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Abstract

Problematic gambling has been suggested to be a possible consequence of dopaminergic medications used mainly in neu-
rological conditions, i.e. pramipexole and ropinirole, and possibly by one antipsychotic compound, aripiprazole. Patients
with Parkinson’s disease, restless legs syndrome and other conditions potentially treated with dopamine agonists, as well as
patients treated for psychotic disorders, are vulnerable patient groups with theoretically increased risk of developing gam-
bling disorder (GD), for example due to higher rates of mental ill-health in these groups. The aim of the present paper is to
review the epidemiological, clinical, and neurobiological evidence of the association between dopaminergic medications
and GD, and to describe risk groups and treatment options. The neurobiology of GD involves the reward and reinforcement
system, based mainly on mesocorticolimbic dopamine projections, with the nucleus accumbens being a crucial area for
developing addictions to substances and behaviors. The addictive properties of gambling can perhaps be explained by the
reward uncertainty that activates dopamine signaling in a pathological manner. Since reward-related learning is mediated by
dopamine, it can be altered by dopaminergic medications, possibly leading to increased gambling behavior and a decreased
impulse control. A causal relationship between the medications and GD seems likely, but the molecular mechanisms behind
this association have not been fully described yet. More research is needed in order to fully outline the clinical picture of GD
developing in patient groups with dopaminergic medications, and data are needed on the differentiation of risk in different
compounds. In addition, very few interventional studies are available on the management of GD induced by dopaminergic
medications. While GD overall can be treated, there is need for treatment studies testing the effectiveness of tapering of the
medication or other gambling-specific treatment modalities in these patient groups.

Key Points

The dopamine agonists pramipexole and ropinirole, and
the dopamine modulator aripiprazole, are associated with
an increased risk of developing problematic gambling.

The pathological over-activation of the dopaminer-

gic reward and reinforcement system is one possible
mechanism for dopaminergic drugs to increase gambling
behavior.

Gambling disorder is a treatable condition, where a num-
ber of therapeutic methods, or shorter motivational and
normative feedback intervention, can be effective.
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1 Gambling Disorder (GD): The First
Non-Substance-Related Addictive
Disorder

Among the addictive conditions included in diagnostic
manuals, gambling for money is the first to not involve a
substance. Gambling disorder (GD), previously referred
to as pathological gambling, is a condition defined both in
the psychiatric diagnostic manual of the American Psychi-
atric Association, the DSM-5 [1], and in the World Health
Organization’s diagnostic manual, the ICD-11 [2]. Prob-
lematic gambling, including both a sub-diagnostic prob-
lematic behavior and the more severe clinical picture of
a GD, has been reported to occur in up to 6% of the adult
population in some settings, whereas the corresponding
figures are well below 1% in other settings [3]. Meanwhile,
prevalence rates of GD vary around 1% [4]. The concept
of problematic gambling is poorly defined, but often used
in broader epidemiological studies where face-to-face
diagnostic assessments are difficult. In these studies, prob-
lematic gambling is typically defined as a score above a
defined cut-off on well-established screening measures [3].
Thereby, problematic gambling can be defined as a certain
level of harm related to gambling, although not specifically
involving a behavior driven by compulsivity or craving.
GD is today defined in the DSM-5 as the fulfilment of four
out of nine criteria describing several measures of toler-
ance, withdrawal, “chasing losses” behavior, and different
measures of harm [1].

GD typically causes substantial psycho-social prob-
lems, and financial problems including over-indebtedness
[5-7]. In many cases, psychiatric comorbidity is seen,
either suspected to cause the gambling problem, or sub-
sequent and secondary to the gambling problem [8, 9].
While comorbidity typically involves co-occurring psy-
chiatric disorders [8, 9], even an increased prevalence of
certain physical diseases has been reported [10]. Gambling
for money is also the first non-substance-related addictive
behavior that has been found to develop as a consequence
of dopaminergic medications, likely through specific brain
circuits affecting addictive behavior [4, 11, 12].

Typically, debts develop as a part of the GD [7], and the
“chasing losses” concept [1, 13] constitutes a key feature
and one of the diagnostic criteria of this disorder. The
“chasing losses” behavior means that an individual gam-
bles primarily in order to try to win back money lost from
recent gambling sessions. Apart from the “chasing losses”
behavior, examples of key components of the diagnostic
entity are the increased tolerance to gambling, involving
higher and higher amounts of money, and repeatedly failed
attempts to cut down on gambling. Another key feature of
the disorder is the “loss of control,” typically manifested
by an intention to gamble to a limited extent, but where
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the individual repeatedly breaks her/his own pre-set limits
after the gambling session starts [1].

