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1What Is an Addiction?

Andreas Heinz and Anne Beck

1.1  Introduction

When should behavioural problems such as pathological gambling be considered to 
be an addiction?

If we want to define addictive disorders, we can look at current classification 
systems, neurobiological findings and the intuitions that structure both clinical and 
biological research. In this chapter, we will start with the classification systems and 
their underlying ideas, discuss the plausibility of neurobiological correlates and 
consistency of respective findings and finally compare some key theories about 
addiction that are currently guiding research.

In ICD-10 as well as DSM-IV, substance-related addictions are characterized by 
the development of tolerance to the effects of the drug of abuse, the manifestation 
of withdrawal symptoms upon detoxification, strong craving to consume the drug 
(this criterion was only recently introduced in DSM-5 and was not previously 
listed in DSM-IV) and reduced control of drug intake (in DSM-IV and DSM-5, this 
criterion is differentiated into the aspect of long-term high drug intake on the one 
hand and unsuccessful attempts to reduce it on the other hand). Further criteria 
describe harmful consequences of drug intake as well as a substantial increase in 
time spent to acquire and consume the drug of abuse at the expense of other activi-
ties [1–3]. In ICD-10 and DSM-IV, harmful drug use in the absence of further key 
aspects of substance dependence was classified as a separate category, while in 
DSM-5, harmful use, associated social problems and impairment of important 
obligations have been included together with the previously listed symptoms of 
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addiction into a dimensional approach that classifies substance use disorders [2]. 
A rationale behind this decision was that in epidemiological studies, there is a 
continuous increase in drug-related problems rather than sharp boundaries distin-
guishing harmful use from addiction. On the other hand, it has been criticized that 
if DSM-5 criteria are applied, legal restrictions (e.g. due to alcohol being illegal in 
many countries) can turn the desire to consume a glass of wine in the evening into 
a substance use disorder if acquiring and consuming the illegal drug causes social 
problems and, for example, due to incarceration, impairs performance in accor-
dance with important social obligations [4]. With respect to non-substance-related 
disorders, DSM-5 was the first classification system to include certain behavioural 
syndromes in the wider category of addiction [2]. More specifically, pathological 
gambling, which in DSM-IV was classified as a disorder of impulse control, is now 
included in this wider addiction category. Transferring the concepts of substance-
related addiction into the area of behavioural syndromes, tolerance development 
can be compared to the observation of increasing amounts of money required to 
satisfy the gambler’s desire to participate in the game, withdrawal symptoms can 
be represented by restlessness and dysphoria when gambling is interrupted, crav-
ing and a rather large amount of time dedicated to the addiction can be indicated 
by a gambler being preoccupied with his or her game, and loss of control can be 
reflected in unsuccessful attempts to control or even stop gambling. Further rather 
specific syndromes associated with pathological gambling are chasing losses, i.e. 
the attempt to regain larger amounts of money previously lost in the gamble by 
increasing stakes, the use of gambling as a maladaptive tool to cope with negative 
emotions as well as the reliance on others to provide enough money to continue 
gambling. In accordance with the dimensional approach of DSM-5, social prob-
lems and impaired role performance, which previously represented criteria for 
harmful addictive behaviour, are now also included as criteria used to classify gam-
bling disorder as an addiction.

Current classification systems claim that all symptoms are to be treated equal 
and that the presence or absence of two or more symptoms fulfilling the criteria 
listed above suffices to diagnose an addiction [2]. However, it is immediately clear 
that with respect to neurobiological research, some of the symptoms listed above 
have rather clear-cut biological correlates, while others are so deeply embedded in 
social interactions and legislation that the search for neurobiological correlates 
appears to be not only hopeless but also misguided. A famous example is the now 
abolished criterion “repetitive problems with the law”, which was reflected in “ille-
gal acts associated with gambling” in the former classification of pathological 
gambling in DSM-IV. But even beyond such descriptions of problematic behaviour 
that clearly depend upon legislation, social problems and impairments in role per-
formance depend very strongly on cultural and social settings as well as demands 
on the individual [4]. The same is true with respect to the time required to get and 
consume a drug of abuse or to participate in gambling: This criterion is strongly 
influenced by the availability of the desired acts, which is of course reduced when 
the substance is illegal or gambling is prohibited. Accordingly, neurobiological 
research has largely focussed on the development of tolerance, withdrawal 
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symptoms associated with the sudden interruption of drug intake or gambling, 
craving for the addictive behaviour or drug of abuse as well as reduced control in 
dealing with drug intake or gambling [5–8].

1.2  Addiction Versus Dependence: Conceptual Changes

Traditionally, there has been a shift in focus when dealing with addictive disorders: 
Some decades ago, Edwards focussed on the “dependence” aspect of addictive 
behaviours, suggesting that tolerance development and withdrawal symptoms are at 
the core of drug-related problems [9]. Specifically, Edwards [9] suggested that all 
drugs of abuse cause biological alterations when chronically consumed, which 
result in withdrawal symptoms once their intake is stopped. In accordance with this 
hypothesis, Koob and Le Moal suggested that such neuroadaptive changes due to 
chronic drug intake result in establishing a new homeostasis, which depends on the 
continuation of drug consumption [5]. For example, alcohol stimulates GABAergic 
inhibition in the brain [10], and a long-term downregulation of GABA-A receptors 
has been observed in detoxified alcohol-dependent patients [10–12]. This down-
regulation of GABA-A receptors apparently balances the inhibitory effects of alco-
hol on GABA-A receptors. However, once alcohol intake is suddenly stopped, for 
example, in severe alcohol dependence during night sleep, GABA-A receptors 
remain downregulated, while there is a lack of the inhibitory effect of the drug of 
abuse. The loss of homeostasis represents a dysbalance between excitation and inhi-
bition and contributes to withdrawal symptoms such as seizures [13]. Furthermore, 
if such inhibitory drug effects interact with second messenger systems in core areas 
of the autonomic nervous system including the locus coeruleus, impaired inhibition 
of this brain area can contribute to vegetative withdrawal symptoms [14–16]. 
According to Edwards [9], such withdrawal symptoms regularly occur following 
chronic drug intake and are a hallmark of substance dependence [9]. Moreover, 
Edwards [9] suggested to focus on the dependence aspect of addictions, because the 
term “addict” itself can have stigmatizing effects. Today, we see a shift of the 
research focus away from questions of drug tolerance and dependence towards what 
is considered to be key aspects of addition, i.e. strong drug craving and loss of con-
trol [2]. This shift of focus enabled the American Psychiatric Association to classify 
pathological gambling as an addiction: Tolerance development and withdrawal 
symptoms are particularly strong if the consumed drug of abuse has inhibitory 
effects on certain brain areas including the autonomic nervous system. Gambling 
and other addictive behaviours, however, are usually not sedative and—unlike drugs 
of abuse—do not directly interfere with inhibitory and excitatory systems in the 
central nervous system [5, 17, 18]. While there can be dysphoria and restlessness in 
gamblers who are suddenly interrupted when participating in their game or when 
being confronted with gambling machines they are not allowed to use [19, 20], such 
withdrawal symptoms are usually rather mild and hard to distinguish from some 
aspects of craving for the behaviour. Therefore, both research on non-substance- 
related addictions including gambling and a current neurobiological focus on brain 
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areas and neurotransmitter systems associated with motivation and executive con-
trol shifted research on substance dependence towards the “addiction” aspect, i.e. 
craving and control impairment.

1.3  Key Neurobiological Findings in Addiction Research

Indeed, neurobiological research on addiction has its most consistent findings with 
respect to the correlates of drug craving and a bias towards drug intake at the expense 
of other activities, which—when consciously not accepted and accompanied by  
claims that the person actually wants to do otherwise—often counts as an indicator 
of control impairment. Further aspects of control impairment include impulsive 
responding to small rewards that are immediately available instead of waiting for 
larger rewards and by impaired motor control when having to interrupt a motor 
tendency to respond to certain stimuli [21]. However, these different aspects of 
impulsivity often do not correlate at all with each other, questioning the concept of 
“impulsivity” as a coherent and useful construct in addiction research [22].

More consistent results have been acquired with respect to drug craving and 
aspects of loss of control associated with dopamine dysfunction in the ventral stria-
tum and further brain areas associated with the so-called reward system [23, 24]. 
Indeed, all drugs of abuse release dopamine in the ventral striatum and thus reinforce 
drug consumption [25]. Unlike natural reinforcers, drugs of abuse continue to release 
dopamine upon re-exposure; thus the dopamine response to drugs fails to habituate. 
Moreover, dopamine release associated with drugs of abuse is usually much higher 
than dopamine release associated with natural reinforcers [25–29]. However, direct 
evidence for sensitized or increased dopamine release, as postulated by some addic-
tion theories [30, 31], is hard to verify in humans, because even functional magnetic 
resonance imaging with its time frame of seconds is not able to track phasic dopa-
mine release alterations appearing in the range of milliseconds [32]. However, recent 
research suggest that such short bursts of dopamine release indeed activate the ven-
tral striatum as measured with optogenetic functional magnetic resonance imaging in 
awake rodents [33], thus suggesting that studies on cue-induced functional activation 
of the ventral striatum elicited by drug versus neutral or nondrug reward anticipatory 
cues indeed reflect alterations in dopaminergic signalling.

It is quite plausible that certain gambles and other addictive behaviours repeti-
tively and unphysiologically strongly activate dopamine release in the ventral stria-
tum, and in accordance with this hypothesis, indirect evidence for ventral striatal 
dysfunction in gambling has been reported [6, 34–37]. In this context, compensa-
tory downregulation of dopamine receptors in the ventral striatum and blunting of 
functional activation of this brain area elicited by non-addictive reward-indicating 
cues has repeatedly been observed [6, 35, 38–40]. Such alterations in dopaminergic 
neurotransmission and the associated functional activation have often but not always 
been associated with the experience of subjective craving [41–43]. Craving, how-
ever, is a conscious process reported by the individual and requires a certain degree 
of self-reflection and openness towards one’s own experiences as well as 
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interpersonal trust for sharing it with an observer. More direct ways to assess drug 
craving are measures of implicit drug approach tendencies as observed with the 
alcohol approach-avoidance task (alcohol AAT [44, 45]), where it has been observed 
that, for example, alcohol-dependent patients tend to pull alcohol cues towards 
themselves and need more time when required to push them away compared with 
nondrug- related stimuli [44, 45].

While there is some evidence that alterations in the so-called reward system con-
tribute to craving for drugs as well as non-substance-related addictions including 
gambling, there is less consistent neurobiological findings with respect to the clini-
cal symptom of impaired control over drug intake or gambling. An aspect of loss of 
control that is directly related to reward system alterations in addiction is given by 
an unconscious bias of behaviour towards drug consumption or pathological gam-
bling at the expense of other activities. Such behavioural biases may be due to the 
fact that drugs of abuse as well as behavioural addictions activate dopamine release 
in the ventral striatum more strongly than natural reinforcers [25], thus reinforcing 
drug consumption or pathological gambling more strongly. Furthermore, increased 
presynaptic dopamine release can lead to neuroadaptive alterations, e.g. in the avail-
ability of dopamine D2 receptors, as observed for chronic alcohol intake in rodents 
[46] as well as in human alcohol-dependent patients [41, 42, 47]. Downregulation 
of dopamine receptors may help to explain why natural reinforcers fail to activate 
the ventral striatum in addicted subjects [39, 40, 48]. However, why do drug- 
associated cues continue to activate the ventral striatum in many studies [40, 49, 
50]? Animal experiments have shown that cues that predict reward are attributed 
with the same salience and motivational value as the reward itself, due to a shift of 
phasic dopamine release from reward reception to the surprising presentation of the 
conditioned cue that reliably predicts reward [32, 51]. Drug cues, which are associ-
ated with high drug reward, could thus cause increased ventral striatal activation due 
to such conditioning processes [52]. Beyond such conditioning processes, Robinson 
and Berridge [31] suggested that drugs “sensitize” dopamine release [31], with 
repeated drug use being associated with increased psychomotor stimulant proper-
ties of, e.g., cocaine and drug cues, which elicit increased dopamine release in indi-
viduals that tend to react strongly to reward-associated stimuli [53, 54]. If such 
experiments in animals can be transferred to humans, it is quite plausible that some 
but not all individuals are prone to strongly react to drug-associated cues. On the 
other hand, salience attribution per se should not be confounded with a strong 
approach bias towards the drug of abuse. In fact, Beck et al. [49] observed that func-
tional activation of both the amygdala and the ventral striatum was increased in 
patients who prospectively remained abstinent rather than relapsed to alcohol use 
[49]. Increased amygdala activation, which was functionally connected to the centre 
of origin of dopaminergic neurons in the brainstem, may also help to attribute 
salience towards potentially negative stimuli such as alcohol pictures in patients 
who consciously decided to remain abstinent. Observing increased activation of the 
ventral striatum in prospective abstainers but not relapsers was surprising but may 
also be due to salience attribution rather than eliciting an approach bias by activa-
tion of this limbic part of the striatum [55].

1 What Is an Addiction?
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The effects of Pavlovian conditioned stimuli on unrelated instrumental choice 
behaviour can be assessed using Pavlovian-to-instrumental-transfer tasks, in which 
such Pavlovian cues are presented as background stimuli while performing an unre-
lated choice. Applying such studies in humans, Garbusow et al. observed that appe-
titive cues tend to increase approach behaviour and aversive cues tend to decrease 
approach behaviour to a larger degree in detoxified alcohol-dependent patients com-
pared to healthy controls [56], and assessment of the effects of alcohol cues in such 
settings is currently carried out. Such studies may help to shed more light on the 
effects of drug cues on approach behaviour and, in a larger theoretical framework, 
on reduced control of addictive behaviour due to an unconscious bias of instrumen-
tal choice towards drugs or pathological gambling.

1.4  Executive Control and Addictive Behaviour

Neurobiological correlates of reduced control of drug intake or addictive behaviour 
have also been associated with impaired executive control functions. In alcohol 
dependence, neurotoxic effects of alcohol intake can contribute to cortical atrophy, 
particularly in the prefrontal cortex, and thus impair executive functions such as 
working memory [57, 58]. Again, such neurotoxic drug effects are hard to observe 
in pathological gambling, where cortical functioning is rather unimpaired on a 
structural level. Also, studies in subjects at risk failed to reveal impaired frontocorti-
cal control functions and rather pointed to a bias of information processing towards 
drug-associated choices in association with ventral striatal activation [59]. 
Furthermore, some studies in alcohol-dependent patients suggest that bottom-up 
information processing from the ventral striatum to the prefrontal cortex rather than 
top-down control of motivational systems by the prefrontal cortex is impaired in 
alcohol dependence [60]. These observations are in line with current studies empha-
sizing the role of the ventral striatum in cortico-striatal-thalamic neurocircuits, 
which regulate complex behaviour [61, 62]. Altogether, impaired control is a key 
concept of addictive behaviour; however, whether there are clinically relevant alter-
ations in non-substance-related addictions with respect to cortical control functions 
remains to be explored in more depth.

1.5  Addictions Versus Compulsions

So far, these considerations suggest that drug addiction is characterized by a bias of 
information processing particularly in the so-called reward system towards drug 
consumption and drug-associated cues. With respect to pathological gambling, 
there has also been observed reduced activation of the ventral striatum by non- 
gambling- related stimuli predicting financial reward (e.g. [6, 34]), while increased 
activation of various brain areas including the prefrontal cortex has been observed 
by drug-associated stimuli in pathological gambling (e.g. [63]). Do these neurobio-
logical correlates suggest that addictions are specific types of compulsions, i.e. 
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which similarities and differences can be identified when comparing obsessive- 
compulsive (OCD) and addictive disorders?

It has long been shown that human choice behaviour largely depends upon infor-
mation processing in fronto-striatal-thalamic neurocircuits [64]. With respect to 
drug addiction, Volkow and others have repeatedly observed that there is reduced 
glucose utilization in the frontal cortex in different substance-related addictions 
[65–67]. OCD, on the other hand, has been associated with increased glucose utili-
zation in the frontal cortex and associative striatum [68–70]. More recent studies 
with functional magnetic resonance imaging revealed that different obsessive- 
compulsive behaviours such as washing or hording are associated with specific 
fronto-striatal-thalamic networks, which also include activation of further limbic 
brain areas such as the anterior insula [71]. Exposure to drug-related cues has also 
been associated with brain activation patterns inside and outside of fronto-striatal- 
thalamic networks [72]. However, the direction of the respective changes appears to 
be different between OCD and addiction, with increased long-term glucose utiliza-
tion in the frontal cortex being observed in obsessive-compulsive disorders, while 
these brain areas are rather hypoactive in addiction except when momentarily acti-
vated by drug-associated cues [49, 73]. Clinically, we and others have observed that 
compulsions are rather permanently manifesting repetitive actions, which phenom-
enologically differ considerably from cue-induced drug craving and consumption 
[74, 75]. Therefore, while craving and drug consumption can be experienced as 
rather “compulsive” by patients, neurobiological similarities are limited and sub-
stantial differences are evident.

1.6  Summary and Outlook

Altogether, this review of neurobiological correlates of key symptoms of addiction 
suggests that tolerance development and withdrawal symptoms constitute core 
aspects of addiction [9]; however, such symptoms are usually rather mild in non- 
substance- related addictions due to the rather low sedative effects of such activi-
ties. Strong craving and a bias towards addictive behaviour, on the other hand, have 
repeatedly been associated with altered functional activation of neural circuits 
known to regulate choice behaviour, which strongly rely on ventral striatal activa-
tion embedded in circuits including the prefrontal cortex and thalamus as well as 
further limbic brain areas [76]. Such alterations can bias behaviour towards the 
drug of choice or the preferred addictive behaviour at the expense of other activi-
ties. However, we should be careful to rely on craving and reduced control as the 
only indicators of addictive behaviour: Every passion including dedicated research 
or romantic love can be characterized by strong craving and a certain focus of 
attention on this activity at the expense of others [77]. Therefore, it does not suffice 
to label some activities as helpful and others as harmful, because then social and 
legal tendencies, e.g. to ban a certain drug including alcohol from public consump-
tion or to prohibit gambling, decide whether a certain behaviour is an addiction or 
not. Conceding this would mean that dominating morals and legislation and not 
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medical criteria decide what behavioural syndromes constitute a clinically relevant 
mental malady. To avoid such confounds with changing morals, the diagnosis of a 
clinically relevant mental malady should, in our view, require that two of three 
criteria are fulfilled:

The first one is a decision on whether certain symptoms of a disorder are medi-
cally relevant, i.e. whether they can generally impair human life to a relevant degree 
(the disease criterion). This decision is not one based on natural science evidence 
but rather on plausibility and common sense. Not being able to roll your tongue is 
not a disease, because you do not need to roll your tongue to survive as a human 
being, while being unable to swallow is a symptom of a disease, because as humans 
we need to consume food to survive.

The second and third one depend upon the individual assessment of the conse-
quences of these symptoms, i.e. do they harm the person by causing suffering (the ill-
ness criterion) or a severe limitation of social participation (the sickness criterion [77]).

With respect to key symptoms guiding the diagnosis of a disease, developing 
tolerance to a drug of abuse and showing withdrawal symptoms that can be lethal as 
in delirium tremens are clearly symptoms of a disease, because their manifestation 
can be life threatening. Other aspects of addictions such as strong craving and loss 
of control do not directly jeopardize human survival but can severely impair human 
life with others [77]. Assessing whether this is indeed the case, value judgements 
play a stronger role than when assessing withdrawal symptoms. Therefore, we have 
to be careful not to exclusively rely on symptoms such as craving and reduced con-
trol when diagnosing an addiction. Kant [78] has suggested that addictions are 
always characterized by a certain disinterest in another human being as an indepen-
dent person with his or her own goals and way of life [78], and we suggest that 
beyond craving and loss of control, behavioural addictions are characterized by 
such a reduced interaction with other human beings. However, we warn that all 
these assessments strongly rely on contemporary value judgements and may be 
revised in the future in more tolerant or less liberal societies. Therefore, diagnosing 
an addiction in the absolute absence of tolerance development and withdrawal 
symptoms may not be recommendable and we indeed do not recommend to do so. 
We have suggested that other criteria to diagnose a medically relevant disease 
including harm to the person’s health or role functioning or an increased amount of 
time necessary to acquire the drug of abuse or to gamble are of limited value: 
Physical harm, e.g. resulting from liver toxicity of alcohol intake, can be objectified 
quite easily, while harmful effects on social interactions depend on legalization or 
punishment of drug consumption or gambling and also affect the time required to 
acquire or consume a drug of abuse or to find a place to gamble. Therefore, we feel 
that at the core of the medical diagnosis of a disease, a general impairment of mental 
functions relevant for human life needs to be diagnosed, and this diagnosis should 
rely on core aspects of addictions including tolerance development, withdrawal 
symptoms, craving and impaired control of the respective behaviour.

