination
of GD treatments.240 Interventions of this sort may
offer an alternative that could address the shortage
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of providers properly trained to provide evidencebased treatments for GD.
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