GD may develop in the context of many diverse gambling
types. Traditionally, gambling involved land-based gambling
modalities. Currently, gambling increasingly occurs online
and often on more rapid gambling types, with a risk of gam-
bling being performed at high speed and more likely to be
addictive. Gambling types with a high addictive potential
include online casino games such as “slot” games or online
bingo games, rapid online sports betting such as in-play
betting during a game, or land-based gambling electronic
machine gambling [14].

Gambling, although a behavior typically unrelated to
the use of substances, is indeed one of the behaviors most
commonly reported to increase in response to the dopamine
agonists pramipexole and ropinirole [15, 16]. The risk of
increased gambling as an effect of dopaminergic medica-
tions has been mostly researched in patients with Parkinson’s
disease, which is a striking finding, in the sense that in this
specific group of patients, addictive behaviors related to sub-
stances are instead typically less common than in the gen-
eral population [17]. In addition to a problematic gambling
pattern, a number of other impulse-related conditions can
develop under dopaminergic medications, and may involve
urge, craving or increased tolerance (such as in hypersexual-
ity or altered eating behavior), or a more compulsive behav-
ior (such as hobbyism or kleptomania). In either case, these
side effects of dopaminergic medication are known to be
time-consuming, socially stigmatizing, and often lead to
severe financial, emotional, and even legal consequences.
Among the conditions described to arise from dopaminergic
medications, a problematic gambling pattern is one of the
most commonly reported [17].

GD can lead to severe mental health consequences, sui-
cidal ideation [18], and suicide mortality [19], and indebt-
edness as such has been suggested to be a risk factor of
suicide death [20]. In addition, GD has been linked to a
more unhealthy life-style and other addictive behaviors such
as video gaming or addictive shopping behavior [21]. Psy-
chiatric comorbidity is common in GD. This may include
either a concurrent mental health disorder in parallel with
the GD, a mental health disorder preceding the onset of GD,
or a mental health disorder occurring subsequent to the gam-
bling problem [8, 9]. In a meta-analysis, current comorbidity
when seeking GD treatment was very common for mood
disorders (around 30% for depression), and different anxiety-
related disorders (12—-15%) such as, for example, generalized
anxiety and social phobia. Alcohol use disorders were com-
mon (18% for DSM-IV alcohol abuse, and 15% for alcohol
dependence), whereas psychotic disorders were relatively
infrequent [8]. Patients with schizophrenia, however, con-
stitute a risk group for problematic gambling [22]. Given
the susceptibility of patients with schizophrenia to develop
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GD, attention has been raised to one of the newer-genera-
tion atypical antipsychotic compounds, i.e. the dopamine
modulator aripiprazole, which differs from the traditional
anti-dopaminergic profile or traditional antipsychotics. Case
reports [23, 24] have led to the suspicion that this substance
may play a role in gambling in a manner comparable to the
case of dopamine agonists.

The order in which comorbid disorders appear may dif-
fer in different subgroups of the population [25], and health
services are suggested to screen for gambling problems in
patients with mental health conditions, and vice versa for
mental health problems in patients with known GD. Mean-
while, in many settings, GD is rarely diagnosed and treated,
and spontaneous treatment seeking is low [26, 27]. In gen-
eral, women with gambling problems are more likely than
men with gambling problems to suffer from a comorbid
mental health disorder [25]. In addition, the clinical course
of GD in women may differ from that traditionally seen
in men; women are more likely to report a later onset of
gambling in life, but a more accelerated course from gam-
bling onset to the development of gambling problems, typi-
cally referred to as a “telescoping phenomenon” [28, 29].
Researchers have come to different conclusion regarding the
existence of such a “telescoping” phenomenon [28, 30, 31],
whereas the higher proportion of mental health comorbidity
in female patients with a GD is more clearly demonstrated
[25].

With this in mind, there is reason to study and high-
light dopaminergic medications as a potential cause, and
to increase knowledge and awareness in clinicians work-
ing either with the conditions for which these pharmaceu-
ticals are typically used, or with GD and other addictive
behaviors. Authors in the area have called for the need for
increased attention to this area [4], and the present narrative
review attempts to review the literature and to summarize
the knowledge base for this potentially underdeveloped area
of clinical work.