Furthermore, we suggest that diagnosing symptoms that indicate that a medical 
disease is present (the disease criterion) does not suffice to actually diagnose a 
clinically relevant mental malady. There are human beings who show clear 
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indications of medically relevant dysfunctions including acoustic hallucinations, 
who neither suffer from them nor are impaired in their common performance of 
daily activities [79]. Therefore, beyond the medical disease aspect, the individual 
has to either suffer from these symptoms (the illness criterion) or be severely 
impaired in his or her social participation (the sickness criterion), particularly with 
respect to activities of daily living such as personal hygiene or food consumption 
etc. [77]. Beyond the assessment of generally relevant medical symptoms, any 
diagnosis of a clinically relevant disorder thus needs to also assess the personal 
consequences of such symptoms including individual suffering or the impairment 
to cope with activities of daily living [77]. We emphasize such a cautious approach 
to diagnosis in order to avoid that dictatorships or other ideological groups can 
start defining any unwanted behaviour as an addiction, for example, critical blog-
ging in the Internet or, as was the case in ninetieth century, the attempts to escape 
from slavery as drapetomania [80, 81]. Behavioural addictions can have a profound 
negative impact on the life of the afflicted subjects; however, we have to make sure 
that diagnosing such an addiction is not abused to label socially unwanted behav-
iour, which is performed by individuals in spite of negative social pressure, as a 
mental malady. Therefore, the cautious approach of the American Psychiatric 
Association [2], which only classified gambling as an addictive disorder and 
abstained from labelling more behavioural syndromes including involvement in 
excessive sexual contacts or shopping, is quite warranted [2]. We hope that this 
book and its review of clinical as well as neurobiological findings on behavioural 
addictions will help to promote such a cautious and rational approach towards 
behavioural addictions.
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2Gambling Disorder as a Clinical 
Phenomenon

Christopher J. Hunt and Alexander Blaszczynski

2.1  Games and Gambling in Antiquity

The exact origins of gambling have faded into obscurity but its presence dates to 
antiquity. Archaeological findings offer evidence of games of chance played as long 
back as approximately 4000 years BC. Murals and artefacts around this period indi-
cate that board games such as the forerunners of draughts and backgammon and 
astragals (knucklebones) used as dice thrown to determine the number of steps to 
move playing pieces [1–3] were commonly accepted as leisure pursuits. The oldest 
known Eastern games of Wei-kin in China and Go in Japan emerged around 
2300 years BC. These games relied on chance as the determinant of outcomes, but 
the exact point in time when players began to risk items of value either to enhance 
excitement in competition or for personal gain remains unknown. What is known is 
that reference to gambling can be found in ancient Egyptian mythical accounts of 
deities and demigods and in Mediterranean and Eastern culture folklores.

Indications are that many games laid the foundation for activities that subse-
quently met the definition of gambling, that is, an agreement between two or more 
participants to risk an item of value on the outcome of an event determined wholly 
or to some extent by chance for purposes of obtaining a gain/profit. Roulette, for 
example, has its origins in Grecian and Roman soldiers wagering on the turn of 
numbered chariot wheels; the throwing of dice and lots in appeal to religious divina-
tion represents the forerunner of modern dice games; legends about keno claim a 
history dating back to efforts to raise money to fund wars and build the Great Wall 
in ancient China; horse and chariot races later evolved into national wagering 
events; and simple early card games diverged into the multiple card game formats 
played today, such as poker, baccarat and blackjack. In contemporary times, 
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technological and electronic advances have given rise to sophisticated electronic 
gambling devices mimicking traditional games, and the Internet offers global oppor-
tunities for virtually all forms of gambling.

Societal acceptance of gambling has fluctuated from extremes of widespread 
indulgence to attempted suppression for as long as gambling has been in existence. 
For example, Confucius (551–479  BC), whose philosophy formed the basis of 
much Chinese moral reasoning throughout subsequent centuries, reportedly referred 
to gambling as unproductive and as violating filial duty [4]. There is then evidence 
of legal proscriptions against gambling in China during the Warring States period 
(c. 476–221 BC) and during the Tang dynasty (c AD 618–907 [4]). Similar religious 
and legal restrictions on gambling in Europe were enacted in response to the social 
and economic impacts of excessive gambling: public disorder, creation of poverty 
and personal and familial distress, cheating and exploitation and as it was viewed as 
an activity contrary to Protestant work ethics or religious tenets [5, 6]. Accordingly, 
religious edicts prohibiting gambling and statutes banning certain activities, limit-
ing losses or preventing recovery of gambling debts were enacted across many juris-
dictions. By 1882, virtually every European province prohibited gambling [7] with 
the temperance movement in the latter part of that decade temporarily successful in 
tempering the consumption of alcohol and gambling in America. In the current era, 
the full circle has turned with gambling, although not universally adopted and 
accepted, becoming a multibillion dollar global industry, incorporating 24/7 conve-
nient, anonymous and easy access to gaming and wagering products through mul-
tiple land-based options and via online devices (smartphones, tablets and laptops).

2.2  Gambling to Excess

Numerous anecdotal and case history accounts of individuals, including historical 
celebrities, falling prey to the lure of gambling have been chronicled over the ages 
[6]. Documented in these writings is the extent to which individuals wreaked havoc 
on their wealth, incurred debt leading to poverty and imprisonment in debtor’s jail, 
destroyed marriages and families and succumbed to suicidal ideation [3, 6]. These 
accounts are insightful in describing the phenomenology associated with ‘compul-
sive’ urges driving an individual motivated by the desire to win to persist despite 
incurring substantial losses and severe emotional distress. The ‘addictiveness’ of the 
behaviour indicated by the presence of tolerance [8] and impaired control and pre-
occupation comparable to alcohol addiction [9] has been frequently described in the 
popular literature prior to the twentieth century. Exemplary descriptions of the pow-
erful processes inherent in gambling are contained in Pushkin’s The Queen of 
Spades [10], Dostoevsky’s The Gambler [11], Thackeray’s A Gambler’s Death [12] 
and Saki’s The Stake [13], a literature base that depicts the phenomenology of the 
behaviour in comprehensive detail. However, it was not until von Hattinger’s [14] 
psychodynamic description of gambling was published that scientific consideration 
was given to the idea of excessive gambling representing a clinical phenomenon 
reflecting the presence of an underlying psychological disorder.
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2.3  Gambling Disorder as a Clinical Phenomenon

Between 1914 and 1957, with continuing pockets of interest, psychodynamic expla-
nations were applied to the aetiology of ‘compulsive’ gambling. Predominantly 
based on single case or case series reports, the condition was regarded as the symp-
tomatic expression of an underlying psychoneurosis related to pregenital psycho-
sexual phases and Oedipal conflicts, masturbatory complexes and equivalents or the 
expression of psychic masochism linked to a tendency for self-punishment resulting 
from unresolved aggressive feelings [15–17]. Although shaping its intervention, the 
psychodynamic formulation lacked empirical support, retained untestable hypoth-
eses and failed to explain the transitional shift from recreational to impaired control, 
a process often taking several years. In addition, the gambling was typically not the 
primary reason for referral, leaving the causal or interactive relationship between 
the respective conditions unknown.

Derived from experimental manipulations of behaviour, learning theories gained 
popularity in the 1960s following the seminal studies of Skinner [18] and Pavlov 
[19] describing operant and classical conditioning paradigms, respectively. This 
provided an excellent model explaining how overt gambling behaviours were influ-
enced by contingencies of random ratio-delivered schedules of reinforcement. 
Anderson and Brown [20] advanced a two-factor theory that incorporated operant 
and classical conditioning principles with individual differences in autonomic/corti-
cal arousal and sensation-seeking personality traits. This theory was predicated on 
the assumption that certain individuals had a propensity to respond differently to 
rewards and punishment, with a proclivity to repetitively seek out risky behaviours 
to maintain optimal levels of hedonic arousal [21].

Jacobs [22] extended these concepts into his general theory of addictions that 
contained many of the inherent features of Solomon and Corbitt’s [23] opponent 
process model. Briefly, Jacobs [22] argued that chronically hyper- (anxious) or 
hypo- (depressed) aroused individuals, in combination with psychological states of 
low self-esteem and experiences of rejection, placed such individuals at risk for 
pursuing behaviours that fostered homeostatic levels of arousal. Those hyper-
aroused, it was suggested, gravitate to low-skills games where their attention is 
narrowed and focussed, resulting in negative reinforcement, that is, escaping from 
states of emotional distress [22, 24]. For those hypo-aroused, preferences were 
directed to higher skill games that engaged their interests resulting in excitement, 
boosting their affective states.

These early theories highlighted the central role played by biologically deter-
mined differences in psychophysiological arousal, the influence of positive and 
negative reinforcement and personality traits as vulnerability factors leading to a 
gambling disorder. Cognitive and motivational variables were recognized but did 
not attract the primary focus of attention at this point. However, cognitive theories 
gained prominence with the identification of consistent distorted and erroneous 
beliefs surrounding illusions of control, misunderstanding the mathematics and sta-
tistical basis of gambling and concepts of randomness and mutual independence of 
chance events [25–27]. Chasing losses as a motivation is one of the overarching 
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factors defining a gambling disorder as described by Lesieur [28]. Behavioural and 
cognitive theories are not mutually exclusive but contain behavioural and motiva-
tional components that interact with each other to maintain persistence despite seri-
ous deleterious consequences.

Given its repetitive persistent nature, it is unsurprising that analogies between 
gambling and substance addiction have been promulgated. This perspective was 
formalised in the DSM-IV [29], where the criteria for what was then termed ‘patho-
logical gambling’ were revised to explicitly draw attention to the presence of many 
features commonly found in substance use disorders, including withdrawal symp-
toms, tolerance and preoccupation/dependence and affective disturbances [30].

Irrespective of the explanatory model applied, phenomenological features of emo-
tional dependence on gambling, impaired control over behaviours, concurrent sub-
stance use and affective disturbances and persistence in the face of accumulating 
stresses and distress characterise gambling disorder as a clinical entity. Typical fea-
tures include the presence of depression, suicidal ideation, anxiety and emotional dis-
tress, marital and familial conflicts, impaired work/study productivity, commission of 
illegal acts to maintain habitual gambling behaviours and substance use. Cognitive 
distortions result in individuals overestimating personal skills and probabilities of 
winning and lead to further attempts to recoup losses through continued gambling.

2.4  Current Diagnostic Criteria for Gambling Disorder

Although recognized as a clinical entity for over 40 years since its inclusion within 
ICD-9 [31] and DSM-III [32], debate regarding inconsistencies in the terminology 
used, categorization, and criteria used to diagnose a gambling disorder have been 
prevalent. In particular, gambling disorders have been variably considered to consti-
tute an impulse control disorder, an addictive behaviour or fall on an obsessive- 
compulsive spectrum (see [33], for an overview). In the following section, the 
development of the current diagnostic criteria guided by phenomenological features 
that consolidate gambling as a clinical disorder will be outlined.

With the release of the DSM-5 [34], the following diagnostic criteria were given 
for the diagnosis now referred to as ‘gambling disorder’ (the earlier name of ‘patho-
logical gambling’ was dropped as the term ‘pathological’ was considered to be 
pejorative [35]). In order to receive a diagnosis of a gambling disorder, individuals 
must meet four of the nine criteria over a 12-month period. Their behaviour must 
also not be better accounted for by a manic episode.

 1. Needing to gamble with increasing amounts of money in order to achieve the 
desired excitement.

 2. Feeling restless or irritable when attempting to cut down or stop gambling.
 3. Making repeated unsuccessful attempts to control, cut back or stop gambling.
 4. Often experiencing preoccupation with gambling (e.g. having persistent thoughts 

of reliving past gambling experiences, handicapping or planning the next ven-
ture, thinking of ways to get money to gamble).
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 5. Often gambles when feeling distressed (e.g. helpless, guilty, anxious, depressed).
 6. After losing money gambling, often returns another day to get even (‘chasing’ 

one’s losses).
 7. Lies to conceal the extent of involvement with gambling.
 8. Jeopardising or losing a significant relationship, job or educational or career 

opportunity because of gambling.
 9. Has relied on others to provide money to relieve desperate financial situations 

caused by gambling.

As well as the aforementioned name change, these criteria represented several 
changes from the previous DSM-IV-TR criteria for pathological gambling [36]. 
Firstly, the diagnosis was moved to the section titled ‘Substance Use and Related 
Disorders’, where it is the sole member of a grouping titled ‘non-substance-related 
disorders’. The DSM-5 workgroup on gambling cited research that highlighted 
clinical, neurological, epidemiological and genetic similarities between gambling 
and substance use disorders as the key reason for the move, although they noted that 
there were dissenting voices [37]. The research into the similarities and differences 
between gambling and substance use disorders will be discussed in detail later in 
this volume (see Chap. 12).

The second change that was made to the criteria in the DSM-5 was the dropping 
of the criterion included in past editions ‘has committed illegal acts such as forgery, 
fraud, theft, or embezzlement to finance gambling’. The workgroup reported that this 
criterion had been removed as only a minority of the treatment population endorsed 
this criterion, and those who did frequently also reported meeting multiple other 
criteria, thus diminishing this criterion’s usefulness in the diagnosis of gambling dis-
order [37]. Other writers have disputed this change, noting that illegal acts remain 
relatively common in treatment samples of gamblers, and the retention of this crite-
rion would draw attention to the relationship between gambling disorder and legal 
issues [38]. Indeed, regardless of the decision made to exclude this criterion, those 
working with gamblers should remain aware of the high rates of co- occurrence 
between gambling disorder and illegal activities. Recent evaluations of the new 
DSM-5 criteria across various treatment and community samples found that over 
40% of those engaged in treatment for gambling-related problems reported engaging 
in illegal activates [39]. Furthermore, previous work has found that those who have 
experienced arrests or incarceration as a result of gambling-related crime were more 
likely to display features suggestive of antisocial personality disorder and substance 
use disorders [40]. It has also been suggested that gamblers who report illegal activi-
ties may also require more intensive treatment than those who do not [41]. Thus, the 
relationship between gambling and illegality should remain a clinical and research 
focus despite the illegal acts criterion being removed in the DSM-5.

The final change in the diagnostic criteria for the DSM-5 was the reduction of the 
number of criteria needs for a diagnosis. In the DSM-IV, meeting five out of the ten 
listed criteria was necessary in order to obtain a diagnosis of pathological gambling. 
In the DSM-5, this was reduced to four out of nine criteria. The rationale for this 
reduction was that it would ensure consistency with previous diagnosis rates 
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following the removal of the illegal acts criterion [35]. Empirical studies since then 
have shown that this change in the threshold for diagnosis resulted in either no 
change or in a very slight increase in the numbers of individuals meeting criteria for 
disordered gambling [39, 42, 43]. However, comparisons with other measures of 
gambling severity have led to the claim that the reduced threshold leads to more 
consistent diagnosis relative to the previous criteria [37]. Taken together, these find-
ings suggest that there does appear to be sound empirical support for the changes 
made to the diagnostic criteria in the DSM-5.

2.5  Diagnosis of Subclinical Gambling

For many clinicians, diagnostic issues are of secondary importance: when an indi-
vidual presents to a service asking for treatment for their gambling, they will receive 
it, and whether they meet strict diagnostic criteria is purely of academic interest. 
However, in some treatment settings, particularly in the United States where insur-
ance companies often dictate that a current diagnosis is necessary for treatment 
coverage, ensuring that those who seek treatment would also meet some formal 
diagnosis can make the difference between those who are experiencing gambling- 
related harm receiving treatment or not. It is in this context that researchers and 
commentators have often proposed further changes or additions to diagnostic sys-
tems used for gambling-related behaviours that attempt to capture those who may 
not meet DSM-5 criteria for gambling disorder but who may nonetheless be experi-
encing significant distress or harm as a result of their gambling.

There have been various proposals for how to classify such ‘subclinical’ gam-
blers. One proposal has been to model the criteria for the DSM-5 on the classification 
system used for substance use disorders, where the endorsement of only two symp-
toms is required for a diagnosis [38]. Under such a system, gamblers would then be 
further classified into subgroups by the number of criteria met. For example, indi-
viduals endorsing two to four symptoms could be classified as having ‘disordered 
gambling, moderate’, while those meeting more than four criteria could be classified 
as having ‘disordered gambling, severe’ [38]. Another, which was proposed when 
developing the National Opinion Research Center DSM Screen for Gambling 
Problems (NODS), a commonly used population-based screening tool for gambling 
problems, was to classify those who meet one or two of the previous DSM-IV criteria 
as an ‘at-risk’ gambler, those who meet three or four classified as a ‘problem gam-
bler’ and those who meet five or more as a ‘pathological gambler’ [44]. Other clas-
sification schemes refer to ‘levels’ of gambling, which are based on both gambling 
severity and willingness to seek treatment, ranging from ‘level 0’ representing those 
who have never gambled, up to ‘level 4’ representing those who both meet diagnostic 
criteria for a gambling disorder and show willingness to enter treatment [45].

These and similar suggestions of incorporating previously undiagnosed less 
severe categorisations of gamblers were rejected by the DSM-5 workgroup as it 
would result in a large increase in the rates at which gambling disorder was diag-
nosed [37]. However, whatever terms are eventually settled on ([46], documented 
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14 different classification schemes), it appears clear that there is a large group of 
individuals who do not meet full diagnostic criteria for gambling disorder, and yet 
have come to the attention of researchers and clinicians. Work with individuals in 
this subclinical group has shown that of the current diagnostic criteria, they are 
more likely to endorse the more ‘cognitive’-type symptoms (i.e. lying, gambling to 
escape problems, preoccupation with gambling) than they are to endorse other 
symptom clusters (with the exception of the ‘chasing losses’ criteria, which almost 
all treatment-seeking gamblers meet [47]).

Despite the decision not to include a subclinical diagnosis in the current edition 
of the DSM, there is evidence that those who fall into this category may benefit from 
clinical attention. It has been demonstrated that adults who report symptoms of 
disordered gambling but do not meet full DSM criteria for gambling disorder (or its 
previous incarnation, pathological gambling) show increased rates of other Axis I 
psychiatric disorders [48], higher rates of alcohol and substance use problems [49] 
and higher rates of suicidal thoughts [50] than the general population. Gambling 
disorder symptoms are also associated with problem behaviour in adolescents [51]. 
Furthermore, rather than progressing in a linear fashion as had been previously 
assumed, longitudinal research has shown that individuals’ gambling frequently 
moves between severity levels [52]. Taken together, these findings should serve as a 
reminder to anyone working in the gambling field to not narrow their focus solely 
on those who meet current diagnostic criteria for a gambling disorder.

2.6  A Harm-Based Classification: The Concept of ‘Problem 
Gambling’

Given evidence that there are many individuals experiencing gambling-related harms 
who do not meet strict criteria for gambling disorder, it is unsurprising that in many 
places around the world, a different conceptualisation of difficulties related to gam-
bling is used. Rather than focussing on behavioural symptoms, as is done with both 
gambling disorder and its predecessor pathological gambling, the notion of ‘problem 
gambling’ instead focusses on harm in an individual’s life as a result of the gambling. 
The term problem gambling is generally held to refer to any pattern of gambling that 
is resulting in disruptions to an individual’s social, occupational or psychological 
functioning [46]. While the precise definition of the term problem gambling can differ 
between jurisdictions, a commonly cited definition for problem gambling is that put 
forward by Ferris and Wynne [53], which defines it as ‘gambling behaviour that cre-
ates negative consequences for the gambler, others in his or her social network, or for 
the community’ (p. 58). With such a definition of problem gambling, the aforemen-
tioned difficulties with a symptom-based approach often excluding some individuals 
who are experiencing gambling-related harms are avoided, as the harm itself becomes 
the hallmark of the problem. Similar definitions have been used in public health con-
texts in the United Kingdom, Canada and Australia (see [46] for a brief review). An 
advantage of the problem gambling approach in public health contexts is that it is 
useful in identifying individuals with lower levels of gambling-related harms and 
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encouraging them to seek treatment before they may meet full diagnosis for a gam-
bling disorder or pathological gambling [54].

However, there are also disadvantages of such an approach as well, given its focus 
on subjective judgements of ‘harm’. Walker [55] gave the example of an individual 
who has with a spouse with strict religious or moral objections to gambling who buys 
a weekly lottery ticket. While most people would not consider this a behaviour wor-
thy of clinical attention, it is conceivable that such an individual would be experienc-
ing subjective harm as a result of their gambling, if it resulted in arguments with their 
spouse. Blaszczynski and Nower [54] further note that defining gambling based 
solely on subjective measures of harm runs the risk of categorising together those 
with minor levels of gambling-related harm with those with serious difficulties in 
controlling and regulating their impulses, potentially resulting in a large, heteroge-
neous group. To overcome such disadvantages, a compromise definition was put for-
ward by Blaszczynski et al. [56], where problem gambling was defined as ‘a chronic 
failure to resist gambling impulses that result in disruption or damage to several areas 
of a person’s social, vocational, familial or financial functioning’. Such a definition 
includes both the sense of subjective harm, as well as the notion that the individual 
has a diminished or impaired ability or willingness to resist their impulses to gamble. 
However, the most important message of this discussion is that researchers, clini-
cians and policy-makers working in the area need to be aware of the advantages and 
disadvantages of whatever approach they take to defining gambling-related difficul-
ties and to select that which best suits their purposes.

2.7  Gambling-Related Harm

The centrality of harm to the concept of problem gambling raises obvious questions: 
How do we define gambling-related harm? And what harms are commonly observed 
clinically in gamblers? Langham et al. [57] have recently proposed a conceptual 
framework to assist in answering both of these questions. Based on both a literature 
review and focus group research with clinical samples of gamblers, a proposed defi-
nition of gambling-related harm was given as ‘any initial or exacerbated adverse 
consequence due to an engagement with gambling that leads to a decrement to the 
health or wellbeing of an individual, family unit, community or population’ [57]. 
Langham et al. [57] then went on to identify seven domains across which gamblers 
may experience harm: financial, relational, emotional/psychological, health, cul-
tural, work/study and criminal activity. For each of these domains, there is clear 
evidence of the potential for gambling to cause harms.