2 Addictive Reward Mechanisms in GD

The latest versions of the main diagnostic manuals,
DSM-5 and ICD-11, classify GD as a behavioral addic-
tion rather than an impulse-control disorder as in previous
versions [32]. The change was motivated by findings that
GD shares many features with substance use disorders.
Both GD and substance use disorders are more common
in men, are seen mostly in adolescence and young adult
age, and present with similar psychiatric comorbidities
[33]. Regarding pharmacotherapy, opioid antagonists,
commonly used to treat substance use disorders, can
have some beneficial effect in GD [34]. The etiologies
of GD and substance use disorders also show substantial

similarities. Impulsivity and impaired decision-making
are characteristic for both types of addiction, as well as
a pathological activation of reward-related learning and
changes in striatal activation [35]. Presumably, the key
mechanisms of how GD can be induced pharmacologi-
cally lie in the neurobiology of reward and reinforcement.
Therefore, we summarize the psychological and neurobio-
logical background of GD in this section and the next one,
as far as is known to date.

Developing an addiction includes the pathological
activation of the natural reward and reinforcement system
in the brain [36]. This system is responsible for judging
external stimuli and giving them either a positive or a
negative value, depending on whether they have a ben-
eficial or a detrimental outcome for the individual and
the species [37]. Through Pavlovian conditioning, former
neutral stimuli are linked to an evaluation regarding their
impact on well-being and survival. After being given a
positive association, a stimulus will reinforce behavior in
the individual that leads to seeking this specific stimu-
lus. It is known that addictive substances or behaviors can
over-activate the reward-reinforcement mechanism [38].
Their stimuli cause new positive conditioning every time
they are encountered and eventually receive an abnormally
high value in the reward-related memory. Therefore, their
capability for reinforcement becomes stronger than other
stimuli crucial for survival, and negative consequences
play a subordinate role in the process of decision-making.
Recently, there have been new insights into how gambling
has the property to become addictive as a behavior. Reward
uncertainty might be the factor that causes the excessive
activation of reward-related learning [12]. Every win is
evaluated as a reward prediction error, a stimulus that was
“better than expected,” which leads to the reward-related
memory increasing the value of the behavior every time a
win occurs. If this process is activated too extensively, it
can impair balanced decision-making and eventually gam-
bling develops into an addiction.

Besides being drawn to reward uncertainty, the patho-
logical form of gambling involves many other neurobehav-
ioral characteristics [35], for instance increased impulsiv-
ity. Impulsive behavior has been described as one common
feature throughout impulse-control disorders and behavioral
addictions, and can be defined as the tendency to act with-
out forethought, including reduced consideration for conse-
quences and an impaired response inhibition [39]. In GD,
one typical example for impulsivity is risk-taking behavior,
which has been shown to predict gambling severity in patho-
logical gamblers [40-43]. Another measure for increased
impulsivity in addiction is a steeper temporal or delay dis-
counting curve, which reflects the inability to wait for larger
rewards received at a later time point and the tendency to
instead choose small immediate rewards [44, 45]. Higher
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temporal discounting rates have been found to correlate with
the severity of gambling in GD patients [40, 42].

In addition to certain personality traits, the outer set-up
of the game seems to influence the likelihood of gambling
to become addictive substantially. Through Pavlovian con-
ditioning, gambling-related cues are linked to supposedly
beneficial outcomes and can lead to a severe distraction
from other tasks [46, 47]. Notably, this attentional bias has
been demonstrated repeatedly in pathological gamblers [41,
48, 49]. Furthermore, near misses in gambling, occasions
where the player almost wins, can be perceived as winning
with regard to their reinforcement properties [50]. There-
fore, games where near misses are a common outcome have
been described to have an especially high risk of becoming
addictive [35].

3 Neuronal Activity and Dopamine
Signaling in GD

The neurobiology of reward-related learning in GD has only
been partly understood. Dopamine plays a key role in the
process, but other transmitter systems are involved, espe-
cially serotonin and glutamate [51]. The central brain struc-
ture of the reward and reinforcement system is the mesocor-
ticolimbic dopamine pathway [52]. It is based on neurons
that project from the midbrain to the basal ganglia, more pre-
cisely from the ventral tegmental area to the nucleus accum-
bens in the ventral striatum. Reward prediction errors that
occur in gambling are translated into phasic, high peak dopa-
mine signaling in the nucleus accumbens [12]. Therefore,
one proposed mechanism for gambling to become addictive
is pathologically increased striatal dopamine signaling [53].
In line with this hypothesis, reward uncertainty in GD has
been found to be translated into increased dopamine signal-
ing in the nucleus accumbens [54]. While the striatum is
described as the central structure for reward-related learning,
projections into the cortex and other regions of the limbic
system are involved in the process as well [55]. Especially
the prefrontal cortex, important in decision-making and
response inhibition [56], should be considered to play a role
in the pathophysiology of GD.

Multiple studies have investigated the brain regions and
signaling involved in impulsivity and under gambling-
related conditions, mostly through neuroimaging [55, 57].
But even preclinical approaches are gaining importance
in investigating the etiology of gambling behavior [58,
59]. Since patients with Parkinson’s disease represent the
largest group affected by drug-induced GD, many studies
focus on a population with Parkinson’s disease or on par-
kinsonian rodent models. The findings on activity changes
in the striatum and the prefrontal cortex in GD and other
impulse-control disorders remain controversial. Several
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studies have found an increase in neuronal activity and
functional connectivity in these areas in a gambling context.
Larger bet sizes and reward-related learning in patients with
impulse-control disorders have been shown to correlate with
increased mesocorticolimbic connectivity [60, 61]. Higher
impulsivity can be linked to increased activity in the orbito-
frontal cortex [62], and reward anticipation in individuals
who gamble has been found in connection with elevated
activity in the ventral striatum and the orbitofrontal cortex
[63]. Furthermore, higher compulsivity has been found to
correlate with increased activation of the dorsal striatum and
the orbitofrontal cortex in rats treated with the D2 agonist
pramipexole [64].

In contrast, patients with impulse-control disorders have
shown lower activity in the mesocorticolimbic pathway [65,
66], even when tested under a risk-taking challenge [67]. A
reduced connectivity in the reward evaluation and response
inhibition network, including the prefrontal cortex, has
been associated with gambling behavior [61]. Interestingly,
dopamine agonist treatment seems to influence individu-
als involved in gambling and healthy controls differently
with regard to the effect on several brain areas, including
the orbitofrontal cortex [68]. While the dopamine agonist
increased the activity in controls, it was reduced in people
who gamble pathologically. Even though the striatum and
the prefrontal cortex have been suggested as the main struc-
tures responsible for reward-related learning and response
inhibition, other areas also seem to play a role in impulse
control, for example the amygdala, the insula, and the cin-
gulate cortex [62, 65, 68, 69].

Another research target has been the dopamine signaling
in GD on a cellular level. Even in this field, no consensus has
been reached yet, but certain trends are starting to be con-
sistent. Notably, non-replicable neuroimaging results have
been pointed out as a limitation in this research area [70].
Many studies suggest an increase in dopamine transmission
as part of the pathophysiology in GD, indicated for instance
by a higher dopamine synthesis capacity in patients with
GD, but also a lower postsynaptic receptor availability and
a lower abundance of the presynaptic dopamine transporter
[71, 72]. The striatal dopamine synthesis capacity in GD
patients has been found to be increased [73], but not without
contradictory results [66]. Patients with a GD or another
impulse-control disorder have been shown to have a higher
dopamine release in the ventral striatum while receiving
visual reward cues [74, 75]. Furthermore, certain charac-
teristics of excessive gambling, such as elevated excitement
and alertness, or unbalanced decision-making in a reward
context, correlate with an increase in striatal dopamine
binding [76—78]. Higher binding to the inhibitory dopamine
receptors D, and D5, which are expressed predominantly in
the nucleus accumbens, has been associated with symptoms
characteristic for GD, mainly impulsivity [79]. Several other
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studies have investigated the dopamine receptor availability
in patients with GD. Some findings did not show a differ-
ence in comparison to the control group [79-81], but there
is evidence for a reduced postsynaptic receptor expression
as well [53, 82-84]. Especially, the receptor availability in
the ventral striatum seems to be reduced in patients with GD
and, often, the decrease can be linked to impulsive behavior
and symptom severity. Even a decreased density of the pre-
synaptic dopamine transporter has been associated with GD
and other impulse-control disorders in the ventral striatum,
but also in other areas [85—88]. Overall, there seems to be
evidence for a direct connection between GD and dopamin-
ergic signaling alterations in the ventral striatum and some
afferent and efferent areas, but as mentioned above, there are
also negative findings and the molecular mechanisms remain
to be discovered.