Financial harms are one of the easily identified harms as a result of problem 
gambling, as they are often directly related to gambling losses. They may also con-
tribute to the harms seen in other domains, as financial losses have the potential to 
result in marital discord, psychological distress, neglect of healthcare, disruptions at 
work and criminal activity in an attempt to repay debts. For example, gamblers who 
have declared bankruptcy were significantly more likely to also be experiencing 
marital, legal, psychological and work-related disruptions [58]. Financial harms 
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should always be investigated by clinicians working with gamblers, given that they 
are one of the key motivators for gamblers seeking treatment [59] and are one of the 
key variables associated with gambling-related suicide [60].

The second identified area of harms caused by gambling identified by Langham 
et al. [57] were relational harms, which include disruptions in the relationships that 
gamblers have with their spouse, children or other family members or friends. These 
harms can be a direct result of the gambler neglecting the relationship due to time 
spent gambling or due to lack of trust as a result of the gambler lying about their 
behaviour. Several studies have found that gambling is a potential risk factor for 
marital discord and divorce [61, 62], domestic violence [63] and child maltreatment 
[64]. The recognition of such harms has led to the suggestion of providing counsel-
ling and treatment directed towards the family members of problem gamblers [65] 
or for treating problem gambling in the context of family issues [66].

Emotional and psychological distress was the next domain of harm identified by 
Langham et al. [57]. Emotional distress can result from feelings of hopelessness 
stemming from poorly controlled behaviour, a lack of security as a result of finan-
cial or relational disruptions or shame and stigma associated with gambling. 
Gambling has been correlated with psychiatric diagnoses generally [48] and with 
depression and other mood disorders specifically [67, 68]. The existence of stigma 
and shame around problem gambling should also be noted by clinicians working 
with problem gamblers, as it may constitute a key barrier to individuals seeking 
treatment for gambling-related problems [59, 69].

Decrements to health were the fourth domain identified by Langham et al. [57] 
as an area of potential gambling-related harm. Health problems may result from 
gamblers neglecting their health due to the time and money they spend gambling, 
from the stress they experience as a result of their gambling, from living a sedentary 
lifestyle as a result of time spent gambling or through having no financial resources 
to engage in more health-positive behaviours. Problem gambling has been associ-
ated with poorer physical health and greater numbers of reported physical health 
problems [70–72]. A large epidemiological survey has specifically found that patho-
logical gambling was specifically associated with higher rates of tachycardia, 
angina, cirrhosis and other liver diseases, even after controlling for demographic 
and behavioural risk factors [73]. These findings highlight the toll that gambling 
may take on physical as well as emotional health.

The fifth domain identified by Langham et al. [57] was cultural harms, which 
related to the proposal that gambling caused disconnections between gamblers and 
their cultural beliefs, roles and practices. This process may include distress as a 
result of going against cultural norms or isolation from a cultural community as a 
result of gambling. While such harms are more difficult to measure due to their 
more diffuse conceptualisation, problem gambling has been associated with feel-
ings of loneliness and social isolation [74], and clinicians working with problem 
gambling should be cognizant of how cultural factors may be impacting on a gam-
bler’s psychosocial functioning (for a review on this topic, see [75]).

Reduced performance at work or study was also identified by Langham et al. 
[57] as an area for potential harm caused by gambling. These harms may result from 

2 Gambling Disorder as a Clinical Phenomenon



24

being distracted at school, university or work as a result of gambling activities, 
increased absenteeism as a result of not being able to pay for transportation or not 
being able to pay for work or study tools. Problem gambling has been associated 
with poorer grades in adolescents [51] and in college students [76]. Problem gam-
bling is also associated with poor work productivity in adults [77], as are financial 
losses resulting from gambling [78]. The potential for gambling to lead to problems 
at work should be of particular attention to clinicians working with problem gam-
blers, due to the importance of problem gamblers needing to maintain regular work 
in order to address some of their gambling-related debts.

The final domain identified by Langham et al. [57] was criminal acts. As noted 
in the previous discussion on the changes in the DSM criteria for pathological gam-
bling/gambling disorder, criminal acts are often a sign of more severe gambling 
pathology, as they represent a desperate attempt to pay back gambling-related 
losses, with 40% of those engaged in treatment for gambling-related problems 
reporting engaging in illegal activates [39].

While the above classification of gambling harms has focussed on harms experi-
enced by gamblers and those in close familiar or work relationships with them, 
Langham et al. [57] identified the potential for more community-wide harms result-
ing from problem gambling, in forms such as increased levels of debt and bankrupt-
cies, reliance on government support, decreased community-wide economic 
productivity or increases in crime rates. They also suggested that harms related to 
gambling have the potential to cross generations, as children and/or grandchildren 
of problem gamblers may potentially be impacted in lasting ways (e.g. children of 
problem gamblers experiencing ongoing psychological disturbances as a result of 
neglect or homelessness that follows from a parent’s gambling). These wider harms, 
while necessarily more difficult to quantify and measure, require further attention 
from future research.

2.8  Conclusions

Although both gambling and efforts to control it have long histories, it has only been 
a focus of clinical attention since the twentieth century. At present, there are several 
competing accounts that have been put forward to explain gambling behaviour. 
Given that there is no universally accepted theoretical account of gambling, it is 
unsurprising that there is still considerable debate over the most appropriate way to 
define excess gambling and its associated symptoms. Both the behavioural 
symptom- based DSM-5 diagnosis of ‘gambling disorder’ and the harm-focussed 
concept of ‘problem gambling’ have their advantages and disadvantages, and 
researchers, clinicians and policy-makers working in the field should be aware of 
these differences when selecting which conceptualisation is most appropriate to use 
in their work. What does not appear to be in debate is the recognition that a propor-
tion of individuals gamble to excess, exhibit features of impaired control and suffer 
psychological distress, supporting the notion that gambling to excess in this sub-
population represents a clinical condition.
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3The Epidemiology of Gambling Disorder

Donald W. Black and Martha Shaw

This chapter reviews the epidemiology of gambling disorder (GD) including age at 
onset, prevalence, gender distribution, course and outcome, patterns of comorbidity, 
and subtypes.

3.1  Prevalence and Gender Distribution

Gambling is a recreational behavior found worldwide and is normative behavior in 
North American culture. A 1999 survey showed that 86% of the general population 
reported participating in some form of gambling [1], but other surveys show partici-
pation rates exceeding 90%, especially for gambling involving instant lotteries, slot 
machines, office pools, and card games [2, 3]. While most persons gamble respon-
sibly, a small percentage develop problematic gambling behavior, which includes 
problem gambling (“at-risk”) and its more severe variant, pathological gambling, 
renamed “gambling disorder” (GD) in the Diagnostic and Statistical Manual of 
Mental Disorders, Fifth Edition (DSM-5 [4]).

3.1.1  Prevalence

Approximately 4–7% of the adult US general population develops problematic 
gambling behavior [5]. Lifetime prevalence estimates of GD range from 0.42% to 
4.0% in the USA [6–8]. Estimates of problem gambling are greater with lifetime 
prevalence estimates ranging from 3.5% to 5.1% [9]. The wide range in prevalence 
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reported in the literature could be due to differences in survey methods, population 
sampled, or measures used to assess problem gambling and GD.

Two large epidemiologic surveys have been conducted in the USA that report 
prevalence rates for problem gambling and GD. In a probability subsample of 3435 
respondents participating in the National Comorbidity Survey Replication, Kessler 
et  al. [6] reported problem gambling in 2.3% and GD in 0.6%. In the National 
Epidemiologic Survey on Alcohol and Related Conditions (NESARC), a probabil-
ity survey involving over 43,000 adult Americans, problem gambling was reported 
in 0.60% and GD in 0.42% [7, 10].

Problem gambling and GD have been reported wherever gambling is available. 
For example, a survey in Sweden reported a rate of 3.9% for problem gambling and 
0.6% for GD [11]. A Hong Kong survey [12] reported that 4.0% and 1.8% of the 
respondents could be classified as lifetime problem or pathological gamblers, 
respectively. Based on results from the National Epidemiologic Survey of Psychiatric 
Disorders in South Korea, Park et al. [13] reported rates of 3.0% and 0.8%, respec-
tively, for lifetime problem gambling and GD.  In New Zealand, rates of lifetime 
problem and pathological gambling have been reported at 1.9% and 1.0% [14], 
respectively. In addition to different methods and assessments, these widely varying 
rates could reflect cultural differences in gambling acceptance and behavior.

The frequency of GD may be even higher among adolescents with a range up to 
8% and college students with rates up to 14%. Among persons 18–21 years of age, 
the prevalence ranges as high as 14.4% [15, 16]. Rates may be lower in those over 
60 years [8].

3.1.2  Gender Differences

The prevalence of GD is considerably higher in men than in women. Surveys and 
clinical data suggest that rates in men are nearly two to three times than for women 
[3]. For example, in the National Comorbidity Survey Replication, Kessler et al. [6] 
reported that the odds of GD were significantly higher in men than in women 
(OR = 4.5). In the NESARC study [17], 72% of people with GD were men and 28% 
were women. In a sample of psychiatric outpatients reported by Zimmerman et al. 
[18], 67.5% of persons with GD were men and 33.5% were women. The disorder 
has a later age at onset in women in whom the disorder progresses more rapidly, as 
is detailed below. This phenomenon (“telescoping”) has been found in women with 
alcohol use and cannabis use disorders [19].

3.2  Age at Onset

GD has an age at onset ranging from the mid-20s to the late 30s but can occur for 
the first time even during senescence. In clinical studies, the age at onset range has 
been relatively narrow. For example, Black et al. [20] reported a mean age of onset 
of 36.4  years in 31 subjects enrolled in a pilot family study, 38.3  years for 19 
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persons enrolled in an escitalopram trial [21], and 35.8 years for 39 subjects in a 
bupropion trial [22]. Grant and Kim [23] reported a mean age at onset among 131 
treatment-seeking people with GD of 36.8 years, while Grant et al. [24] found that 
207 GD subjects assigned to one of four treatment cells in a medication trial had a 
mean age at onset ranging from 34.2 years to 36.9 years.

Epidemiological surveys have tended to report an earlier onset. In a general pop-
ulation study in Edmonton, Bland et al. [25] reported a mean age at onset of 25 years 
for people with “heavy betting.” Blanco et  al. [17], in reporting data from the 
NESARC, calculated an earlier mean age at onset for men (29.6 years) than women 
(34.9 years). Kessler et al. [6] reported data from the National Comorbidity Survey 
Replication indicating that GD has a bimodal distribution with a peak in the late 
teens/early 20s with a smaller secondary peak in the late 30s/early 40s. In a study of 
287 individuals with GD, Black et al. [26] reported that age at onset ranged from 8 
to 87 years with a mean of 34.3 years. Fifty percent of the sample had an onset by 
age 30, 70% by age 40, and 84% by age 50. Mean age at onset was earlier in men 
(28.6 years) than women (41.8 years). For women, age at onset was bimodal, with 
peaks appearing at the 20–24 year age range and the 40–44 year age range. For men, 
age at onset peaked for the 15–24 year age range and had a smaller spike in the 
35–39 year age range. Age at onset is shown in Fig. 3.1.
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Fig. 3.1 Age at onset in male and female subjects with GD. Source: Black DW, Coryell WH, 
Crowe RR, et al. (2015) Age at onset of DSM-IV pathological gambling in a nontreatment sample: 
early- versus later-onset. Compr Psychiatry 60: 40–46
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3.3  Course and Outcome

The DSM-5 [4] states that GD is chronic and deteriorating. This view was first 
articulated by Custer [27], who described GD as a progressive, multistage illness 
that began with a winning phase, followed by a losing phase, and, finally, a despera-
tion phase. The initial or “winning” phase conferred feelings of status, power, and 
omnipotence. Fantasies of winning and thoughts of great successes were proposed 
to be common in this phase. A string of bad luck or an unexpected loss was pro-
posed to then lead to the second or “losing” phase. This phase centers on the behav-
ior known as “chasing,” in which the gambler desperately attempts to recover lost 
money. Wagering is more frequent and often in larger amounts. The uncontrollable 
spiraling of losing and chasing of losses was proposed to lead the gambler to the 
third or “desperation” phase. Here, the gambler may engage in illegal activities such 
as fraud, embezzlement, writing bad checks, or stealing to support his gambling 
problem. Illegal behaviors are rationalized, often with the intent to pay back what is 
taken after the “big win” that is thought by the gambler to be in their imminent and 
eminent future. Fantasies of escape and thoughts of suicide are reported to be com-
mon during this phase [28]. Custer’s phases of PG gained wide acceptance despite 
the absence of confirmatory data.

More recent data has challenged the notion of GD as intractable. Instead, GD 
appears to have a natural ebb and flow with many individuals moving toward 
reduced gambling involvement or experiencing spontaneous remission. LaPlante 
et al. [29] showed that most individuals with GD and at-risk gamblers move toward 
a lower (or less intensive) level of gambling behavior over time, while those who 
gamble recreationally, or do not gamble, are unlikely to move to more severe level 
of gambling activity (or to take up gambling). They reviewed five studies [30–34] 
that met their criteria of reporting longitudinal data pertaining to gambling that did 
not involve a treatment sample. These studies used various assessment points 
(between 2 and 4), widely varying populations (US general population, casino 
employees, college freshmen, adult gamblers, and scratch-card buyers), and used 
different measures of gambling severity (South Oaks Gambling Screen, Diagnostic 
Interview Schedule). LaPlante et al. [29] reported that level 3 gamblers (i.e., persons 
with GD) improved, with most moving toward a lower level. Results were similar 
for level 2 (i.e., “at-risk”) gamblers. Those who were level 0–1 (no gambling and 
recreational gambling, respectively) at baseline were unlikely to progress to a higher 
(i.e., more severe) level of gambling behavior.

Other follow-up data are pertinent. Russo et al. [35] reported that 1-year remis-
sion rates following a treatment program for veterans were associated with less 
depression. Taber et al. [36] conducted a 6-month follow-up on 57 of 66 patients 
(86%) who completed a comprehensive treatment program; 56% reported total 
abstinence and had improved on measures of alcohol abuse, suicidal behavior, and 
overall distress. In a cross-sectional study, Westermeyer et al. [37] compared groups 
of remitted and non-remitted Hispanic and Native Americans with GD and con-
cluded that gamblers with an Axis I disorder were less likely to remit. Goudriaan 
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et al. [38] compared a group of persons with GD who had relapsed and a group that 
had not and found that those who relapsed performed worse on indicators of disin-
hibition (stop signal reaction time) and decision-making (card playing task), sug-
gesting that neurocognitive measures may be important tools in predicting 
progression and relapse.

Hodgins and Peden [39] reinterviewed individuals with “active” GD in Canada 
after a mean of 40 months. They began with a cohort of 63 subjects; 55 (87%) agreed 
to an interview, and 40 (63%) were eventually interviewed. Nearly one-third had 
sought treatment for GD; half had experienced a depressive episode and one- fourth 
alcohol or drug abuse in the interim. They found that, while most had made an effort 
to quit or reduce their gambling, over 80% were still gambling problematically, and 
34% had a current mood disorder. Hodgins and Peden acknowledged their poor fol-
low-up rate and recommended more frequent contacts to improve participation and 
minimize “memory problems.” Oei and Gordon [40] assessed 75 Australian Gamblers 
Anonymous (GA) attendees in an attempt to assess psychosocial predictors of absti-
nence and relapse. They measured social support, gambling cognitions and behavior, 
religious belief, and involvement in GA.  Those achieving abstinence were more 
involved in GA (“attendance and participation”) and reported better social support.

Slutske [41] found that over one-third of persons reporting lifetime GD in the 
Gambling Impact and Behavior [1] and NESARC studies [7] did not experience 
gambling-related problems in the past year, and only 7–12% had received treatment 
or attended Gamblers Anonymous. The absence of past-year symptoms in one-third 
of the individuals was characterized as “natural recovery,” leading her to conclude 
that GD is not always chronic. Sartor et al. [42] evaluated gambling characteristics 
retrospectively in 1343 men from the Vietnam Era Twin Registry; 268 developed 
symptoms suggestive of GD, and 35 met criteria for GD. Those with GD first met 
criteria at age 21 and first sought treatment at age 29. They experienced five or more 
gambling “phases” defined as a “consistent pattern of gambling behavior.” Seventeen 
percent of these persons also reported periods of abstinence, and 43% reported five 
or more symptom-free gambling phases.

Black et al. [43] systematically rated the gambling behaviors of three groups of 
individuals every 6 months for a mean of 2.6 years: 53 individuals with GD 60 years 
or older, 72 individuals with GD under 40 years, and 50 controls 60 years or older. 
Week-by-week gambling activity levels showed a significant downward trend for 
older and younger individuals with GD. Elder controls had no change in their level 
of gambling activity.

In summary, data suggest that GD has a natural ebb and flow and tends to improve 
or, in some cases, remit. The oscillation of gambling behavior in the relative absence 
of formal treatment suggests that individual and societal factors come into play. The 
data also suggest that those with comorbid disorders and lack of social support do 
worse. Gamblers Anonymous attendance may help encourage improvement and 
maintain gains. The data also suggest that it may be unrealistic to focus treatment 
efforts on abstinence and that efforts may be more successful if they focus on risk 
reduction.
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3.3.1  Suicidal Ideations and Behaviors

People with GD tend to consider suicide and attempt suicide at rates much higher 
than in the general population with completed suicide perhaps the most worrisome 
outcome [44, 45]. Much evidence supporting a link to suicide comes from clinical 
samples. In a sample of 114 consecutive admissions to a Veterans Administration 
gambling treatment program, Kausch [46] concluded that nearly 40% of subjects 
had past suicide attempts, with two-thirds prompted by gambling-related problems. 
Petry and Kiluk [45] reported that 49% of 342 persons seeking treatment for disor-
dered gambling had lifetime suicidal ideations and 17% reported making a suicide 
attempt. Those with suicidal ideations or a history of attempts also appeared to have 
more severe symptoms of GD than those without. Ledgerwood and Petry [47] found 
that of 125 persons, 48% had a history of gambling-related suicidal ideation, while 
12% reported a past gambling-related suicide attempt. In another treatment-seeking 
sample, Battersby et  al. [48] reported even higher rates of suicide ideations and 
attempts among 43 treatment-seeking people with GD (81% and 30%, 
respectively).

Data from a recent study show that suicidal ideations and suicide attempts occur 
at rates substantially greater than among controls [49]. Ninety-five GD subjects, 91 
controls, and 1075 relatives were assessed as part of this family study. There were 
significant differences in the prevalence of lifetime suicidal ideations (27% vs. 9%) 
and lifetime suicide attempts (36% vs. 4%) between GD subjects and controls. 
Thirty-five (37%) GD subjects had no history of suicide ideation or attempts, 26 
(27%) had a history of only suicide ideations, and 34 (36%) had a history of past 
suicide attempts. Half of those who attempted suicide made a single attempt, while 
the other half made more than one attempt. Suicide attempt(s) preceded the onset of 
GD in 13 subjects (38.2%); in 14 subjects (41.2%), the suicide attempt(s) occurred 
during the course of GD. In seven subjects (20.6%), the suicide attempts occurred 
both prior to PG onset and during its course. The study also found that suicide 
attempts were more frequent among GD offspring compared to control offspring 
(8.7% versus 0.8%).

3.4  Race and Ethnicity

Rates of disordered gambling may vary among racial and ethnic groups. Studies 
have found this effect in the USA, Canada, New Zealand, Australia, and Sweden 
[50]. In the USA, Native Americans, Asians, African-Americans, and Hispanics 
have shown a greater prevalence of disordered gambling than whites. In the 
NESARC study [50], prevalence rates of disordered gambling (problem gambling 
and GD combined) were higher among African-Americans (2.2%) and Native/
Asian Americans (2.3%) than among whites (1.2%). In a 1998 survey, 4.2% of 
African-Americans were classified as Level 2–3 gamblers, compared with 1.7% of 
other respondents [1].
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3.5  Psychiatric Comorbidity

Psychiatric comorbidity is the rule and not the exception for persons with GD. In 
community surveys and clinic-based reports, mood/anxiety disorders, substance use 
disorders (SUDs), attention deficit/hyperactivity disorder (ADHD), impulse control 
disorders (ICDs), and personality disorders are frequently comorbid with GD [51, 
52]. Findings from research studies are reported in Tables 3.1 and 3.2.

3.5.1  Substance Use Disorders

Lifetime alcohol or drug dependence is the best documented group of comorbid disor-
ders in persons with GD. Two large studies have addressed this issue, showing a strong 
association between GD and substance use disorders. Welte et al. [8] found that 28% of 
persons with GD had current alcohol dependence compared to a rate of 1% for people 
without GD. The National Opinion Research Center study [1] found that among per-
sons with GD, the rate of alcohol or drug abuse was nearly seven times higher than that 
among non-gamblers or recreational gamblers. Other surveys have shown that rates of 
alcohol abuse and dependence being four or more times higher among persons identi-
fied as having a gambling disorder compared to those without GD [25, 58, 72]. In a 
nationally representative sample, almost three quarters (73.2%) of individuals with GD 
had an alcohol use disorder [7]. As many as 30–50% of persons with GD seeking treat-
ment have lifetime histories of alcohol or other substance abuse [73]. Rosenthal [74] 
observed that the use of alcohol or illicit drugs while a person gambles can lead to 
deterioration in cognitive abilities and judgment which, Rosenthal believes, may cause 
GD to progress more rapidly. While in some cases GD may predate the onset of sub-
stance misuse, psychopathology typically precedes the onset of GD [6].