4 Drug-Induced Changes in GD

The correlation between dopaminergic drugs and increased
rates of GD is beginning to be an established consensus
[23]. Especially the dopamine replacement therapy applied
in Parkinson’s disease is known to have impaired impulse-
control as an adverse effect [§9-91]. Along with hypersexu-
ality, compulsive shopping and binge eating, GD is the most
common manifestation of an impaired impulse control due to
dopamine replacement therapy in Parkinson’s disease [16].
Hence, the majority of research on drug-induced GD has
been conducted in patients with Parkinson’s disease. Multi-
ple studies with large populations have confirmed an asso-
ciation between GD and levodopa treatment, but even more
clearly between GD and the dopamine agonists pramipexole
and ropinirole (Table 1). These two drugs are selective for
the D5 receptor [92, 93], which could explain their high risk
of increasing GD rates compared to other dopamine agonists
or levodopa [94, 95]. As mentioned earlier, the D, and D;
receptor in the striatum could mediate an increase in addic-
tive behavior. Dopaminergic therapy is additionally used
as a treatment in restless legs syndrome, fibromyalgia, and
pituitary adenomas, and also correlates with an impairment
of impulse control in these conditions (Table 1) [96].
Another drug associated with an increase in GD rates is
the atypical antipsychotic aripiprazole [23, 97]. It targets
dopamine and serotonin receptors, and is mainly prescribed
in schizophrenia and bipolar disorder [98]. Even for this
drug, an association with GD has been established in large-
scale studies (Table 1). The proposed mechanism of action
for aripiprazole is its stabilizing effect on dopamine levels,
acting as a partial agonist. Similar to pramipexole and rop-
inirole, this drug has high affinity for the D, and D5 receptor,
and these receptors playing a role in the increase of addictive
behavior seems likely. While most of the evidence of a role

of aripiprazole in GD has relied on more anecdotal case
presentations [23, 24, 99, 100], recent large-scale clinical
and register studies have demonstrated a statistical associa-
tion between aripiprazole medication and GD [101], even
specifically within the sample of patients with psychotic
disorders [102]. As mentioned previously, even serotonin
could be involved in the pathophysiology of GD, and ari-
piprazole might additionally have an effect on impulse con-
trol through the serotonergic transmitter system [98]. This
could also apply to the atypical antidepressant agomelatine,
which acts as a melatonin agonist and a serotonin antagonist.
Agomelatine has been described to increase GD, although
it has also been proposed as a potential treatment for this
disorder [103, 104], so more knowledge is needed regarding
its role in relation to gambling.

Furthermore, other psychotropic drugs have been
reported to have an effect on impulse control and GD. A
common mechanism could be increasing dopamine levels
through unselective monoamine reuptake inhibition. A study
in rats showed increased impulsivity under treatment with
a nonselective serotonin/noradrenaline reuptake inhibitor,
which also inhibits dopamine reuptake, but not under the
treatment with a serotonin-selective reuptake inhibitor [105].
Interestingly, the anti-attention deficit hyperactivity disor-
der (ADHD) drug atomoxetine has shown some beneficial
effects in treating impulsivity and executive dysfunctions
in patients with Parkinson’s disease [106—108]. This reup-
take inhibitor is known to increase the levels of dopamine,
noradrenaline, and possibly serotonin [109], and could be
promising in treating impulse-control disorders like GD
in patients with Parkinson’s disease in the future. Even the
antidepressant venlafaxine, a nonselective monoamine reup-
take inhibitor, has been associated with higher impulsivity in
humans [110]. Paradoxically, venlafaxine, like agomelatine,
also can be an effective treatment against impulse-control
disorders [111]. Another example of a drug influencing
GD is the stimulant modafinil, which is selective for dopa-
mine reuptake inhibition and has been shown to increase
reward seeking in patients with GD, but not in a control
group [112]. Notably, amphetamines as dopamine reuptake
inhibitors can prime gambling motivation and increase the
striatal dopamine release in patients with GD more than in
healthy controls [113, 114]. However, these results should
be interpreted taking into considering that amphetamines are
addictive substances themselves.

Another mechanism of action that could influence
impulse control is D2-like receptor antagonism, including D,
and D;. The typical antipsychotic haloperidol, a D, antago-
nist, enhanced reward effects and priming to gambling only
in patients with GD and significantly changed the perception
of slot-machine gambling in these patients in comparison
with controls [115, 116]. How a dopamine antagonist could
increase gambling behavior, rather than reduce it, remains
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unclear, given that reduced impulsivity and gambling behav-
ior through dopamine antagonism have been proposed as a
mechanism to find effective pharmacotherapy in GD. One of
the few substances, the D2-like and serotonin receptor antag-
onist olanzapine, used as an atypical antipsychotic, has been
tested as a treatment in patients with GD. One randomized,
double-blind clinical trial involving 42 individuals with GD
did not find a change in gambling behavior under olanzapine
treatment compared to a placebo condition [117]. Neither
the scores in the Pathological Gambling Adaptation of the
Yale-Brown Obsessive Compulsive Scale, nor the amount
of gambling episodes or hours gambled per week differed
between the drug and placebo treatment. A high discon-
tinuation rate occurred during the study, especially within
the patient group treated with olanzapine (52%). Another
randomized, double-blind clinical trial explored a similar
study design in 21 individuals with problematic gambling
involving video poker gambling [118]. Here, gambling did
not change differently in patients treated with olanzapine
compared with those taking a placebo either.

5 Patient Populations Exposed
to Dopaminergic Medications: Patients
at Risk of Problematic Gambling Patterns

Patient groups likely to receive a dopaminergic medication
overlap with patient groups who may be at increased risk of
developing gambling problems. Clinical and epidemiologi-
cal review studies have suggested that patients with Parkin-
son’s disease may be at higher risk of poor mental health
[119, 120]. Although a risk increase in GD specifically
has not been extensively examined in Parkinson’s disease,
comorbidity with mental health disorders may increase the
risk of a secondary problematic gambling behavior, as in
mental health disorders in general [8, 9, 25]. Additionally,
it has been suggested that patients with Parkinson’s disease,
through the disruption of their dopaminergic system, may
be at higher risk of developing stereotypic and impulsive
behavior, possibly even without the presence of a dopamin-
ergic medication [121]. Thus, if patients with Parkinson’s
disease are hypothesized to have an increased risk of mala-
daptive behaviors due to the disease itself, their exposure to
dopaminergic medications may further increase their risk
of GD.

Likewise, patients suffering from restless legs disorder
may similarly be at higher risk of developing addictive
behaviors, in particular through the suspected comorbid-
ity with other mental health conditions [122], which in
themselves are linked to an increased risk of GD [8, 9].
Fewer reports have focused on other conditions in which
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a dopamine agonist may be used, but such studies include
the treatment with pramipexole in patients with depression
[123] or fibromyalgia [124].

The clinical presentation of a GD induced by dopamin-
ergic medications in patients with Parkinson’s disease may
not necessarily differ from the one seen in other patients
with GD, but patients are likely to be older, and they may
have lower psychiatric comorbidity than corresponding
patients with a different background than Parkinson’s dis-
ease [125]. Here, data are hitherto limited, and due to the
relatively low absolute number of people with combined
Parkinson’s disease and GD [125], extensive clinical and
epidemiological datasets are required in order to fully
highlight the characteristics in sub-groups of patients.

In addition to the suspected links between GD and
dopaminergic medications in neurological diseases, men-
tal health disorders where antipsychotic drugs are typi-
cally used are a risk factor for gambling problems [126],
including schizophrenia and affective psychosis such as
bipolar disorder with mania [8, 9]. Thus, patients exposed
to dopamine-regulating antipsychotic drugs are likely to
have a statistical risk increase of gambling problems due
to their psychiatric comorbidities, over and above the
potential medication effect and other socio-demographic
parameters also leading to a statistically heightened risk
of developing gambling problems.

Very little research has addressed whether specific gam-
bling types are associated with an increased risk of addic-
tive gambling in patients on dopaminergic medications.
Also, studies describing gambling behaviors in patients on
dopamine agonists have been conducted over many years
and in many countries, such that gambling patterns of
exposed individuals may have differed substantially. How-
ever, for problematic gambling in general, the increase in
online gambling in recent years is likely to have caused a
larger accessibility to gambling for people, avoiding the
constraints and stigma associated with land-based gam-
bling venues. Several features of online gambling confer
a higher addiction potential than do physical gambling
types; in addition to the accessibility, this also involves
the high speed and repetitiveness of these gambling types
[14]. Future studies should assess whether gambling pat-
terns in GD patients on dopaminergic medications differ
from those of other patients with GD, and whether spe-
cific gambling-type advice may need to be provided to
patients at risk. In addition, the COVID-19 pandemic was
suspected to influence the gambling market considerably,
due to lifestyle changes and more time spent online and
at home [127]. Whether or not this may have changed the
risk of GD in patients on dopaminergic drugs is unknown,
and longitudinal and large-scale studies to may be required
to address this.
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6 Clinical Guidelines and Treatment for GD
in Patients on Dopaminergic Medications