The National Opinion Research Center study [1] found that 8.1% of persons with 
GD and 16.8% of persons with problem gambling reported illicit drug use in the past 
year, compared to 4.2% of recreational gamblers and 2% of non-gamblers. Bland 
et al. [25] similarly found that the prevalence of illegal drug abuse and dependence 
for individuals with GD were about four times higher than for people who do not 
gamble. In the study of Cunningham-Williams et al. [58], 15.5% of individuals with 
GD evidenced illegal drug use disorders, compared to 7.8% of recreational gamblers 
and 3.5% of non-gamblers. The lifetime prevalence rate for any drug use disorder in 
the national survey reported by Petry et al. [7] was 38.1% among GD respondents. 
Conversely, from 9% to 16% of substance abusers are likely to have GD [73, 75].

The frequency of addictions is also high in treatment-seeking individuals with 
GD. Zimmerman et al. [18] found that 67.5% of treatment-seeking individuals with 
GD had a substance use disorder as compared with 40.1% of psychiatric outpatients 
without GD.  Among research subjects, Black et  al. [62] reported that 68% of 
treatment- seeking individuals with GD had a lifetime substance use disorder com-
pared with 27% of controls. A number of differences emerge from looking at treat-
ment-seeking individuals with GD with and without a history of substance misuse. 
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Those with a history of a substance use disorder suffer greater psychiatric distress, 
experience more frequent gambling, have more years of disordered gambling, and 
are more likely to receive mental health treatment [76].

Cunningham-Williams et al. [58] reported, based on data from the Epidemiological 
Catchment Area survey, that problem gambling occurred within 2 years of the onset 
of alcoholism in 65% of gambling cases. Individuals with GD may use alcohol or 
other drugs when they stop gambling; similarly, gambling may serve as a substitute 
for alcohol and other drugs to prolong feelings of exhilaration from gambling or 
ameliorate the dysphoria that develops during gambling abstinence [64].

3.5.2  Mood Disorders

Multiple general population surveys have investigated the association of psychiatric 
comorbidities and disordered gambling, including major depression, dysthymia, bipo-
lar disorder, and suicidality. Bland et al. [25] found elevated rates of mood disorders in 
individuals with GD (33.3%) compared to non-gamblers (14.2%). Rates of major 
depression were also higher for individuals with gambling problems in the sample 
reported by Cunningham-Williams et  al. [58]. Interestingly, these investigators also 
found that recreational gamblers appear at greater risk for major depression and dys-
thymia than those who have never gambled. Neither of these two surveys found a sig-
nificant association between GD and mania. In the NESARC survey, 49.6% of persons 
with GD had a mood disorder [7]. Furthermore, these investigators showed that mania 
was the mood disorder most strongly related to GD with an odds ratio (OR) of 8. Odds 
ratios for major depression and dysthymia were each 3.3 and for hypomania 1.8.

Clinical studies also show a relationship between mood disorders and GD. In an 
early study, 76% of an inpatient sample admitted for treatment of GD met criteria 
for a current major depressive disorder [53]. In a sample of 25 problem gamblers 
recruited from a Gamblers Anonymous chapter, Linden et al. [54] found that 72% 
of subjects had experienced at least one episode of major depression. Bipolar disor-
der has also been reported at high rates in persons with GD.  Linden et  al. [54] 
reported a lifetime prevalence of 24% in persons with GD, while McCormick et al. 
[53] found current hypomania in 38% of an inpatient sample. Mood disorders are 
also relatively common in the treatment-seeking segment of the GD population. 
Stinchfield and Winters [77], for example, found that 12% of their 592 GD treatment- 
seekers also had a current mood disorder. Black et al. [62] systematically assessed 
GD subjects for a family study and found that 72% had a lifetime history of a mood 
disorder compared with 30% of controls. The most common mood disorders were 
major depression (61%) and bipolar disorder (9%).

3.5.3  Anxiety Disorders

Persons with GD also report high rates of lifetime anxiety disorders, such as panic 
disorder, phobias, obsessive-compulsive disorder, generalized anxiety disorder, and 
posttraumatic stress disorder. General population surveys show a strong association 
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between GD and anxiety disorders. Kessler et  al. [6] found that 60.3% of their 
sample had any anxiety disorder, with 52.2% having phobias, 21.9% panic disorder, 
16.6% generalized anxiety disorder (GAD), and 14.8% posttraumatic stress disor-
der. Furthermore, these authors found that GD is temporally predicted by panic 
disorder, GAD, and phobia. Petry et al. [7] reported that panic disorder with and 
without agoraphobia was most strongly related to GD; the odds of having phobias 
or GAD were significant but less so. Cunningham-Williams et al. [58] also found 
the highest percentage of subjects experiencing panic disorder (23.3%), followed by 
phobias (14.6%), GAD (7.7%), and obsessive-compulsive disorder (OCD, 7.7%). 
Likewise, Bland et al. [25] found that persons diagnosed with GD had high rates of 
anxiety disorders. These authors reported lifetime rates of 26.7% for GAD, 17.7% 
for phobias, 3.3% for panic disorder, and 16.7% for OCD.

Ibanez et al. [78], in their sample of 43 treatment-seeking outpatients, found a 
lifetime GAD rate of 7.2%, much lower than the 40% reported by Black and Moyer 
[57] and Specker et al. [56] at 37.5%. Black and Moyer [57] also found rates of 
panic disorder and OCD at 10% each, while Specker et al. [56] reported 20% and 
2.5%, respectively. While samples and rates differ somewhat, there remains little 
doubt that GD and anxiety disorders share a relationship, although the relationship 
with OCD seems less clear.

Some investigators believe that GD falls within the obsessive-compulsive spec-
trum [79, 80]. They point to similarities between GD and OCD, as exemplified by 
persistent thoughts and urges followed by repetitive behaviors. There are major dif-
ferences, however, including the fact that OCD is unwanted, yet GD is generally 
perceived as pleasurable. Comorbidity studies suggest that from 2.5% [56] to 20% 
[54] of persons with GD also have OCD. In two family studies of OCD that also 
looked at GD [81, 82], there were few data to support the existence of a relationship 
between the two disorders.

3.5.4  Attention Deficit/Hyperactivity Disorder

GD has a number of attributes in common with attention deficit/hyperactivity dis-
order (ADHD), and clinical data suggest substantial syndromal overlap. Goldstein 
et al. [83] concluded that the electroencephalographic activation patterns to right 
and left brain tasks seen in eight men with GD resembled those in unmedicated 
children diagnosed with ADHD.  Carlton and Manowitz [84] compared persons 
with GD to alcoholic persons and reported excessive and comparable levels of 
ADHD- related behaviors in childhood than control subjects. Rugle and Melamed 
[85] compared 33 non-substance-abusing persons with GD with 33 nonaddicted 
controls on nine attention measures and childhood behavior questionnaires. They 
reported that persons with GD performed significantly worse than controls on 
higher-order attentional measures and had more childhood behaviors consistent 
with ADHD. They concluded that attentional deficits and the behavior problems 
associated with them are long-standing and may be a risk factor for the develop-
ment of GD.
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Specker et al. [55] reported that 8 of 40 (20%) people with GD met criteria for 
ADHD, and another 7 (17.5%) had symptoms that were considered subthreshold. 
These authors hypothesized that ADHD may predispose individuals to either sub-
stance abuse or GD and that gamblers with attentional deficits might chose gam-
bling activities that do not require sustained attention or concentration. Finally, 
Kessler et al. [6] found in their general population survey that 13.4% of persons 
with GD also had ADHD. Black et al. [86] showed that among 54 individuals with 
GD, ADHD symptoms were significantly more common than in 65 controls. The 
most pronounced differences observed for individual items from the ADHD 
Checklist [87] were “Difficulty sustaining attention” and “Blurts out answers.” In a 
series of medication trials, these investigators also showed that ADHD symptoms 
subside when GD is successfully treated [21, 22].

Impulsivity, an important attribute of ADHD, is also reported to be common 
among persons with GD. Castellani and Rugle [88] evaluated 843 subjects admitted 
to an inpatient addictions unit having a primary diagnosis of GD, alcohol depen-
dence, or cocaine abuse. In contrast to individuals with alcoholism and cocaine 
abuse, those with GD scored significantly higher on measures of impulsivity, such 
as coming to quick decisions, moving quickly from impulse to action, and lack of 
future planning. Similar findings have been reported by DeCaria et al. [89], who 
found higher levels of impulsivity as measured by the Barratt Impulsiveness Scale 
[90] in persons with GD, compared to individuals with cocaine abuse, alcoholism, 
polysubstance abuse, and depression. In the study of Black et al. [86], one-third of 
individuals with GD were highly impulsive (BIS total ≥ 72) compared to 8% of 
controls. The BIS total score among individuals with GD was highly correlated with 
gambling severity.

3.5.5  Impulse Control Disorders

Lifetime rates of impulse control disorders (ICDs) also appear to be higher in per-
sons with GD than seen in the general population. Investigators have reported rates 
ranging from 18% to 43% for one or more ICD [23, 55, 57, 91]. Specker et al. [55] 
examined frequencies of ICDs in a treatment-seeking sample and found increased 
levels of compulsive shopping and sexual behaviors, intermittent explosive disor-
der, and kleptomania. Black and Moyer [57] also found high frequencies of compul-
sive buying (23%), compulsive sexual behavior (17%), and intermittent explosive 
disorder (13%) in their sample. Grant and Kim [91] reported lower frequencies with 
a larger sample, with 9% having compulsive sexual behavior, 8% having compul-
sive shopping, and just 2% reporting intermittent explosive disorder.

Compulsive shopping appears to be the most frequent comorbid ICD in persons 
with GD [23, 55, 91, 92], perhaps because, as Specker et al. suggest, both compul-
sive shopping and GD have shared characteristics of focused attention, monetary 
gratification, and monetary exchange. In their recent family study, Black et al. [92] 
found that the presence of GD increased the odds of having compulsive shopping 
nearly 12-fold.
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3.6  Personality Disorders

Personality disorders are relatively common in persons with GD (Table 3.2), but 
prevalence is highly dependent on the study population and assessment used [93]. 
Studies that use self-report instruments often yield higher rates for personality dis-
orders than studies using structured or semi-structured interviews. For example, the 
prevalence estimates for personality disorders among people with GD assessed with 
self-report instruments ranged from 87% to 93% compared with 25% to 61% for 
those assessed with a structured or semi-structured interview [68].

In a general population survey [7], a robust association was found between GD 
and all the personality disorders studied; the odds of having any personality disorder 
if one also has PG were 8.3 times greater than for the general population. The odds 
ratio of having histrionic personality disorder was 6.9, avoidant personality disorder 
6.5, paranoid personality disorder 6.1, antisocial personality disorder 6.0, depen-
dent personality disorder 5.5, schizoid personality disorder 5.0, and obsessive- 
compulsive personality disorder 4.6.

Antisocial personality disorder (ASPD), characterized by a pervasive pattern of 
poor social conformity, deceitfulness, and lack of remorse, occurs at relatively high 
rates among those with GD, perhaps because the two are associated with criminality 
[94]. In studies using structured assessments, rates of ASPD have ranged from 3% 
to 40% [25, 57, 63, 66]. In a large community-based study examining this relation-
ship, Slutske et al. [95] reported that 15% of their sample of GDs also had ASPD, 
compared with 2% of the comparison sample without GD, leading to an odds ratio 
of 6.4. Pietrzak and Petry [96] compared treatment-seeking individuals with GD 
with and without ASPD. Those with ASPD had more severe gambling, more medi-
cal and drug-related problems, and higher scores on symptom measures of somati-
zation, paranoid ideation, and phobic anxiety. They were also more likely to be 
younger, male, less educated, divorced, or separated and to have had a history of 
substance abuse treatment than their non-ASPD counterparts.

In a recent family study of 93 persons with GD [71], personality disorders were 
found in over 40% of those assessed using a structured instrument. Those with as 
compared to without a personality disorder had more severe gambling symptoms, 
earlier age at GD onset, more suicide attempts, more psychiatric comorbidity, and a 
more robust family history of psychiatric illness. The antisocial, borderline, depen-
dent, and paranoid types were all significantly more frequent in GD subjects than 
controls, as were all personality disorder clusters. The most frequent personality 
disorders were the borderline, antisocial, and obsessive-compulsive types. Cluster B 
disorders had the greatest odds ratio (OR = 17.2).

Bagby et al. [68] used both a self-report and a semi-structured interview in their 
study of 204 individuals with GD.  As expected, personality disorder prevalence 
estimates with the self-report measure were high (92%); they were lower with the 
interview tool (23%). These investigators found that only borderline personality 
disorder had consistently high and significant prevalence rates in their non- 
treatment- seeking samples across both types of measures. Fernandez-Montalvo and 
Echeburua [67] also used a structured clinical interview in their study of 50 
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non- treatment- seeking individuals with GD. These authors reported that borderline 
personality disorder was the most prevalent personality disorder at 16%, followed 
by antisocial, paranoid, narcissistic, and non-specified, which were each observed 
in 8% of cases. Furthermore, they found that the presence of a personality disorder 
was associated with greater gambling severity and more severe symptoms of anxi-
ety, depression, and alcohol abuse.

3.7  GD Subtypes

There is little disagreement that GD is heterogeneous. Attempts to identify subtypes 
of GD have generally not been validated by empirical data. Moran [97] identified 
five subtypes based on work with 50 individuals with GD: (1) subcultural gambling 
(14%), in which a person gambles to fit in with a group of his peers but later exhibits 
difficulty controlling gambling; (2) neurotic gambling (34%), in which gambling is 
motivated in response to a strained situation or an emotional problem, such as mari-
tal conflict, and subsides when it is resolved; (3) impulsive gambling (18%), in 
which gambling is accompanied by poor behavioral control; (4) psychopathic gam-
bling (24%), in which gambling appears as an antisocial behavioral pattern; and (5) 
symptomatic gambling (10%), in which gambling is associated with some other 
mental illness, such as depression, and is considered a secondary phenomenon. 
While Moran’s typology is clinically useful, it has not been empirically validated, 
and the different subtypes are not discrete.

Steel and Blaszczynski [98] used principal component analysis to investigate the 
factorial structure of PG. The investigators identified four primary factors: psycho-
logical distress, sensation-seeking, crime and liveliness, and impulsive-antisocial. 
The psychological distress factor was associated with female gender, suicidal ide-
ation and behavior, and family psychiatric history, the sensation-seeking factor with 
a history of alcohol abuse, the crime and liveliness factor with criminal activity, and 
the impulsive factor (which was described as clinically most useful) with early 
onset of gambling, poor job history, separation or divorce due to gambling, and 
highly impulsive gambling related illegal acts. The investigators concluded that 
gamblers exhibiting features of impulsivity and ASPD are at greatest risk for devel-
oping adverse personal and emotional consequences.

A widely discussed distinction is between “escape-seekers” and “sensation- 
seekers” [99]. The former group tends to include older persons who gamble out of 
loneliness/boredom, from depression, or to fill time, and who choose passive forms 
of gambling (e.g., slots). The former group includes persons—often women—who 
are reported to gamble to relieve feelings of emotional tension, anxiety, or depres-
sion. For such people, gambling may act as an analgesic by providing an escape 
from unpleasant situations. The latter group includes persons who seek stimulation 
and arousal to alleviate boredom or hyperarousal. For some, gambling provides an 
intense thrill or feeling of excitement [27].

Blaszczynski and Nower [100] provide a conceptual framework that integrates 
biological, developmental, cognitive, and other determinants of disordered 
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gambling. They identified three distinct subgroups of individuals with GD: (a) 
behaviorally conditioned gamblers, (b) emotionally vulnerable gamblers, and (c) 
antisocial, impulsive gamblers. The behaviorally conditioned gamblers have no spe-
cific predisposing psychopathology and develop PG as a result of distorted cogni-
tions and poor judgments regarding gambling. Depression, alcohol abuse, and 
anxiety may result from gambling, but are not causal. The emotionally vulnerable 
gamblers suffer premorbid depression or anxiety and have a history of poor coping, 
frequent life events, and adverse developmental experiences (e.g., childhood abuse 
or neglect). For these individuals, gambling serves to modulate affective states or 
meet other psychological needs. Finally, the antisocial, impulsive gambler is highly 
disturbed with features of ASPD and impulsivity, suggestive of neurological or neu-
rochemical dysfunction. For these persons, gambling begins early in life and esca-
lates rapidly. The subtyping scheme has received some experimental support [101, 
102].
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4Cognitive Distortions in Disordered 
Gambling

Adam S. Goodie, Erica E. Fortune, and Jessica J. Shotwell

Cognitive distortions are a central feature in the development and maintenance of 
gambling disorder (GD), despite the fact that they are not a diagnostic criterion 
[1–5], including longitudinal demonstration that cognitive distortions predict gam-
bling problems rather than the reverse [6]. In this chapter we review the generally 
positive literature of clinical interventions targeted at correcting cognitive distor-
tions and then critically review the current state of the literature for measuring cog-
nitive distortions.

A primary inspiration for studying cognitive distortions in GD is the heuristics 
and biases program of cognitive psychology (e.g., [7, 8]). A vast literature supports 
the conclusion that the errors discovered in this program are broad-based in the 
population, including not only problem gamblers but non-problem gamblers and 
non-gamblers as well. However, the distortions are posited to occur with greater 
severity or in situations of greater importance among those with GD. Blaszczynski 
and Nower [9] included cognitive distortions as part of the “learning” pathway to 
GD, and many studies reveal that irrational cognitions play a central role in the 
maintenance of disordered gambling [10]. This impact has been shown to be distinct 
from other disorders, even those that have been identified as markedly similar to GD 
such as video gaming [11].
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There are several existing instruments for measuring gambling-related distor-
tions, but the field lacks consensus on not only which instrument is the best but 
what the specific purposes of such an instrument should be. For example, there is 
not a single error or process that defines “cognitive distortions.” Rather, the term 
refers in different contexts to many different errors, including some (mainly the 
illusion of control and gambler’s fallacy) that enjoy widespread acceptance as 
relevant distortions and a larger number of errors that are targeted in only some of 
the instruments. Interestingly, whereas gambler’s fallacy enjoys a seemingly uni-
versal definition, the illusion of control has been the subject of several definitions, 
often overlapping but seldom accompanied by attempts at full reconciliation (see 
box below).

In this chapter, we first review the clinical literature on the success of various 
means of addressing cognitive distortions as a component of treating GD. We then 
briefly describe some issues that can limit the utility of measurement instruments 
and review the current literature on the cognitive distortions themselves, evaluating 
several instruments that are currently used for their measurement and recommend-
ing future steps.

• Beliefs about skills and strategies used to control game outcomes [13, 14].
• A skill orientation toward gambling [15].
• Rituals and behaviors used to increase chances of winning [16].
• A bidimensional construct with distortions related to primary control (i.e., 

strategies aimed at physically changing the environment) and secondary 
control (i.e., attempts to align with higher power [1], which was validated 
with confirmatory factor analysis).

The illusion of control is cited regularly as a cognitive distortion among 
gamblers, but there is widespread inconsistency within the literature on its 
exact definition. First coined by Ellen J. Langer [12], the illusion of control 
was defined as an expectancy of personal success that is higher than the actual 
objective probability of occurrence. Applied to gambling the illusion of con-
trol sometimes refers to:

Given the many different conceptualizations of the illusion of control, it 
seems likely that it is multidimensional in nature. Further attempts to examine 
the illusion of control’s structure would be advantageous for clarifying what 
this distortion actually is.

A. S. Goodie et al.
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4.1  Addressing Cognitive Distortions in Therapy 
for Gambling Disorder

Gambling-related cognitive distortions are such an integral feature of GD that their 
presence, and specifically their change from pre- to posttreatment, has at times been 
used as an inherent measure of treatment success (e.g., [17, 18]). Likewise, their 
continued presence has also been posited as being a predictor of treatment failure 
[19, 20] as well as a predictor of gambling relapse in Gamblers Anonymous mem-
bers [16, 21]. Further, a naturalistic investigation of the differential characteristics 
between recovered and non-recovered gamblers’ posttreatment provides evidence 
for three primary factors that separate these two groups: decision-making style, 
negative affectivity, and cognitive distortions, such that those disordered gamblers 
who recovered made vast improvements on the Gambler’s Beliefs Questionnaire 
(GBQ [15]), while those who did not recover showed little to no improvement in 
GBQ [20]. This body of evidence, with seemingly strong ecological validity, natu-
rally draws question to the usefulness of targeting cognitive distortions as a compo-
nent of the treatment process for disordered gambling. In fact, some reviews of 
gambling treatment have indicated that correction of cognitive distortions could be 
a key to therapeutic success [22–24].