Whenever gambling problems are believed to be caused by
dopaminergic agonists, the treatment may likely involve
the discontinuation, reduction, or adaptation of the medi-
cation. Otherwise, treatment may also involve the same
treatment modalities as in other GD patients [128]. Treat-
ment of a GD typically is delivered as a psycho-therapeutic
intervention in the form of cognitive behavioral therapy.
Less frequently, pharmaceutical treatment for GD is sug-
gested, and the use of opioid antagonists (naltrexone or
nalmefene) has been suggested as one part of GD treat-
ment, although findings so far have been somewhat con-
flicting [129-131]. Other treatment strategies rely on the
use of structured therapeutic interventions, including brief
or more extensive motivational interventions [132, 133].
Other strategies, such as peer-support group sessions or
other non-structured supportive interventions, are hitherto
too sparsely documented in research [26, 27].

When a GD is suspected to be caused by a dopaminer-
gic medication, based on a reasonable temporal associa-
tion between the induction or dose increase of a dopamine
agonist, decreased dosing or discontinuation of the drug
is likely one of the first options chosen. This intervention
may seem intuitive [15], and is likely effective in many
cases. A key component of GD is the growing indebted-
ness caused by an increasing tolerance where gambling
at initially low levels is perceived to be insufficient, and
gradually replaced by a “chasing losses” behavior where
gambling primarily occurs in order to try to win back
money lost from gambling or money spent on interest
payments from gambling-related borrowing [5—7]. Thus,
financial support may be sought by the patient, and private
financial counseling may be a key component in the man-
agement of severe GD. For patients developing a gambling
problem subsequent to dopaminergic medications, in the
absence of specific literature addressing the financial situ-
ation of these patient groups, typical GD counselling is
also likely to be feasible and appropriate in this situation.
Thus, while healthcare providers need to pay attention to
this risk, screen for and diagnose gambling problems in
the context of dopaminergic medications, the therapeutic
guidelines may not necessarily differ from what is used in
GD with other etiologies. Most likely, therapeutic methods
applied in GD in general are not likely to be unfavorable
in the present kind of situation.

Partly related to the financial consequences of a GD,
couple therapy or other interventions addressing both the
patient and the patient’s concerned significant others [134]
may be of importance. In patients developing an impulse
control disorder based on a dopaminergic medication,

such family interventions may also be particularly needed,
given the often dramatic personality changes and some-
times rapidly evolving gambling problem seen in these
conditions. Thus, a number of interventions typically
aimed at patients with GD in general may be of importance
here, and may need to be integrated with the treatment
setting in which the patient originally received the dopa-
mine medication. Also, although the problem may have
developed in a highly medical context, i.e., in the context
of the dopaminergic therapy, treatment and support for the
patient and the patient’s family need to be integrated and
involve professionals outside of the medical sector, such
as social and financial counsellors.

In the prevention of GD assumed to be caused by
dopamine agonist use, psycho-educative and information
approaches are already recommended in the early stages of
the medication [135]. This will involve clinicians working
outside the settings where behavioral addictions are typi-
cally assessed, and, therefore, this may require structured
questionnaires and checklists. It has been recommended
that such early risk information may not necessarily need to
be the same for all patients initiated on dopamine agonists,
but should be more strongly recommended in patients who
display certain underlying risk factors, such as poor mental
health and previous addictive behaviors [135].