Given that some of the most predominate cognitive distortions are rooted in the 
understanding of statistical concepts—for example, the gambler’s fallacy is a failure 
to recognize the meaning of randomness and the independence of chance events—
one might conclude that simply educating gamblers on these statistical concepts 
would result in less gambling behavior. However, there are two main problems with 
this conclusion. First, previous findings have shown that gambling severity is not 
determined or significantly correlated with mathematical ability, nor has it been 
shown to be specially related to the aforementioned cognitive distortions [25]. 
Second, even though a math education intervention focused specifically on gam-
bling concepts led to better performance by college students in a testing environ-
ment, the actual gambling behavior of the participants (including money spent, 
frequency, and severity) was no different from the control group after the interven-
tion [26]. Based on this, it appears the targeting of cognitive distortions must go 
beyond simple education and incorporate some of the more complex components 
used in various therapies. Cognitive behavioral therapy (CBT) is often viewed as the 
gold standard in treatment for a wide variety of psychological disorders, including 
GD. With the predominant goal of CBT being to assist patients in identifying and 
restructuring maladaptive thought processes in an attempt to modify the associated 
maladaptive behaviors, the targeting of cognitive distortions in the treatment of GD 
is indeed inherent to the CBT process. It is with no surprise, then, that CBT is cur-
rently considered by many to be the most effective and efficacious therapy for GD 
[23, 27]. Numerous researchers have explored the effectiveness of CBT in gambling 
populations, and pooled evidence from these studies support long-term CBT suc-
cess at follow-up intervals spanning up to 24 months [23]. Of particular interest for 
our purposes is the question of how CBT might incorporate and directly affect the 
nature and quantity of cognitive distortions in gamblers.
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As one research team well stated, “…if the gambler’s erroneous perceptions and 
understanding of randomness can be corrected, then the motivation to gamble should 
decrease dramatically” ([28], p. 1116). While CBT inherently focuses on cognitive 
elements, the vocalization and correction of erroneous thoughts in a therapeutic set-
ting is often achieved through the process of cognitive restructuring (CR), which may 
also include the thinking-aloud method [29]. Two distortions that have been pre-
dominant in research and theorizing about gambling disorder are the illusion of con-
trol and the gambler’s fallacy, and they have correspondingly been emphasized 
within CR for gamblers. The goal of the CR process is to help gamblers identify 
errors in their gambling-related cognitions and understand why they are errors. This 
process requires therapists to explain and discuss statistical concepts such as ran-
domness and the independence of successive random events, prior to the therapist 
correcting the previously tape-recorded verbalizations of the gamblers. The thinking-
aloud approach encourages patients to recognize erroneous thoughts, as they relate to 
their gambling behaviors, and in some cases challenges the participants to correct a 
certain percentage of these thoughts on their own before treatment is terminated. 
While CR might be administered independently, it might also be used in conjunction 
with other treatment approaches, including motivational therapy (e.g., [18]), expo-
sure therapy (e.g., [30]), or relapse prevention (e.g., [30]). Therapists might also 
include problem solving, social skills, or various types of educational components. 
These practices have resulted in successful outcome measures, such as a reduction in 
gambling severity and urges, up to 24 months posttreatment [28, 31–33].

In the earliest of these studies, Bujold et  al. [31] used a combination of CR, 
including thinking aloud, response prevention, and problem solving, and while they 
did not track changes in cognitive distortions, all participants reported better control 
over urges and less severe gambling behaviors after roughly 20  h of treatment. 
Sylvain, Ladouceur, and Boisvert [33] used a similar approach, with the same three 
therapeutic elements plus social skills training for their treatment group (n = 14), 
but they used the more rigorous methods of a randomized controlled trial (RCT), 
which also included a waitlist control group (n = 15). The treatment led to clinically 
significant change, based upon percentage in change and end state functions. This 
change was still apparent albeit slightly attenuated at both 6- and 12-month follow-
up for the treatment group, whereas only one person in the control group showed 
clinically significant change. Significant group-level improvement was seen in all 
five outcome measures (DSM criteria, perception of control, desire to gamble, self-
efficacy, and South Oaks Gambling Screen [34] scores) for the treatment group at 
posttest, but not for the waitlist control.

Similar results were seen when combining CR and response prevention. 
Individual therapy sessions, lasting an average of 11 h over several weeks, led to a 
significant decline in the rate of GD, with 14% of treated participants meeting crite-
ria for GD compared to 86% waitlisted controls [35]. The researchers also reported 
clinically significant change at posttreatment for the majority of their treated partici-
pants. The treatment group also reported a significant improvement in perceived 
control over their gambling urges and reduced gambling frequency and expenditure, 
which was not observed in the waitlisted group. The response prevention compo-
nent in this study also incorporated the influence of cognitive distortions by having 
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participants recall events that might lead to relapse and the distortions that might 
contribute to this. For example, participants were asked to identify how certain erro-
neous thoughts (e.g., If I gamble, I will succeed in controlling myself.) could be the 
catalyst for gambling relapse. Ladouceur et al. [32] later replicated these findings 
with a group-administered CR-plus-response prevention approach. Eighty-eight 
percent of the treatment group no longer met the GD criteria at posttreatment, com-
pared with 20% of the waitlist control group. 6-, 12-, and 24-month follow-ups 
revealed majorities maintaining their recovery. Similarly, Myrseth, Litlerè, Støylen, 
and Pallesen [36] found that 86% of their group-administered treatment participants 
made clinically significant change from pre- to posttreatment, while none of the 
control group did. This result was achieved with 12 h of treatment (six weekly 2-h 
sessions), with the third session focusing exclusively on cognitive distortions. Those 
who received individual therapy exhibited greater success rates than those in group 
therapy at posttreatment (92% no longer GDs vs. 65%), and this difference was 
maintained at 6-month follow-up [37].

The inclusion of multiple therapeutic components makes it difficult to assess the 
specific contribution of CR to therapeutic success. To fill this gap, some studies have 
used CR in isolation or as a separate treatment condition for comparison purposes. 
Ladouceur et al. [28] investigated the success of a CR approach that focused on 
cognitive distortions and corrections, without any additional therapeutic elements. 
In this comparatively simplistic therapeutic design, lasting no more than 20 h, four 
of the five participants displayed more control over gambling urges and no longer 
met DSM criteria for GD at posttreatment or at 6-month follow-up. Another study 
allows direct comparison among therapeutic strategies, with an RCT including indi-
vidual exposure therapy and response prevention, group CR, and a combination of 
these two approaches, in comparison to a waitlisted group [30]. Treatment condi-
tions were completed with six 1-h sessions over a 6-week period, such that the 
combined group received 12 h of therapy in comparison to the 6 h for the other 
groups. The three treatment conditions had combined rate of success (defined as 
gambling no more than twice during 6- and 12-month periods) of 59% at 6 months, 
compared with 25% for the waitlisted group. The group CR condition had the great-
est focus on cognitive distortions, including sessions in which participants discussed 
gambling-relevant distortions, such as illusion of control and memory bias. The 
individual and group conditions showed similar success rates at 6 months (75% and 
62%, respectively), which was maintained at 12-month follow-up better for the indi-
vidual condition (69%) than the group conditions (37%). The combined treatment 
condition had 38% success at both 6- and 12-month follow-up. Based on these 
results, Echeburúa et al. [30] concluded that “less is more” in the sense that the more 
complex therapeutic design resulted in less success overall.

4.1.1  Treatment with Measured Change in Cognitive Distortions

Clinical studies that focus on cognitive distortions in their treatment protocol have 
typically not measured the change in the distortions themselves, alongside measures 
of therapeutic gain. This is in part due to the fact that much of the development and 
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validation of modern cognition scales occurred after many of the treatment studies 
were conducted. Fortunately, later studies did include such measures, which allows 
for a more direct investigation of the influence of therapy on changes in cognitive 
distortions. One of the first studies to do so used both individual and group CBT with 
veterans in a 28-day inpatient gambling treatment program and found that the partici-
pants had a significant reduction in distortions, during the course of treatment, which 
resulted in them displaying distortion scores similar to those without GD [17].

Another study directly investigating the changes in cognitive distortions from 
pre- to posttreatment had four conditions: cognitive therapy, behavioral therapy, 
motivational therapy, and a minimal intervention, where the cognitive therapy con-
dition was intended to focus primarily on the correction of cognitive distortions 
[18]. Contrary to predictions, the minimal intervention proved to be the most effec-
tive in reducing rates of meeting GD criteria. Crucially for our purposes, this was 
also the group that showed the greatest reduction in cognitive distortions, as mea-
sured by the Gambling Related Cognitions Scale (GRCS [16]). These findings are 
reminiscent of those by Echeburúa et al. [30], indicating that less is in fact more, but 
these findings go a step further by directly showing that the simplest intervention 
not only led to the best therapeutic success but also led to the greatest reduction in 
relevant cognitive distortions. In a similar study comparing cognitive therapy and 
exposure therapy, both treatments were also successful [38]. Interestingly, while the 
cognitive therapy group spent roughly half of their 12 sessions addressing cognitive 
distortions and erroneous beliefs, the exposure therapy group did not focus on dis-
tortions at all yet experienced the same therapeutic success, including relative 
improvements in the GRCS.

Some theorizing has suggested that if cognitive distortions are a key feature of 
GD onset or maintenance, the traditional processes of CBT and CR might be 
enhanced by having gamblers move beyond the simple identification and correction 
of cognitive distortions. In fact, while gamblers are likely to endorse cognitive dis-
tortions, they are less likely to understand how they act as a catalyst for their gam-
bling habits [39]. The process of mindfulness, wherein individuals are asked to be 
fully aware of their cognitions, but without judgment, can lead to deautomatization 
[40] of related urges and behaviors, and essentially break the chain of cognitive 
events (erroneous beliefs → urge to gamble → resulting behavior) that contributes 
to the maintenance of GD. There is empirical evidence to suggest that the use of 
mindfulness-based interventions for gamblers might be a fruitful path to explore, 
including the fact that gamblers tend to demonstrate lower levels of trait mindful-
ness than others [41, 42]. Two separate case studies showed gamblers who benefited 
from a mindfulness-based intervention, even after CBT had previously been unsuc-
cessful [43, 44], and one pilot study using mindfulness methods with more than a 
dozen participants [45] also resulted in promising outcomes. Taking a metacogni-
tive approach to treatment, by spending time focusing on cognitions themselves, 
might be essential for gamblers trying to correct cognitive distortions.

Toneatto et  al. [45] used mindfulness-enhanced cognitive behavioral therapy 
(M-CBT), in which participants received CBT plus mindfulness instruction and 
practice for five sessions, along with homework of mindfulness practice. The 
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M-CBT group reported a reduction in GD symptoms from 6.7 to 3.4, compared 
with no change for the waitlist control, along with reduced gambling urges at post-
treatment. Differential positive outcomes were maintained at 3-month follow-up, at 
which point 3 of 14 participants met criteria of disordered gambling, compared with 
17 of 18  in the control group. Individuals who continued mindfulness practices 
posttreatment had significantly fewer symptoms and gambling urges.

The available evidence suggests that the targeting of cognitive distortions in 
therapies for disordered gamblers is often successful, leading to significant reduc-
tions in DSM symptoms and other clinically significant outcomes that are main-
tained throughout substantial follow-up periods. Further, cognitive distortions have 
been identified as a predictor of gambling relapse among Gamblers Anonymous 
members [16, 21]. However, the greatest success might be not be achieved when 
focusing solely on cognitive distortions, but achieved when cognitive distortions are 
targeted in the broader framework of CBT therapy. Many variations of CBT are 
shown to be effective for treating GD, despite nuances in practice [23], but this 
diversity of CBT techniques can be problematic when attempting to identify the 
specific therapeutic elements that best contribute to patient success. Some evidence 
suggests that CBT alone leads to similar posttreatment outcomes as CBT in combi-
nation with other therapeutic elements, like exposure therapy and response preven-
tion, but also results in better treatment adherence and less attrition [46]. When 
directly comparing the effects of cognitive therapy versus exposure therapy in an 
RCT, similar results are found—comparable posttreatment success with less attri-
tion for cognitive therapy—but greater relapse was also noted for the cognitive 
therapy group [38].

Because the success of a therapeutic intervention might depend on other factors, 
it is important to consider certain demographic and other influences. The naturalis-
tic study by Rossini-Dib et al. [20] found that age, sex, and ethnicity did not play 
significant roles in predicting treatment success. Several studies report some degree 
of therapeutic success regardless of the sex ratio, which include all men (e.g., [31]), 
all women (e.g., [37]), and combined samples (e.g., [20, 30]). However, there is 
metaanalytical evidence to suggest that the therapeutic gains may be greater in stud-
ies with higher proportions of males [23]. Due to homogeneity of the participants, 
small sample sizes, and lack of analyzing or reporting, we cannot draw firm conclu-
sions regarding possible moderating effects of age and ethnicity.

Also of methodological importance is the size of the samples and the structure of 
the therapy provided (e.g., total number and type of conditions, group vs. individual 
designs, and hours in therapy). The studies included in this review range from case 
studies that focus on the intensive investigation of only a few participants (e.g., [28, 
31]) to samples as large as 99 participants (i.e., [18]), but all of the studies reported 
varying degrees of success. As far as experimental design is concerned, even the 
most rigorous methodological approaches—a RCT with a waitlist condition—
resulted in therapeutic gains for participants. Some of these treatments focused on 
individual therapies and others relied on a group-therapy approach or a combination 
of individual and group therapy. Interestingly, there is no clear conclusion as to 
which approach might be superior. Therapeutic gains are found when delivering the 
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therapy in a group format (e.g., [32]), but these studies do not always include a 
comparison to an individual-group format. However, studies making direct com-
parisons of individual vs. group therapy, or even combined therapies, have found 
that even though all approaches result in significant improvement from baseline, the 
therapeutic gains are better maintained when therapy was delivered in an individual 
format [30, 37]. But in contrast, a metaanalysis of studies using CBT with gamblers 
found greater statistical support for the long-term benefits of group therapy [23].

The literature on CBT for GD indicates that the duration of therapy does not play 
a significant role [23]: interventions lasting as little as 90 min [18] led to successful 
outcomes, while others lasting much longer—around 20  h and spanning several 
weeks of time—have also led to success (e.g., [28, 31]). Further, intensive inpatient 
gambling treatment programs lasting an entire month have also demonstrated suc-
cessful outcomes and significant decreases in cognitive distortions [17].

The literature is thus clear that cognitive distortions play an important role in the 
development and maintenance of problem gambling, measured by symptoms, gam-
bling frequency, urges, or expenditures. Likewise, addressing distortions plays an 
important role in the success of treatment. For future clinical research, we believe 
the literature supports consistent use of pre- and posttreatment assessment of cogni-
tive distortions. Clearly, this step would be enhanced by the availability of psycho-
metrically strong, agreed-upon instruments. We also believe the literature would 
benefit from improved understanding of the moderating role of comorbid disorders 
such as substance use and depressive disorders, particularly as many problem gam-
blers also experience these disorders [47], and as these comorbid disorders have 
been identified as potential contributors to nonrecovery [20].

4.2  Measuring Cognitive Distortions

Cognitive distortions were first studied using the “think-aloud” method previously 
discussed for its application to therapy. In a research context [48, 49], speech was 
coded into two main categories—rational and irrational—and it was discovered that 
pathological gamblers displayed greater frequencies of cognitive distortions than 
social or non-gamblers [29]. Rational forms of speech included reference to odds or 
probabilities that were correct, descriptions of the game, differentiating between 
reasonable and unreasonable courses of action, and mentioning strategies that were 
correct in relation to some aspect of the game [10, 48, 50]. Irrational thoughts often 
included incorrect links between cause and effect, superstitiously based statements, 
personification of the machine, reference to personal skill or luck as an explanatory 
or predictive factor, explaining away losses, and trying to influence game outcomes 
through inappropriate means [4, 10, 48, 50, 51].

The think-aloud method helped shed light on the presence of cognitive distor-
tions in gamblers, revealing higher frequencies and proportions of irrational beliefs 
among problem gamblers than among other populations [48, 52, 53], and provided 
a building block from which researchers have continued to study the influence of 
cognitive distortions on gambling behavior. However, this approach has been 
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criticized for lack of standardization across studies, making it difficult to quantify 
cognitive distortions among gamblers [13, 54]. Focus has shifted from measuring 
frequency of cognitive distortions to the development of psychometrically sound 
instruments that quantify and differentiate between cognitive distortions. Having 
statistically reliable and valid measures of cognitive distortions enables researchers 
to identify which cognitive distortions are most pervasive and influential in GD. The 
field has moved in a salutary direction, as we shall describe, but the current state of 
the literature points to clear next steps to develop increasingly reliable, valid, and 
widely used measures. In the following sections, we (a) describe the principal cog-
nitive distortions that have been studied and their theoretical basis, (b) describe the 
challenges faced by many of the current generation of instruments for measuring 
cognitive distortions in GD, and (c) describe both the strengths and the principal 
challenges faced by each of the most widely cited current instruments.

4.2.1  Cognitive Distortions Implicated in GD

Several cognitive distortions have derived from the heuristics and biases program of 
research [8], in particular biases associated with the availability and representative-
ness heuristics. According to the availability heuristic, events are judged to be likely 
if similar events are easy to retrieve from memory. Under the representativeness 
heuristic, events are judged to be likely to have been drawn from a particular class 
to the extent they resemble (or are representative of) a typical member of that class. 
Distortions based on availability include illusory correlations, inherent memory 
bias, and the availability of others’ wins (for a review, see [22]). In a gambling set-
ting, illusory correlations may exist when gamblers believe there is a relationship 
between events that are in fact unrelated, such as the idea that their personal luck is 
an influential factor in their gambling outcomes [55]. Times when a superstitious 
belief or behavior was coincidentally paired winning are more likely to be recalled 
[56]. Indeed, the winnings of others, such as by hearing the winning sounds of 
nearby slot machines, can lead gamblers to believe they are more likely to win [48].

Distortions related to the representativeness heuristic include the gambler’s fal-
lacy, overconfidence, and trends in number picking. The gambler’s fallacy occurs 
when individuals believe that even short strings of random events must correspond 
with their perception of what constitutes randomness, leading to beliefs that particu-
lar outcomes are “due” [57]. Overconfidence is a tendency to display degrees of 
confidence that are unwarranted by one’s actual ability [58] and correlates positively 
with GD [10, 59, 60]. Similar patterns of thinking are apparent in number picking 
such as choosing lottery numbers, where individuals systematically avoid duplicate 
numbers and prefer number strings that do not contain neighboring digits [61–63].

A strength that is shared by all of the published instruments of which we are 
aware is reliability, both in terms of Cronbach’s alpha and test-retest reliability. This 
is a vital strength that has sustained the enterprise of instrument development. 
However, other facets of instrument success have been less consistently tested or 
tested but not confirmed.
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4.2.2  Content Validity of Current Measures

Measuring General Cognitions Related to Gambling. Content validity refers to the 
extent to which elements of a given measurement scale are relevant and reflective of 
the construct they seek to measure [64]. Relevance, defined as the appropriateness 
of included facets for the measurement scales targeted construct [65], is important 
because we distinguish between specific cognitive distortions, general cognitive 
processes, and noncognitive process such as emotions. To the extent that it is useful 
to measure cognitive distortions specifically, it is important to exclude the other 
categories, or else the content validity of the scale will suffer. Scales have been 
identified, which are claimed to be measures of cognitive distortions related to path-
ological gambling, which include items unrelated to cognitive distortions, compro-
mising their content validity [5].

Relevance and content validity decline if a measurement scale includes facets that 
are outside or unrelated to the construct in question [64]. Applying this to current 
measures of cognitive distortions reveals many instruments whose scale relevance 
may be questioned on these grounds, by including general cognitive processes associ-
ated with gambling, which do not measure specific cognitive distortions. We will dis-
cuss implications that hinge on this distinction. For example, the Gambling Related 
Cognitions Scale [16] and the Gambling Attitudes and Beliefs Scale [66] include ele-
ments reflecting both cognitive distortions (e.g., belief in personal luck, illusion of 
control) and general cognitive processes (e.g., motivations to gamble, emotions related 
to gambling). The Gambler’s Beliefs Questionnaire [13] includes subscales unrelated 
to specific cognitive distortions (e.g., memory bias, biased interpretation of evidence), 
which decreases the scale’s level of content validity. This can be an impediment to 
research attempting to focus specifically on cognitive distortions.

4.2.3  Non-comprehensive Scales

Including relevant facets in a measurement scale not only means excluding irrele-
vant facets but also including all relevant facets. This means the measures of cogni-
tive distortions that measure only a subset of relevant distortions (e.g., Drakes 
Beliefs about Chance [14]; Information Biases Scale [67]) have diminished content 
validity. This issue extends further because the field lacks an agreed-upon measure-
ment tool that specifically targets cognitive distortions in GD. This hinders the iden-
tification of distortions that is the most impactful in gambling pathology [2]. In 
order to advance research and treatment programs, researchers need to develop 
improved measures that include all relevant cognitive distortions and exclude irrel-
evant general cognitions related to gambling.

4.2.4  Need for Confirmatory Factor Analysis

Confirmatory factor analysis (CFA) is a statistical procedure that tests how well a 
proposed measurement model fits with a collected sample [68, 69]. Although related 
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to exploratory factor analysis (EFA), CFA goes beyond EFA in that EFA is data-
driven, often used for exploratory or descriptive purposes, and does not require 
substantive theory, whereas CFA requires a strong theoretical foundation to help 
guide the specified factor model [68, 69]. In measurement construction, EFA is typi-
cally used first to identify the number of factors, and then CFA is employed after the 
underlying factor structure is discovered, and there is a justified theoretical founda-
tion to support the proposed factor-model structure [70]. Scales of measurement 
that are supported only by EFA are incomplete; CFA should be conducted to see 
whether or not the proposed measurement model adequately fits the data. It is not 
enough to establish a measurement scale’s factor structure; researchers also need to 
examine how well their measurement model replicates in actual data. Most of the 
instruments discussed here lack CFA-based validation of which we are aware, a 
significant shortcoming in the literature.