Treatment is rarely reported specifically for populations
where the gambling behavior is believed to be caused by
dopaminergic medications. A smaller treatment study sug-
gested, however, that treatment results of cognitive behavio-
ral therapy (CBT) were not less successful in patients with
a dopaminergic medication than in other patients with GD
[128]. However, other potential interventions, such as those
involving motivational or brief feedback interventions, have
not been tested specifically in patients receiving dopamine
agonists. Deep brain stimulation, primarily aimed at the
treatment of underlying Parkinson’s disease, even has been
proposed as a possible means to affect the gambling behav-
ior assumed to have arisen from a dopaminergic medication
[135, 136]. But such a potential role of surgical treatment
needs to be studied further and this type of research likely
requires larger study samples where a substantial sub-
proportion of patients have both Parkinson’s disease and a
subsequent gambling problem. In addition, results from the
samples hitherto reported in the literature have been mixed,
with both positive and negative findings and even suspected
cases of impulse control problems arising from that inter-
vention as such [89]. Likewise, opioid antagonists, likely the
group of medications most commonly recommended for the
treatment of GD, has been tested in impulse control disor-
ders, and demonstrated promising effects in one trial [137].
Amantadine has provided conflicting findings that hitherto
do not provide support for this strategy in that group specifi-
cally [89].
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Little data exist on the efficacy of psycho-therapeutic
interventions in GD arising from dopamine agonist treat-
ment. One study demonstrated clearly promising effects
of CBT, but in a study of limited size and in comparison
to a waiting list condition [138]. Thus, few studies can
guide specific therapeutic treatment in this patient group,
but in the absence of data indicating that these interven-
tions will be deleterious in a GD believed to be caused by
dopamine agonists, there is reason to implement standard
evidence-based GD treatment for patients with this type of
etiology too. Although poorly researched so far, it could
be assumed that over and above the core features of a GD,
if a GD arises during dopamine agonist treatment, it may
potentially be more complicated to treat than otherwise.
Except for the one limited-sample treatment study cited
above [128], this has not been tested. Meanwhile, thera-
pies typically offered for GD may in some cases present
challenges in the clinical setting in the patient groups
addressed here; GD patients with a gambling pattern aris-
ing from a dopaminergic medication are likely older [125]
compared to other GD patients. In many settings, GD ther-
apy is typically offered in a group therapy format, both
regarding CBT [139] and self-help peer support groups
often offering group interventions [140]. Thus, offering
GD treatment in a group format to patients with or with-
out a dopaminergic medication-related etiology may lead
to mixed groups at least with respect to age. It is unclear
whether this has an effect on treatment efficacy in these
groups, but the age difference, and possibly the differences
in physical and psychiatric comorbidities, may present a
challenge.

Other treatment strategies in GD may involve a plethora
of structured interventions, brief motivational interven-
tions [132], self-help tools, or financial or legal measures
hindering the gambling in affected individuals. It has been
described that treatment-seeking—or rather help-seeking—
behavior in GD patients may be highly diverse [26]. One
measure often taken by patients with a GD is voluntary self-
exclusion, where an individual opts for a technical barrier
against gambling on one specific gambling site, an internet
gambling site, or on a number of operators within a juris-
diction [141, 142]. Emerging gambling problems may also
be prevented by the use of motivational techniques, such as
personalized normative feedback interventions.

Thus, altogether there is a lack of evidence of specific
treatment strategies for a GD developed in the context of
a dopaminergic medication. However, in the absence of
evidence pointing to other directions, the clinical manage-
ment of a dopamine agonist-induced gambling behavior may
include the reduction or discontinuation of the dopaminergic
medication, and may also include structured GD treatment
as suggested for other patients with GD, i.e., primarily using
a CBT approach.
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7 Conclusion

Since the neurobiology of GD is only partly understood, the
mechanism of how dopaminergic and serotonergic drugs can
increase addictive behavior is still subject to speculation.
Given the clear association in large study populations and
many indicators from molecular research, a causal relation-
ship is likely but has not been proven yet. Studies in animal
models, where increased gambling behavior can be linked
directly to drug exposure, ideally in a dose-dependent man-
ner, would be one suitable approach to prove causality. Even
if there are limitations to studying human behavior in ani-
mals, a couple of well-established tests can assess impulsiv-
ity and risk-taking behavior in rodents [59, 143].

Some drugs have an effect on gambling behavior only
in patients with GD, not in the control group. In line with
these findings, preclinical studies have shown that dopamine
agonists increase already manifested substance addictions
but will not create new addictions [144]. In general, dopa-
minergics seem to enhance the reinforcement of addictive
behaviors especially when the habit is already formed. This
could be crucial information for eventually discovering the
molecular mechanism of dopaminergic medication impair-
ing impulse control, perhaps dependent on D, and D; recep-
tors in the nucleus accumbens.

The emerging knowledge in the area calls for further
research in preclinical, clinical, and epidemiological study
designs. In the clinical setting, treatment studies are needed
in order to better outline the clinical presentation and the
challenges involving other comorbidities. Likewise, evi-
dence for the regulation of dopaminergic medications and
the application of more gambling-specific pharmaceutical
and psycho-therapeutic treatment strategies is hitherto lim-
ited, and this calls for treatment studies specifically in these
groups of patients.
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