4.2.5  Establishing Measurement Invariance

Measurement invariance (sometimes called measurement equivalence) is a rela-
tively recent methodological advance, and so it may be unsurprising that all of the 
common cognitive distortion measurement scales lack establishment of measure-
ment invariance across levels of gambling severity. Demonstrating measurement 
invariance means the measured constructs (in this case cognitive distortions) con-
jure the same conceptual framework across each comparison group [71]. If there is 
no evidence to suggest measurement invariance across groups, or if measurement 
invariance assumptions are violated, then inferences drawn from between group 
comparisons can be made only with reduced confidence [72]. In other words, if the 
conceptual frame of reference differs between levels of gambling severity, then the 
ability to make between group comparisons is compromised. Many studies have 
examined differences in cognitive distortions across disordered, problem, and non-
problem gamblers, but without establishing measurement invariance such compari-
sons are ambiguous. Because all of the instruments reviewed below lack this form 
of validation, we do not repeat the critique for each one, although we regard it as 
uniformly relevant for all.

4.2.6  Summary of Measurement Problems

Many measures of cognitive distortions fall short in terms of content validity—
including irrelevant items or failing to address the full scope of distortions—and 
lacking CFA to support the proposed measurement-model structure. All measure-
ment scales lack establishment of measurement invariance across levels of gam-
bling severity, marking the next frontier in understanding how cognitive distortions 
operate between those with and without gambling disorders. Content validity can be 
improved by developing a scale that focuses on all cognitive distortions related to 
gambling and excludes irrelevant facets. CFA can be employed after EFA has iden-
tified the measure’s factor structure or when there is a sufficient conceptual 

4 Cognitive Distortions in Disordered Gambling



60

background. Finally, tests of measurement invariance can easily be conducted 
within traditional CFA procedures by running simultaneous confirmatory factor 
analyses in two or more groups [68]. A measurement scale that follows these proce-
dures will not only be the first of its kind but also serve to advance researchers’ and 
clinicians’ understanding of the role cognitive distortions play in GD.

4.3  Instruments for Measuring Cognitive Distortions in GD

4.3.1  Gambling Beliefs and Attitudes Survey (GABS)

The GABS [66] was originally developed as a 35-item Likert style questionnaire 
(1 = strongly agree, 4 = strongly disagree) that is not divided into subscales, but 
rather is intended “to capture a wide range of cognitive biases, irrational beliefs, and 
positively valued attitudes to gambling” ([66], p. 1102). Several items bear a resem-
blance to common distortions, such as gambler’s fallacy (e.g., If I have not won any 
of my bets for a while, I am probably due for a big win) and the illusion of control 
(e.g., No matter what the game is, there are betting strategies that will help you 
win). Still, the GABS score is taken holistically to reflect “gambling affinity.” The 
GABS was designed to be administered only to individuals who are familiar with 
gambling-related concepts and terms. The GABS showed strong internal reliability 
with both student (α = 0.93) and treatment-seeking individuals with GD (α = 0.90). 
GABS scores correlated with SOGS scores among male college students who gam-
bled (r = 0.38).

GABS scores are higher among GDs than nonclinical samples ([73, 74], both 
using SOGS) and correlate with SOGS scores [73, 75]. 10- and 15-item revisions of 
the GABS correlate with PGSI scores ([76], Studies 1 and 2 [77]), and a 23-item 
version has been validated and revealed a 5-factor structure [78] relating to strate-
gies, chasing, attitudes, luck, and emotions. Strategies refer to beliefs in illusory 
gambling strategies supposed to increase one’s chances of winning, chasing refers 
to persistent gambling when losing or winning within a gambling session, attitudes 
are the conviction in gambling attitudes thought to increase one’s chance of win-
ning, luck is the belief in good/bad luck as well as superstition, and emotions refer 
to the emotional excitement provided by gambling.

The GABS predicts attentional bias in non-problem gamblers [79], and has been 
successfully translated in Italian [80]. However, it includes cognitions unrelated to 
cognitive distortions. 

4.3.2  Beliefs About Control Scale (BAC)

The BAC [81] is a 19-item Likert-type scale (1 = strongly disagree, 5 = strongly 
agree) that assesses 5 factors: illusion of control, need for money, control over gam-
bling, belief in systems, and cynicism about winning. The illusion of control sub-
scale assesses optimistic views about winning and the belief in luck and other 
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superstitious behaviors. The need for money scale reflects the importance of win-
ning money to help with finances. The control over gambling subscale measures an 
internal locus of control related to gambling, modulating when it is appropriate to 
gamble and when it is not. The belief in systems subscale reflects one’s belief that 
strategies and systems can be used to improve gambling outcomes. Finally, the cyni-
cism about winning subscale examines the extent to which a person believes win-
ning is unlikely. The BAC is not a comprehensive measure of cognitive distortions 
and lacks CFA.

4.3.3  Gambler’s Beliefs Questionnaire (GBQ-1)

Two different scales share a single acronym, GBQ, despite having been developed 
independently and with differing items. We term these “GBQ-1” and “GBQ-2,” 
reflecting the chronological order in which they were published.

The GBQ-1 [15] is a 21-item Likert-type scale (1 = strongly agree, 7 = strongly 
disagree) with two subscales reflecting categories of beliefs: luck/perseverance (13 
items) and the illusion of control (8 items). The illusion of control items focus on 
perceived knowledge and skill related to gambling, and the luck/perseverance items 
focus on specific beliefs and strategies that might be utilized while gambling. 
Several of the luck/perseverance items appear to reflect the gambler’s fallacy (e.g., 
If I continue to gamble, it will eventually pay off and I will make money). The GBQ-1 
shows good test-retest reliability (r = 0.77), as well as strong convergent validity 
with GD measures. Internal reliability indices are strong [82] with α = 0.93 for the 
scale as a whole, 0.89 for illusion of control, and 0.94 for luck/perseverance. GBQ-1 
total and subscale scores were significantly higher among DSM-IV-based patho-
logical gamblers (PGs) than among non-pathological gamblers (NPGs), as identi-
fied by both the Massachusetts Gambling Screen DMS-IV Questionnaire [83] and 
the SOGS. However, the GBQ-1 did not differentiate between probable PGs and 
problem gamblers (those scoring a 3 or 4) on the SOGS. The GBQ-1 was similarly 
validated in a treatment-seeking sample [84], in which scores improved across treat-
ment, and in a translation into Spanish [85] and in Chinese language with CFA vali-
dation [86]. It has also been validated in an English-speaking community with 
ethnic Chinese culture [87]. GBQ-1 distortions appear to be greater among online 
than offline poker players [88]. However, these differentiations should be viewed 
with caution, as measurement invariance has not been established.

Scores on the GBQ-1 decline with improved cognition in VLT players at moder-
ate risk who receive prevention interventions and correlate positively with gam-
bling pathology scores ([82, 89], both using SOGS [90], using CPGI); a control 
group that did not have improved cognition did not change in GBQ-1 scores [91]. 
Similarly, reduced distortions are correlated with better recovery from gambling 
problems [20].

Although the GBQ-1 has been referenced a great deal in the literature, it includes 
measurement items that are not relevant to specific cognitive distortions (e.g., My 
losses aren’t as bad if I don’t tell my loved ones).
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4.3.4  Perceived Personal Luck Scale (PPLS)

The PPLS [92] consists of ten items from the GBQ-1 [15], with 5-point Likert for-
mat (1 = strongly disagree, 5 = strongly agree, altered from the 7-point format of 
the GBQ-1), which represent a “skill orientation toward gambling.” The PPLS has 
strong internal consistency (α = 0.88; replicated by [93], α = 0.90). Low- and high-
risk undergraduate problem gamblers, identified by the Problem Gambling Severity 
Index (PGSI; a subscale of the CPGI), both had greater perceived personal luck than 
non-problem gamblers [94]. Furthermore, individuals who preferred games with 
both skill and chance components, also had greater perceived personal luck than 
those who preferred chance games [92]. The PPLS arguably lacks content validity 
because it includes items irrelevant to specific cognitive distortions.

4.3.5  Gambler’s Beliefs Questionnaire (GBQ-2)

The GBQ-2 [13] is a 65-item questionnaire designed to measure irrational and dis-
torted cognitions in social and problem gamblers. It is scored on a 5-point Likert 
scale (0 = not at all, 4 = very much) and includes 12 subscales: illusion of control 
(9 items), erroneous beliefs of winning (4 items), entrapment/gambler’s fallacy (12 
items), superstition (8 items), impaired control (5 items), near miss (3 items), mem-
ory bias (3 items), biased evaluation (equivalent to self-serving bias; 7 items), posi-
tive state (3 items), relief (5 items), money equals a solution to problems (4 items), 
and denial (2 items).

The overall scale shows excellent internal reliability (α = 0.97), but subscale reli-
ability indices were not reported. GBQ-2 scores also differ between groups defined 
by gambling severity. Problem gamblers, defined as a SOGS score of 10 or higher, 
had significantly higher scores than social gamblers on all subscales except denial. 
Subsequent studies utilized a 48-item version (i.e., [95]), which lacks published 
validation, as well as a briefer 24-item version [96]. EFA conducted on the 24-item 
version revealed 5 factors [96], with 6 items each for coping, personal illusory con-
trol, and general illusory control and three items apiece for winning expectancy and 
rational beliefs. This version correlates significantly with SOGS scores (r = 0.58) 
and has strong internal reliability (α = 0.89). However, CFA has not been employed 
to examine how well the 5-factor structure holds in the data. Both the 65-item [13] 
and 24-item [96] GBQ-2 scales lack subscales of relevant cognitive distortions and 
lack CFA validation of the factor structure.

4.3.6  The Information Biases Scale (IBS)

The IBS [67] assesses various distortions rating 25 items on a 7-point Likert scale 
(1 = don’t agree at all, 7 = strongly agree). The measure has good internal reliabil-
ity (α = 0.92) and correlates with both the South Oaks Gambling Screen (SOGS 
[34]; r  =  0.48) and the National Opinion Research Center DSM-IV Screen for 
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Gambling Problems ([97]; r = 0.38). The SOGS was developed as a research screen 
and does not reflect a diagnostic symptom count. The DSM-IV screen was symp-
tom-based. The IBS was developed in reference to video lottery terminal (VLT) 
play, and so it cannot be administered to non-gamblers to compare across groups. 
The IBS is a single-factor questionnaire, which nevertheless taps into several differ-
ent distortions, including the illusion of control (e.g., I would rather use a VLT that 
I am familiar with than one that I have never used before), the gambler’s fallacy 
(e.g., The longer a VLT has gone without paying out a large sum of money, the more 
likely are the chances that it will pay out in the very near future), illusory correla-
tions (e.g., I know some VLT users who are just plain lucky), and the availability 
heuristic (e.g., Hearing about other people winning on VLTs encourages me to keep 
on playing). Scores on the IBS decreased among moderate-risk VLT players (using 
the Canadian Problem Gambling Index; CPGI [98]) with prevention interventions, 
but not in a control group [91], and mediated a link between low conscientiousness 
and gambling severity [99]. Scores were lower among non-problem-gambling col-
lege students who received educational animation than among those who saw a 
neutral video [100]. This scale is a non-comprehensive measure of gambling-related 
cognitive distortions and also lacks CFA to test model-data fit.

4.3.7  The Gambling Related Cognitions Scale (GRCS)

The GRCS [16] is a 23-item questionnaire, assessed on a 7-point Likert scale 
(1 = strongly disagree, 7 = strongly agree), with five subscales defined by a particu-
lar cognition: illusion of control (4 items), predictive control (equivalent to gam-
bler’s fallacy, 6 items), interpretative bias (4 items), gambling-related expectancies 
(4 items), and perceived inability to stop gambling (impaired control, 5 items). The 
illusion of control subscale emphasizes superstitious beliefs (e.g., I have specific 
rituals and behaviors that increase my chances of winning), and the predictive con-
trol subscale focuses on probability errors such as the gambler’s fallacy (e.g., Losses 
while gambling are bound to be followed by a series of wins). The interpretive bias 
subscale items appear to strongly represent self-serving bias (e.g., Relating my 
losses to bad luck and bad circumstances makes me continue gambling). Gambling-
related expectancies focus on expected benefits from gambling (e.g., Gambling 
makes me happier), and Perceived inability to quit reflects respondents’ confidence 
in their ability to control their gambling (e.g., I’m not strong to enough to stop 
gambling).

The GRCS shows strong internal reliability, with overall scale α = 0.93 and sub-
scale α values ranging from 0.77 to 0.91. It has demonstrated concurrent validity 
with measures of depression and anxiety, gambling motivation, and SOGS scores, 
as well as good discriminant validity. The GRCS total score correlates with SOGS 
scores (r = 0.43), and GRCS subscale scores accounted for 27% of SOGS score 
variance in a regression analysis. Tests of two discriminant functions, one with the 
subscales as predictors and one with the total score as a predictor, classified partici-
pants into two severity groups: 86% of the time for the first function and 85% of the 
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time for the second function. Individuals with SOGS scores of 4 or greater had 
significantly higher scores on the GRCS total score and on all of the five subscales 
than those with SOGS scores of 0.

GRSC scores correlate with measures or gambling severity ([16, 101, 102], all 
using SOGS), and average scores differ between pathology-defined groups ([103], 
using PGSI) and by factor analysis [104] and Bayesian structural equation modeling 
[105]. In cross-cultural comparisons, Chinese and Caucasian participants had simi-
lar subscale scores, except for the illusion of control and the perceived inability to 
stop gambling, in which Chinese participants showed more distortion [106]. The 
authors suggest that these differences may be an artifact of different cultural norms. 
The GRSC has also been translated successfully into Turkish [107]. It has been 
widely utilized in studies of the neural bases of cognitive distortions in GD [108, 
109] and has been validated in Italian [110] and Japanese [111] language versions. 
The GRCS predicts gambling problems, but its factor structure is in question [112]. 
However, the GRCS addresses cognitions unrelated to specific cognitive distortions, 
lowering the scale’s content validity.

4.3.8  The Drake Beliefs About Chance Inventory (DBC)

The DBC [14] consists of 22 Likert-type items (1 = strongly disagree, 5 = strongly 
agree) and is designed to measure gamblers’ erroneous beliefs about games of 
chance. The scale poses a 2-factor structure of items related to superstition and the 
illusion of control. Similar to the previous measurement problems, this scale does 
not include all relevant cognitive distortions associated with GD, and it lacks CFA 
validation.

4.3.9  Gambling-Related Cognitive Distortion (GRCD)

The GRCD [113] is a 12-item Likert-type questionnaire (1 = never, 5 = always) 
used to examine the relationship between the severity of problem gambling and the 
severity of cognitive distortions. This scale has questionable content validity because 
not all relevant cognitive distortions are covered, and the GCI includes items not 
related to a specific distortion. Furthermore, the authors did not conduct CFA.

4.3.10  Personal Luck Usage Scale (PLUS)

The PLUS [114] is an 8-item unidimensional Likert-type questionnaire (1 = strongly 
disagree, 5 = strongly agree) used to measure gambler’s erroneous beliefs that they 
possess personal luck that can be used to influence outcomes while gambling. The 
PLUS notably utilized CFA and allows researchers who use it to be more confident 
in its assessment of personal luck. However, this scale lacks comprehensive content 
validity by focusing on one specific cognitive distortion.
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4.3.11  Gambling Cognitions Inventory (GCI)

The GCI [115] is a 33-item Likert-type scale (0 = strongly disagree, 3 = strongly 
agree) that assesses 2 factors: attitude/skill (e.g., I am a very skilled gambler) and 
luck/chance (e.g., Repeating certain phrases or thoughts to myself will give me 
good luck). This scale notably is supported by CFA-based validation.

4.3.12  Scales Not Developed for Gambling

The following questionnaires were not specifically intended to measure cognitive 
distortions in gambling but warrant mention because they have subsequently been 
referenced in relation to gambling pathology [5, 116, 117]. Ferland, Ladouceur, and 
Vitaro [118] created 16-item Likert scale (1 = I totally disagree, 4 = I totally agree) 
to examine knowledge and misconceptions about gambling. Seven questions 
assessed misconceptions (e.g., When I play bingo, I have more chances of winning 
if I bring my lucky charms with me) and nine assessed knowledge (e.g., Lottery is a 
gambling activity). This scale was used as a pre-post measure to evaluate any change 
in item endorsement following treatment. The Belief in Good Luck Scale (BIGL 
[116]) is a 12-item Likert scale (1 = strongly agree, 6 = strongly disagree) designed 
to measure irrational beliefs about luck. The Beliefs Around Luck Scale (BALS 
[119]) expanded the BIGL scale such that beliefs about bad luck could be measured. 
This Likert scale consists of 22 items (1 = strongly agree, 6 = strongly disagree) 
and is composed of four constructs—belief in being unlucky, belief in being lucky, 
rejection of belief in luck, and a general belief in luck. Thompson and Prendergast 
[120] created the 12-item Likert-type (1 = strongly disagree, 5 = strongly agree) 
Belief in Luck and Luckiness Scale (BILLS). This bidimensional scale contains six 
items reflecting a general belief in luck and 6 items reflecting a belief in personal 
luckiness.

4.4  Conclusion

It is now beyond debate that cognitive distortions play a central role in problem 
gambling behavior and gambling disorder. Clinical studies in this area have consis-
tently shown beneficial effects of including modules to target cognitive distortions 
in broader therapies, notably CBT, across genders, races, and types of therapy 
(especially individual versus group), although important research on moderating 
effects of these variables remains to be entered in the literature. The trend of clinical 
researchers using increasingly sophisticated measurement techniques for distor-
tions themselves, as such instruments become available, is unmistakable and under-
standable, and we anticipate that it will continue.

In the domain of instrument development, we believe that the field stands on the 
precipice of a third generation of instruments. First were think-aloud protocols [29], 
which introduced cognitive distortions to the field. Second was a generation of 
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instruments that permitted more systematic exploration of specific cognitive distor-
tions [2, 23]. We believe the field stands ready [5] to move to enhanced instruments 
that demonstrate better content validity by incorporating all relevant distortions and 
excluding other factors and are supported by fuller psychometric validation, includ-
ing internal and test-retest reliability, EFA, and CFA.
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5.1  Introduction

In this chapter, I will review the literature on the behavioral genetics of disordered 
gambling (DG), including studies that have focused on (1) estimating the aggregate 
influence of genetic and environmental factors, as well as studies that have focused 
on (2) identifying the specific genes that account for the aggregate genetic risk. 
Other topics that will be covered are (3) DG comorbidity, (4) developmentally rele-
vant studies, (5) identifying the specific environments that account for the aggregate 
environmental risk, and (6) gene-environment interplay. Throughout this chapter, 
the term “disordered gambling” will refer to not just pathological gambling or gam-
bling disorder as defined by the DSM but also the full spectrum of gambling- related 
problems including problem gambling. This is consistent with the recent emphasis 
in psychiatry on the dimensional nature of many disorders [1] and emerging empiri-
cal evidence supporting the conceptualization of DG as dimensional [2].

5.2  Disordered Gambling Runs in Families:  
Setting the Stage

Numerous studies have reported that gambling involvement and problems run in 
families, but only two studies have obtained direct interviews with family members 
[3, 4]. In the largest of the studies, 8% of the first-degree relatives of DG-affected 
probands, compared to 1% of the first-degree relatives of DG-unaffected controls, 
had a lifetime history of DG [3]. First-degree relatives of the individuals with a diag-
nosis of DG were over eight times more likely to be affected with DG themselves 
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than the first-degree relatives of the unaffected controls. Although family studies are 
invaluable, their results are indeterminate with respect to the mechanisms underlying 
familial transmission. Although these findings are consistent with the social model-
ing of gambling behaviors of family members, they are just as consistent with an 
important role for genetic transmission. Genetically informative research designs, 
such as twin and adoption studies, are required to disentangle the contributions of 
genetic and environmental factors (such as social modeling) to the risk for DG.

In a twin study, one compares the similarity of monozygotic (MZ) twins, who 
share 100% of their genetic information, to the similarity of dizygotic (DZ) twins, 
who share on average 50% of their genetic information (specifically, the genetic 
information that varies in the population). (Two unrelated humans share about 
99.9% of their genetic information; studies of individual differences are concerned 
with the 0.1% that varies.) When MZ twin pairs are more similar than DZ twin 
pairs, one can infer that there is a contribution of genetic factors to a trait. This rep-
resents the cumulative aggregated influence of all genes that contribute to trait vari-
ation. If the DZ twin similarity is greater than half the MZ twin similarity, then one 
can infer that shared environmental influences contribute to individual differences 
in a trait. That is, there are factors other than the sharing of genetic information that 
is contributing to the similarity of twins. A contribution of unique environmental 
influences is inferred when the MZ twin similarity is less than 1.0 (this also includes 
measurement error). This is the contribution to individual differences that is not 
shared by twins and cannot be explained by genes or shared environments.

5.3  Twin Studies of Disordered Gambling: Shared Genes 
Rather Than Shared Environments

Compared to other psychiatric disorders, there has been much less genetically infor-
mative research on DG, with only two major twin studies and no adoption studies 
conducted to date1. The results of twin studies of DG are presented in Table 5.1. The 
first large twin study was based on a sample of 3359 twin pairs from the Vietnam 
Era Twin Registry, a national sample of male twin pairs in which both men served 
in the US military during the Vietnam Era [6]. Despite the large size of the Vietnam 
Era twin cohort, there were still relatively few men who met the DSM diagnostic 
criteria for DG when interviewed in 1991–1993. Of 7869 interviewed men, only 
112 (1.4%) met the diagnostic criteria for DG.

In the Vietnam Era twin cohort, the lifetime prevalence of DG was significantly 
elevated among the monozygotic (23%) and dizygotic (10%) cotwins of men with 
DG compared to the lifetime prevalence of DG (1.4%) in the full sample [24]. When 
standard twin structural equation models were fit to the data, it was not possible to 
discern whether this familial similarity for DG was due to genetic or shared family 

1 Davis, C.N., Slutske, W.S., Martin, N.G., Agrawal, A., & Lynskey, M.T. (2018). Genetic and 
environmental influences on gambling disorder liability: A replication and combined analysis of 
two twin studies. Psychological Medicine, published online first.
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environmental factors, but it was possible to estimate that the total percentage of 
variation in the risk for DG that was accounted for by all familial factors, both 
genetic and environmental, was 62%.

A model commonly used in psychiatric genetics for estimating the influence of 
genetic and environmental factors underlying the risk for categorical disorders, and 
used in the two twin studies of DG, is the liability threshold model. This model 
makes the assumption that underlying the categorical diagnosis of DG is a normally 
distributed latent liability dimension in which being affected with DG corresponds 
to surpassing a threshold on the continuous latent liability. The liability threshold 
model assumes that the causes of variation in risk will be the same at any point 
along the liability distribution and for any threshold imposed [25]. A recent study 
provided empirical support for the liability threshold model as applied to DG [22]. 
This suggests that it is likely that the results obtained for a narrower and more strin-
gent DG definition, such as meeting the DSM diagnostic criteria, will be the same 
as the results obtained for broader definitions of DG, such as experiencing one or 
more DG symptoms. The benefit of the latter approach is that it yields more cases 
and has greater statistical power for detecting genetic influences.

In the Vietnam Era twin cohort, firmer evidence for genetic influences on the risk 
for DG was obtained when a broader phenotype was used. When DG was defined as 
having one or more DSM symptoms, the heritability was estimated at 48%, with no 
evidence for a role of shared environmental influences in the familial transmission 
([6]; see Table  5.1). The remaining variation in DG risk was due to individual- 
specific environmental factors that were not shared between twins. A 10-year fol-
low- up was conducted with a selected subsample of 1675 individual twins from the 
Vietnam Era twin cohort [7]. This longitudinal follow-up allowed for an examina-
tion of the stability and change in the genetic and environmental influences to risk 
for DG from ages 42 to 53 over a time period in which the opportunities to gamble 
expanded in the United States (1992–2002). The genetic factors that contributed to 
variation in risk for DG in 1992 completely explained the genetic variation in risk 
for DG in 2002. On the other hand, most of the individual-specific environmental 
risk factors for DG in 2002 had not played a role in the risk for DG back in 1992. In 
other words, the same genes, but largely different environments, contributed to DG 
risk in 1992 versus 2002 in these middle-aged men.

The other major twin study of DG was based on a sample of 2889 twin pairs 
(1875 complete and 1014 incomplete pairs) from the national Australian Twin 
Registry. It differed from the previous US study in several ways: the geographic 
location, the inclusion of women and opposite-sex twin pairs, the data collection 
occurring 10+ years later, and the use of multiple measures of DG. Despite these 
differences, the estimates of genetic and environmental influences contributing to 
the risk for DSM DG were quite similar in the two studies (see Table 5.1). Perhaps 
of most interest were the similar estimates of genetic and environmental contribu-
tions to DG risk in women and men.

The Australian twin study also incorporated an alternate measure of DG, based 
on the South Oaks Gambling Screen (SOGS [10]). For many years, this was the 
most commonly used measure in epidemiologic surveys of DG and is still widely 
used in treatment settings. There has been a great deal of debate about the relative 
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merits and weaknesses of the two operationalizations of DG. Although many of the 
SOGS items are not found in the DSM assessment, symptom scores based on the 
DSM and SOGS are highly correlated with each other. In the Australian twin study, 
the estimates of genetic and environmental influences in DG risk were similar for 
the DSM and SOGS (see Table 5.1), and the correlation between the genetic and 
environmental risk factors for DSM- and SOGS-defined DG was rA  =  0.86 and 
rE = 0.54, respectively [11]. This is important because it suggests that the two mea-
sures are largely tapping into the same genetic sources of variation in DG.

A smaller-scale twin study used a novel web-based approach to recruit partici-
pants. A website was created that allowed cooperating dyads (including twins) to 
complete a survey that included an assessment of DG. In addition to monozygotic 
and dizygotic twin pairs, there were also non-twin sibling, parent-offspring, partner, 
spouse, and friend pairs included in the sample. All of these dyads were signifi-
cantly correlated for DG. Of particular interest is that the non-genetically related 
dyads such as spouses and friends were in many cases as strongly correlated as 
genetically-related dyads such as dizygotic twin, parent-offspring, and siblings 
[26]. The similarity of spouse and friendship dyads suggests a role for processes 
such as social selection or social influence (or both). Formal biometric models were 
fit to the data from the twin and siblings pairs [12]; the majority of the 609 twin 
pairs were same-sex female pairs (72%), monozygotic (72%), and White/Caucasian 
(85%), and most were 18 years of age or older (85% [26]). The results of these 
model- fitting analyses are also presented in Table 5.1.

The most recent study was based on two waves from the longitudinal Minnesota 
Twin Family Study. The participants were 756 male and female same-sex twin pairs 
identified from state of Minnesota records of births occurring from 1978 to 1982. 
The twins were first assessed at age 11 and were regularly followed up through age 
29. The participants completed past-year assessments of gambling problems at ages 
18 and 25. The participants reported very few gambling problems at either age—the 
mean number of problems on a 12-item scale from the South Oaks Gambling Screen 
Revised for Adolescents [13] was 0.39 at age 18 and 0.36 at age 25. The estimates 
of the contribution of genetic influences to gambling problems were much lower in 
this cohort than in the previous studies listed in Table 5.2. This may be due to the 
youth of the sample but also may be due the narrower past-year assessment of gam-
bling problems and the sparseness of the data. The authors also report the results 
from analyses of several measures of non-pathological gambling involvement, 
which is discussed in Sect. 5.6.

Although the studies are few in number, they largely tell the same story: there are 
significant and substantial genetic and unique environmental influences contribut-
ing to DG liability and less evidence for common environmental influences. These 
findings should come as no surprise, because they are completely consistent with 
Turkheimer’s [34] “Three Laws of Behavior Genetics.” Turkheimer’s “First Law” 
of behavior genetics is “all human behavioral traits are heritable.”2

2 The second law is “the effect of being raised in the same family is smaller than the effect of the 
genes,” and the third law is “a substantial portion of the variation in complex human behavioral 
traits is not accounted for by the effects of genes or families.”
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5.4  Twin Studies of Disordered Gambling Comorbidity: 
Specific and Non-specific Genetic Risks

Individuals with a history of DG are likely to suffer from other psychiatric disor-
ders. Significant associations have been observed between lifetime DG and every 
other disorder assessed in the largest psychiatric epidemiologic survey conducted to 
date [35]. The strongest associations were with the substance use and personality 
disorders, but there were also substantial associations with mood and anxiety 
disorders.

Multivariate twin modeling has been applied to the question of DG comorbidity. 
The logic of multivariate twin modeling is similar to that of univariate twin model-
ing (the analysis of a single trait). With multivariate twin modeling, one is interested 
in the cross-trait as well as the within-trait similarity. For example, one might exam-
ine the within-pair similarity of a diagnosis of DG in one twin with alcohol use 
disorder in the other twin. If the MZ cross-trait cross-twin similarity is greater than 
the DZ cross-trait cross-twin similarity, then one infers that genetic factors are con-
tributing to the association between DG and alcohol use disorder. In other words, 
there is at least one gene that is a risk factor for both DG and alcohol use disorder. 
If the DZ cross-trait cross-twin similarity is greater than half the MZ cross-trait 
cross-twin similarity, then one infers that shared environmental factors are contrib-
uting to the association between DG and alcohol use disorder. Unique environmen-
tal factors are implicated when the MZ cross-trait cross-twin similarity is less than 
the within-twin correlation between DG and alcohol use disorder.

A series of multivariate twin modeling analyses using data from the Vietnam Era 
and Australian twin studies have suggested that DG may have common genetic 
underpinnings with the substance use disorders, including alcohol [22–24], nico-
tine, cannabis, and stimulant use disorders ([29]; see Table 5.2). Also consistent 
with the epidemiologic evidence is the substantial genetic overlap between DG and 
antisocial behavior disorders [30]. Given the substantial comorbidity between sub-
stance use and antisocial behavior disorders, these models were elaborated to deter-
mine whether the genetic overlap between DG and alcohol use disorders and 
between DG and the antisocial behavior disorders was being driven by the same or 
distinct sets of genetic risk factors. When both adult antisocial personality disorder, 
childhood conduct disorder, and DG were included in the same model, about one- 
quarter of the genetic variation in the risk for DG was explained by genetic influ-
ences on antisocial behavior disorders that were onboard in childhood (via their 
influence on childhood conduct disorder). These genetic influences in the risk for 
antisocial behavior disorders also completely explained the genetic association 
between alcohol dependence and DG [24]. This study suggests that DG, antisocial 
behavior disorders, and alcohol dependence have common genetic influences that 
are already manifested in childhood. The most likely explanation for these findings 
is that there are susceptibility genes that are common to these disorders.

Although DG is often pigeonholed as an externalizing disorder, significant 
genetic associations between DG and internalizing disorders such as major depres-
sion [31] and obsessive-compulsive disorder features [32] have also been reported 
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(see Table 5.2).3 Factor analyses of diagnostic data from a large representative epi-
demiologic survey suggested that DG loaded onto a higher-order “externalizing” 
factor, along with alcohol dependence, drug dependence, and antisocial personality 
disorder [36]. However, the factor loading of DG onto this externalizing factor was 
relatively low, and among women, DG also appeared to load onto the “anxious-
misery” factor (a subfactor of a higher-order “internalizing” factor). Clearly, more 
research is needed to accurately characterize the specific and non-specific risk fac-
tors for DG and other addictive and nonaddictive disorders.

Again, the finding of significant genetic correlations between DG and comorbid 
disorders should come as no surprise. Plomin et al. [37] have commented on the 
robust finding that correlations between psychological traits, including psychopa-
thology, are usually at least partially genetically mediated: “More than 100 twin 
studies have addressed the key question of comorbidity in psychopathology, and 
this body of research also consistently shows substantial genetic overlap between 
common disorders” [37]. Future directions for genetic research on DG comorbidity 
will be to test more extensive biometric models that consider more than two or three 
traits at a time (e.g., [38]) and to examine comorbidity at the level of measured 
genes, rather than at the level of latent aggregated genetic risk estimated in a twin 
study (e.g., [39]). For example, there is recent molecular genetic evidence from a 
genome-wide association study (described below) confirming the genetic overlap 
between DG and alcohol use disorder [40].

5.5  Molecular Genetic Research on Disordered Gambling: 
Finding the Genetic Risk Factors

The evidence from twin studies (reviewed above) has consistently demonstrated an 
important aggregate influence of genetic factors in the risk for DG among both men 
and women. One of the major challenges ahead will be to identify the specific indi-
vidual genetic variants that confer this risk. Research into the genetic underpinnings 
of DG is lagging far behind other mental health disorders.

Candidate genetic association studies. To date, there have been 16 published 
candidate gene association studies based on nine distinct samples, including a total 
of 2740 participants and focusing on 43 different candidate genes (selected from the 
~20,000 genes found in the human genome). This (albeit limited) research base has 
not yet led to any consistent, replicated findings (for reviews, see [22, 23, 41, 42]). 
A summary of the results of candidate gene association studies of DG is presented 
in Table 5.3. Although there are too few studies to draw any conclusions, the dopa-
mine D3 receptor gene is of particular interest because the most recent positive 
finding in humans was replicated in a rat model [49].

3 Giddens et al. (2011) reported genetic associations of DG with generalized anxiety and panic 
disorder. However, because there were too few doubly concordant twin pairs to estimate the dizy-
gotic twin correlations, the genetic correlations may have been misestimated.
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A unique investigation of a small sample of 139 DG patients and 139 
DG-unaffected controls assessed the aggregate effect of 16 (selected from a larger 
set of 31) candidate genes primarily related to the dopaminergic, serotonergic, and 
noradrenergic systems [57]. The portion of variation in DG explained by the com-
bined effect of four dopamine genes (DAT1, DRD1, DRD2, DRD4), four serotonin 
genes (5-HTT, 5-HT2c, TDO2, TPH), and three norepinephrine genes (DBH, 
ADRAC2, COMT) was 8%, 7%, and 8%, respectively, and the overall portion of 
variation in DG explained by the full set of 16 genes was 21%.4 This early study 
presages more recent efforts that have successfully used the results from large-scale 
genome-wide association studies to create polygenic risk scores that are signifi-
cantly associated with important outcomes, such as nicotine dependence [58] in a 
completely distinct target sample [59].

Genome-wide association studies. Partially in response to the disappointing 
yield from targeted candidate gene association studies, psychiatric genomics has 
largely moved on to hypothesis-free approaches that interrogate the entire genome. 
To date, there have been two published genome-wide association studies (GWAS) 
of DG [40, 60]. As expected given their small sample sizes, there were no genome- 
wide significant SNPs (single nucleotide polymorphisms) or genes detected [40, 
60]. There were, however, a number of novel “suggestive” associations detected in 
both samples that invite further investigation.

The first ever genome-wide study of DG was conducted using data from the 1312 
participants in the Australian twin study that had provided a DNA sample for geno-
typing [60]. A quantitative DG phenotype was based on a factor score extracted 
from an analysis of the ten DSM diagnostic criteria, the 20 SOGS items, and four 
additional items related to the frequency and diversity of gambling involvement. 
There were 2,381,914 SNPs available for the analysis, either based on direct geno-
typing or imputation based on haplotype information.

A standard analysis failed to identify any SNPs that surpassed the stringent 
threshold for genome-wide significance (p = 7.2 × 10-8) in their association with 
DG, but there was suggestive evidence (p = 1 × 10-5) for six novel associations: one 
SNP in or near the metallothionein IX gene (MT1X), two SNPs in or near the very 
low-density lipoprotein receptor gene (VLDLR), one SNP in or near the ataxin-1 
gene (ATXN1), and two SNPs in or near the frizzled-10 (FZD10) gene. Another 
level of analysis grouped SNPs together based on their proximity to known genes; 
this test also failed to identify any genes that surpassed the threshold of significance 
with a correction for multiple tests (p = 2.8 × 10–6). None of the 50 genes that were 
the most strongly associated with DG in the GWAS had been included in previous 
candidate gene association studies of DG.

The next level of analysis focused on the significance of sets of genes. The set of 
16 genes studied by Comings et al. [57], along with eight additional genes impli-
cated in dopamine-agonist-induced DG, were scrutinized (see “Another clue to the 
genetic basis of gambling disorder”). Again, none of the 24 genes surpassed the 

4 These large estimates are interesting but implausible given what we now know based on the 
results of genome-wide association studies of complex disorders.
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threshold of significance with a correction for multiple tests (p < 0.0021), but there 
were two that yielded a p-value <0.05—the alpha-2c adrenergic receptor gene 
(ADRAC2) and the cyclic adenosine monophosphate responsive element-binding 
protein 1 (CREB1). (ADRAC2 was the gene most strongly associated with DG in the 
previous study by Comings et al. [57].) Additionally, a follow-up analysis demon-
strated that the combined set of 24 genes were significantly associated with DG 
compared to randomly selected 24 gene sets (p = 0.017). This candidate gene set 
appeared to be enriched with DG susceptibility genes of small effect.

Consistent with the findings from the twin research on DG comorbidity, there 
were also three known neurobiological pathways (synaptic long-term potentia-
tion, gonadotropin-releasing hormone signaling, and gap junction) that har-
bored an excess of genes of small effect that were previously implicated in 
alcohol and substance use disorders [61]. Synaptic long-term potentiation is the 
experience- dependent strengthening of synaptic transmission that is essential 
for synaptic plasticity, considered to be important in learning and memory and 
which underlies neural adaptation to substances of abuse [62]. This mechanism 
is thought to occur in the mesolimbic dopamine pathway, a putative brain reward 
circuit that may be a common pathway through which many substances such as 
alcohol and behaviors such as gambling have their rewarding effects and poten-
tial for addiction [63].

A weakness of the previous DG GWAS is that the sample included many indi-
viduals with mild gambling problems, which may have hampered efforts to detect 
significant genetic associations. A more recent GWAS was based on a sample of 
445 cases who met the full DSM DG diagnostic criteria, most of whom were receiv-
ing treatment for the disorder (including 280 receiving inpatient treatment), and 986 
DG-unaffected controls [40]. Because the cases and controls had been genotyped on 
different platforms, a consensus set of 595,867 SNPs were used in the analyses.

Like the previous GWAS of the quantitative disorder gambling trait, there were 
no SNPs or genes that achieved genome-wide significance, none of the top hits cor-
responded to the top hits from the previous GWAS, and there was not a significant 
association between DG diagnoses and polygenic risk scores empirically derived 
from the prior GWAS [40]. When the results were compared to published findings 
of previous candidate gene association studies, none of the previous candidate genes 
achieved genome-wide significance, although there were SNPs in the DAT1, DRD3, 
5-HT2a, and CAMKD genes that had small p-values. There were three known neu-
robiological pathways (Huntington’s disease, AMPK signaling, and apoptosis) that 
harbored an excess of genes of small effect, although they differed from the path-
ways identified in the previous GWAS [60]. The role of these neurobiological pro-
cesses is still unclear. Lang et al. [40] speculated that the neural circuits that are 
affected in Huntington’s disease are also involved in the predisposition to DG and 
may include alterations in impulsivity, sensitivity, and delay of gratification [64]. As 
noted earlier, this study provided molecular genetic evidence confirming the genetic 
overlap between DG and alcohol use disorder by predicting DG diagnoses from 
polygenic risk scores empirically derived from a previous GWAS study of alcohol 
dependence [40].
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To put the molecular genetics of DG in perspective, consider the progress in the 
molecular genetics of schizophrenia. The first significant finding for the DRD3 can-
didate gene was published in 1992, followed by 28 replication attempts and a meta- 
analysis in 1997 [65]. With the exponential increase in the number of informative 
genetic markers available after the successful completion of the Human Genome 
Project in 2002, genome-wide rather than candidate gene association investigations 
became the state-of-the-art approach to gene identification. Since the first GWAS 
study of schizophrenia was conducted including 27,085 study participants in 2009, 
the sample sizes have continued to increase to 150,064 participants in 2014 [66]. 
Note that these sample sizes were only achieved by cross-institutional collabora-
tions. The number of genetic loci has correspondingly increased from 3 to 108; 
importantly, 77% of the loci detected had not previously been reported, that is, they 
were not the usual neurobiological suspects [67]. The DRD3 gene was not impli-
cated in the most recent GWAS of schizophrenia [68].

In addition to uncovering novel genetic risk factors, additional benefits of large- 
scale genome-wide investigations have been to confirm that complex disorders 
(such as schizophrenia and DG) are due to the influence of many genes of very 
small effect [37, 67] and to identify important networks or pathways of genes. The 
focus on networks of genes acting in concert is more true to life than focusing on 
individual genes acting in isolation [67]. Although the results of the pathway analy-
ses presented in Lind et al. [60] and Lang et al. [40] may not always easily map onto 
established DG findings, they should be considered an enigma to potentially be 
decoded by future investigators.

Another clue to the genetic basis of gambling disorder. Perhaps the strongest clue 
to unraveling the genetic underpinnings of DG comes from a series of reports on the 
incidence of DG among individuals with Parkinson’s disease (e.g., [69]) and rest-
less legs syndrome (e.g., [70]) who were being treated with a dopamine agonist 
medication (that typically demonstrate relative selectivity for dopamine D3 recep-
tors) in combination with or without levodopa (an amino acid precursor of dopa-
mine that shows greater selectivity for dopamine D1 and D2 receptors), whose DG 
usually resolved with the discontinuation of the dopamine agonist therapy [70, 71]. 
These correlational findings are supported by experimental evidence from studies of 
rats and humans demonstrating that administration of a dopamine D2/D3 selective 
receptor agonist [72] or the administration of levodopa in the presence of the 4/7 
DRD4 genotype [73] increases gambling-like behaviors in the laboratory.

Endophenotypes for gambling disorder. Progress in the search for susceptibility 
genes for DG will involve a better understanding of the genes that are involved in 
processes that are causally upstream from DG. The identification of potential endo-
phenotypes [74], or intermediate phenotypes [75], initially comes from a variety of 
methods but eventually must be validated using evidence from family studies (to 
establish that it is also present among individuals unaffected but at risk), twin stud-
ies (to establish a genetic association with DG), and longitudinal studies (to estab-
lish that it is independent of DG status). The literature on DG contains a number of 
promising potential DG endophenotypes (many covered in this volume), including 
decision-making [76] and neural systems [77]. None of these have been evaluated 
as endophenotypes for DG using family, twin, or longitudinal studies.
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Research on endophenotypes aligns well with the National Institute of Mental 
Health Research Domain Criteria (RDoC) initiative [78]. This initiative was meant to 
encourage research on more fundamental biobehavioral, transdiagnostic dimensions. 
The transdiagnostic perspective of the RDoC is consistent with the substantial genetic 
overlap observed between psychiatric disorders (discussed above with respect to DG) 
and suggests that many of the endophenotypes identified for comorbid disorders will 
also apply to DG. For example, impulsivity and compulsivity have been proposed as 
endophenotypes for several disorders [79], and resting EEG and visual P300 event-
related potentials have shown promise as endophenotypes for substance use disorders 
[80]; these might also warrant investigation as endophenotypes for DG.

5.6  Development of DG: The Roots of DG

Like other addictive disorders, DG requires that one passes through a series of 
stages, including the initiation of participation in gambling activities and the pro-
gression to regular involvement, prior to the eventual development of DG symp-
toms. Thus, genetic susceptibility for DG will also include those genes related to 
individual differences in these earlier stages. In Table 5.4 is a summary of the twin 
studies that have focused on these earlier stages of gambling behavior.

The progression through these stages of gambling involvement often mirrors the 
progression through stages of development of the individual, that is, from adoles-
cence into adulthood. Comparing the results of twin studies conducted among ado-
lescent [14, 17], emerging-adult [14, 18], young-adult [20], and middle-aged-adult 
[12, 19] samples raises the possibility that there may be differences in the contribu-
tions of genetic and family environmental factors to variation in gambling involve-
ment across the life span. In particular, genetic factors appear to play an increasing 
role at later developmental stages and also at later stages of gambling involvement 
progression (i.e., from initiation to frequency of use to gambling disorder). This 
aligns nicely with findings from the substance use literature demonstrating that the 
contribution of genetic influences increases and the contribution of shared environ-
mental influences decreases with age [81] and stage of involvement [82].

A longitudinal twin study that measured the frequency of gambling, amount spent 
when gambling, and gambling problems at ages 18 and 25 [14] was able to directly 
test these ideas about different contributions of genetic and environmental influences 
at different ages and stages of gambling involvement. When considered individually, 
there appeared to be a larger contribution of genetic and a smaller contribution of 
shared environmental influences at age 25 than at age 18 (see Table 5.4 for the maxi-
mum spent and gambling frequency results). On the other hand, this pattern did not 
emerge for the stages of gambling involvement progression, that is, from the fre-
quency of gambling to gambling problems (the gambling problem results are pre-
sented in Table 5.1). The contributions of genetic, shared, and unique environmental 
factors were also estimated for latent gambling factors that were derived from com-
bined analyses of the different indicators of gambling involvement measured at ages 
18 and 25 (incorporating measures of both non- problem and problem gambling 
involvement [14]). The contribution of genetic factors to these latent gambling 
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factors was much greater (0.57 versus 0.21), and the contribution of shared environ-
mental factors was much smaller (0.10 versus 0.55) at age 25 than at age 18.

Multivariate twin models have been developed to capture the stage-like nature of 
the genetic contributions to substance use disorders [83]. For example, Maes et al. 
[84] fit a three-stage model to tobacco use: from initiation to regular use to nicotine 
dependence. When examined individually, all three outcomes were substantially 
heritable. However, a trivariate analysis revealed that most of the genetic influences 
on regular tobacco use were due to genetic influences on the previous stage (tobacco 
use initiation). Similarly, most of the genetic influences on nicotine dependence were 
due to genetic influences on the previous stages (tobacco use initiation and regular 
use). Similar two-stage modeling has been applied to the progression from the initia-
tion of alcohol use to heavy alcohol use [85], from the initiation of illicit drug use to 
drug use disorder [86], and from binge eating to bulimia nervosa [87]. Application of 
such models to the stages of gambling involvement would be informative about the 
extent to which there are overlapping versus specific genetic and environmental risk 
factors for gambling initiation, frequency of gambling, and gambling disorder. Based 
on the previous research on substance use and eating disorders, it is likely that a large 
portion of the genetic and environmental risk for gambling disorder is shared with 
the genetic and environmental influences contributing to the initiation and frequency 
of gambling and that a smaller portion is specific to the risk for DG. Such a result 
would suggest that the findings from previous twin studies of DG are ambiguous; it 
is not clear how much of the genetic variation is specific to the progression to DG 
versus the genetic variation associated with the uptake of and regular involvement in 
gambling. Disentangling and understanding these different sources of genetic varia-
tion will provide a more complete picture of the underpinnings of DG.

Two more points about the results presented in Table 5.4 are worth noting. First, 
the only gambling behavior in which a sex difference in the contribution of genetic 
factors has been established is in the age of gambling initiation, wherein genetic 
factors significantly contributed to variation among men but not among women, and 
shared environmental factors significantly contributed to variation among women 
but not among men [16]. This suggests that familial context exerts greater influence 
over females’ than males’ decision to initiate gambling. This leads to the second 
point. Although it’s hard to draw conclusions from so few studies, it appears that the 
estimates of the contribution of genetic factors may be higher in Australia than in 
the United States. This may be because the main driver of gambling in the United 
States is differences in availability; when availability is more ubiquitous, such as in 
Australia, genetic differences will be more likely to be expressed.

5.7  Environment: An Important Piece of the Puzzle

The fact that monozygotic twins are not perfectly correlated for DG5 is an indication 
that, in addition to genetic factors, environmental factors are also important in the 
development of DG.  Other evidence comes from cross-national variation in the 

5 The monozygotic twin correlations for DG in the Vietnam Era and Australian twin studies ranged 
from r = 0.48 to 0.63 [6, 9, 11].
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prevalence of DG [88] and within-national differences across regions within the 
United States [35, 89]. These cross-national and cross-state differences suggest that 
the environment plays an important role in the etiology of DG. Table 5.5 includes a 
list of putative environmental factors that have been studied in relation to DG.

These are considered “putative” environmental factors because the extent to 
which they are truly environmental has not been empirically established. One can 
establish that a risk factor is truly environmental by examining whether the relation 
between a risk factor and DG persists after controlling for genetic factors or by 
examining whether the risk factor is heritable. In the right column of Table 5.5 are 
listed four genetically informed studies that have tackled this issue. These four stud-
ies are briefly reviewed below.

First, experiencing maltreatment as a child appears to have far-ranging effects in 
adulthood [114], including suffering from DG [115]. When examined within a 
genetically informed discordant monozygotic twin design in the Vietnam Era twin 
study, however, the established relations between DG and having a history of being 
molested, physically abused, or seriously neglected as a child were nonsignificant 
[94]. In other words, the twin who had experienced maltreatment was not more 
likely to later develop DG than the identical cotwin who did not experience mal-
treatment. This suggests that the association may be due to genetic or environmental 
differences between families that are related to both exposure to maltreatment and 
the risk for DG.

Table 5.5 Putative environmental risk factors associated with disordered gambling

Environment Nongenetically informed studies
Genetically 
informed studies

Non-specific risk factors
Childhood maltreatment 
(neglect, abuse)

Afifi et al. [90], Black et al. [91], 
Hodgins et al. [92], Petry et al. [93]

Scherrer et al. [94]

Stressful life events Blanco et al. [95]
Poverty Welte et al. [96]
Neighborhood disadvantage Barnes et al. [97], Martins et al. [98], 

Pearce et al. [99], Welte et al. [100]
Slutske et al. [101]

Gambling-specific risk factors
Exposure to parental 
gambling

Gupta and Derevensky [102], Oei and 
Raylu [103]

Slutske et al. [104]

Exposure to peer gambling Fortune et al. [105], Meisel et al. [106]
Early age of gambling 
initiation (early exposure)

Lynch et al. [107], Kessler et al. [108] Slutske et al. [109]

Exposure to gambling 
advertising

Derevensky et al. [110], Planzer et al. 
[111]

Proximity to casino Gerstein et al. [89], Welte et al. [100]
Density of gambling outlets Pearce et al. [99], Storer et al. [112], 

Slutske et al. [101]
Number of legal forms of 
gambling in a region

Planzer et al. [111], Welte et al. [113]
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Second, it has been suggested that being exposed to parental gambling role mod-
els might lead offspring to be more likely to take up the habit [102, 103]. This is a 
mechanism that has been proposed to explain why DG runs in families. When 
examined within a genetically informed discordant twin design in the Australian 
twin study, however, the twin affected with DG was not significantly more likely to 
have gambled with the parents than was the unaffected cotwin, and the same was 
true for twins discordant for frequent gambling [104]. This suggests that the familial 
transmission of DG is probably due to something other than modeling of parental 
gambling.

Third, beginning to gamble at a young age is commonly cited as an important 
risk factor for DG (e.g., [116]), and there is some empirical evidence to support this 
[107, 108]. When examined within a genetically informed discordant twin design in 
the Australian twin study, however, the twin who had initiated gambling at an earlier 
age was not more likely to later develop DG than the cotwin who initiated gambling 
at a later age [109]. Again, this suggests that the association may be due to genetic 
or environmental differences between families that are related to both early gam-
bling initiation and the risk for DG. Beginning to gamble at a younger age may be a 
marker of genetic risk for DG, rather than a direct cause of DG.

Fourth, a number of studies have reported an association between living in a 
disadvantaged neighborhood and suffering from DG [97–100]. It may come as 
a surprise to some, but living in a disadvantage neighborhood is partially heri-
table [101, 117, 118]. For example, in the Australian twin study, the level of 
neighborhood disadvantage where adult twins lived was correlated with the 
level of neighborhood disadvantage where the cotwin lived: r  =  0.46 among 
monozygotic and r = 0.32 among dizygotic twin pairs. When standard biometric 
twin models were fitted to these data, genetic, shared environmental, and unique 
environmental factors explained 25%, 20%, and 55% of the variation in expo-
sure to neighborhood disadvantage, respectively. Consistent with previous stud-
ies, there was a significant association between living in a disadvantaged 
neighborhood and DG (and the frequency of gambling). These modest associa-
tions were mostly explained by genetic factors that were related to exposure to 
neighborhood disadvantage [101].

These four examples illustrate the danger of making assumptions about mea-
sures of the environment, because many of them are partially heritable [37, 119]. It 
is important to recognize that life is not an experiment in which environments are 
randomly assigned to people. Rather, our environments (a) arise from genetically 
influenced choices based on our abilities, interests, talents, and proclivities, (b) are 
evoked based on reactions of others to our genetically influenced characteristics, 
and (c) are inherited along with our genes from our parents. Because environmental 
factors are as important as genetic factors in the etiology of DG, they deserve as 
much research attention. Unfortunately, establishing that a risk factor is environ-
mental requires more sophisticated research designs (such as natural experiments, 
treatment studies, and genetically informed designs; see [120]) than have typically 
been employed in the study of DG.
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5.8  Gene-Environment Interplay: Putting the Pieces 
Together

The examples listed above also illustrate the idea of one form of gene-environment 
interplay, that is, gene-environment correlation (see Fig.  5.1). Gene-environment 
correlation is the process by which one’s genetic predisposition affects the likeli-
hood of being exposed to environmental risks [121, 122]. One way that this occurs 
early in life is when we inherit from our birth parents both our genes and our rearing 
environments. Gene-environment correlation makes the interpretation of associa-
tions between parental behavior and offspring outcomes ambiguous because genes 
and environments are confounded with each other. For example, one can simultane-
ously inherit from one’s parents a genetic predisposition to develop DG along with 
an environment in which gambling behavior is modeled. One natural experiment in 
which genes and environments are “un-confounded” is an adoption study in which 
birth parents provide genes and adoptive parents provide environments. An associa-
tion between adoptive parent gambling behavior and adoptee gambling would pro-
vide strong support for a social modeling interpretation.

In addition to modeling gambling behavior, there is research suggesting that parents 
with a gambling disorder may be more likely to abuse or neglect their children [115]. 
Therefore, it is also possible that one can simultaneously inherit from one’s parents a 
genetic predisposition to develop DG along with an environment in which there is 
abuse or neglect. Gene-environment correlation can also occur later in life through a 
more active process whereby one seeks out or creates environments based on genetic 
propensities. This can apply to who we choose as friends, who we marry, the activities 
that we select (that might expose us to stresses), and where we choose to live.

In addition to genetic and environmental effects being correlated with each other, 
the effects of genes and environments can also interact. Gene-environment interac-
tion is the process by which one’s genetic predisposition affects one’s sensitivity to 
environmental risks ([123–125]; see Fig. 5.2). That is, one’s genotype may influ-
ence the impact of an environmental risk factor. A corollary of this is that the effects 
of genes might only be revealed in samples that are exposed to the known environ-
mental risks for a particular disorder [126]. For example, the possibility raised ear-
lier that the contribution of genetic factors to gambling frequency may be higher in 
Australia than in the United States may be due to gene-environment interaction.

Genotype

Exposure to
environmental risk factor

Disordered gambling

Fig. 5.1 Gene-environment correlation: genes controlling environmental exposure. In the figure, 
genes impact on disordered gambling indirectly by influencing the probability that an individual 
becomes exposed to an environmental risk factor
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Gene-environment correlation and interaction can be studied at the level of 
inferred aggregated genetic effects obtained from twin and adoption studies or at the 
level of measured genes from candidate gene studies or sets of genes obtained from 
a GWAS.  For example, gene-environment interaction in a twin study would be 
reflected in differences in heritabilities for an outcome observed in different envi-
ronments (e.g., [127]). Gene-environment interaction in a candidate gene associa-
tion study would be reflected in different genotype-outcome associations observed 
in different environments (e.g., [128]). Gene-environment interaction based on 
GWAS information would be reflected in different associations between polygenic 
risk scores and an outcome observed in different environments (e.g., [129]). All of 
the putative non-specific environmental risk factors listed in Table 5.5 have previ-
ously been included as environments in a large number of gene-environment inter-
action studies that have focused on a variety of outcomes such as crime and 
antisociality, depression, intelligence, and alcohol and substance use. Only one 
study has focused on gene-environment interaction and DG.

Gene-environment correlation and interaction for gambling frequency and DG 
were studied at the level of inferred aggregated genetic effects in the Australian twin 
study [101]. The environment of interest was neighborhood disadvantage, which 
was based on a census-based composite indicator of disadvantage that was matched 
to each twin’s place of residence. Consistent with previous studies [97–100], the 
frequency of gambling and the prevalence of DG were higher in more disadvan-
taged neighborhoods. For example, the prevalence of past-year DG was nearly eight 
times higher among those living in the highest decile of area disadvantage (3.3%) 
compared to those living in the lowest decile (0.4%).

After taking into account gene-environment correlation between exposure to 
neighborhood disadvantage and the gambling outcomes (described in the previous 
section), differences in the heritability of gambling frequency and DG were exam-
ined as a function of the level of disadvantage in the neighborhood where each twin 
lived. The genetic (and also unique environmental) variation in the frequency of 
gambling was greater with increasing levels of neighborhood disadvantage, and the 
same was also found for DG among women. The finding of significant gene- 
environment correlation and gene-environment interaction suggests that the genetic 

High sensitivity to
environmental risk

factor

Low sensitivity to
environmental risk

factor

Genotype Disordered
gambling

Fig. 5.2 Gene  ×  environment interaction: genes controlling environmental sensitivity. In the 
figure, genes impact on disordered gambling indirectly by making an individual more sensitive to 
the DG-ogenic effect of an environmental risk factor
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risk for excessive and disordered gambling makes one more likely to be exposed to 
settings in which there is greater disadvantage and that the genetic risk for excessive 
and disordered gambling is more likely to be actualized within settings in which 
there is greater disadvantage.

Follow-up analyses were conducted to better understand the mechanisms under-
lying this neighborhood disadvantage effect [101]. Based on previous research 
(conducted in the United States, Canada, England, New Zealand, and Australia) 
showing that there is a greater density of gambling outlets in relatively disadvan-
taged neighborhoods [99, 100, 130–132], the association between neighborhood 
disadvantage and gambling frequency and DG was examined as a function of the 
state-level density of local gambling venues in Australia. There are six states and 
two territories in Australia, and (like the United States) gambling activities and the 
gambling industry are regulated at the state level. The effects of neighborhood dis-
advantage and gambling outlet density were “pulled apart” by comparing Western 
Australia with the remainder of Australia; Western Australia has no local gambling 
venues, whereas the remainder of Australia has many. There was no association 
between neighborhood disadvantage and the frequency of electronic machine gam-
bling and DG in Western Australia, but significant associations for the remainder of 
Australia. At least in Australia, it appears that accessibility to gambling outlets plays 
a pivotal role in the neighborhood disadvantage effect.

5.9  Summary

Disordered gambling runs in families, and studies of twins suggest that this is due 
to shared genes rather than shared environments. Genetic factors in aggregate 
appear to account for about 50% of the risk for developing DG, and unique non- 
familial environmental factors in aggregate appear to account for the other 50% of 
the risk. This appears to be the case for both men and women. The specific genes 
that account for the aggregate genetic risk have not yet been identified; knowledge 
gained from over a decade of GWAS of psychiatric disorders suggests that there are 
likely to be many genes of very small effect contributing to the risk for DG. Several 
promising leads from different sources implicate the dopamine D3 receptor gene as 
one. The specific environmental factors that account for the aggregate environmen-
tal risk have also not yet been identified. There are many candidates, but none have 
been verified as being truly environmental. Some of the aggregate genetic risk for 
DG overlaps with the genetic risk for substance use disorders, antisocial behavior 
disorders, depression, and some anxiety disorders, as do the unique environmental 
risk factors. Genetic factors appear to be the primary contributor to comorbidity of 
DG with other mental disorders. In contrast to DG, common familial environmental 
factors may play a role in earlier stages in the development of DG, such as initiating 
gambling involvement and the age at which this first occurs. This might differ for 
men and women. Finally, there is evidence that the genetic risk for DG may put one 
at risk for being exposed to high-risk environments (such as living in a disadvan-
taged neighborhood with greater access to gambling outlets) and that the genetic 
risk for DG is more likely to be expressed in high-risk environments.
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5.10  Recommendations for the Way Forward

In addition to drawing out general conclusions about the contributions of genetic 
and environmental factors to the risk for DG, this review revealed many places 
where the existing research base is scant or nonexistent.6 Some of the areas in which 
there is a need for more research include: longitudinal twin studies, multivariate 
twin studies focused on identifying endophenotypes, identification of environmen-
tal risk factors, and studies of gene-environment interplay.

Longitudinal twin research would be especially informative about possible 
changes in the genetic underpinnings of DG over the life span and across the differ-
ent stages of gambling involvement. Multivariate twin research can continue to 
investigate the causes of comorbidity but could also be extended to include potential 
behavioral and neurobiological endophenotypes. The identification of potential 
endophenotypes would be especially valuable in that they might lead to more fruit-
ful targets in the hunt for DG susceptibility genes.

Behavioral genetic research can contribute as much to our understanding of the 
environmental risk factors as to the genetic risk factors for DG, but there are few 
putative environmental risk factors that have been through the lens of a genetically 
informed research design. Another area that has been nearly unexplored is the inter-
play of genetic and environmental factors. Success here will rest upon identifying 
both genetic and environmental risk factors. Gene-environment interplay should be 
examined at the molecular genetic as well as at the aggregate level, but this will 
require more progress in cataloging genotype-DG associations in GWAS.

I will conclude this chapter with four more sweeping recommendations for the 
way forward. First, the era of candidate gene association studies for gene identifica-
tion is over. It will be critical to adopt the more hypothesis-free approach of GWAS 
in order to think outside the “candidate gene box.” Progress in GWAS will require 
worldwide cooperation and collaboration of many research teams to amass the sam-
ple sizes required to detect genes of very small effect [133, 134].

Second, it has been suggested that general population epidemiologic studies of 
DG “have matured sufficiently for this strategy to be no longer fruitful” (p. 514, 
[135]). However, there would be substantial value added if such studies were to add 
biological data collection for genotyping (especially among those exposed to a 
high-risk environment) and to also include neuroimaging and neurocognitive mea-
sures (perhaps in a smaller sub-study). Eventually data from multiple studies that 
have included genotyping and neuroimaging measures could then be combined 
(e.g., [136]).

Third, although it may be infeasible for all investigators to redesign their research 
program to one that is conducted as a twin study, it may not be as difficult to also 
include same-sex close-in-age siblings (or parents) into laboratory and survey stud-
ies of DG. This approach was undertaken in a study of siblings discordant for stimu-
lant dependence in an effort to identify important endophenotypes (e.g., [137]).

6 This may partially be explained by gambling disorder research being a low priority for funding at 
the US National Institutes of Health. This might change in the future.
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Fourth, there are many good reasons to focus on continuous gambling pheno-
types, not least of which is increased statistical power [138] and the ability to con-
duct research on a disorder that is not very common. This returns us to an important 
issue that was raised at the beginning of this chapter, that is, the dimensional nature 
of psychiatric disorders, including gambling disorder. Assuming that DG is dimen-
sional at the latent liability [22, 23] and phenotypic [139] levels, studies that iden-
tify risk factors for continuous DG symptom counts will further our understanding 
of the risk factors for gambling disorder because the only differences between the 
outcomes would be that more or less (but not different) risk factors are involved. In 
addition, following the lead of previous research on substance use disorders, includ-
ing dimensional measures of normative gambling involvement such as the frequency 
or quantity of gambling in studies of DG, one can examine the extent to which the 
genetic risk for DG is in part explained by genetic influences on earlier stages in the 
gambling career.
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6.1  Introduction

Gambling or wagering on uncertain outcomes is a widespread and pervasive part of 
society, as estimates suggest that the vast majority of individuals engage in some 
form of gambling at least once a year [1, 2]. For most, gambling is a relatively harm-
less pastime, but for some individuals it can become a maladaptive compulsion akin 
to drug or alcohol addiction resulting in severe impairments in social and occupa-
tional functioning and a significantly elevated risk of suicide [3–5].

The recent reclassification of gambling disorder (GD) as an addictive disorder in 
the DSM-V reflects a growing recognition that the phenomenology underlying both 
behavioural and substance addictions may best be considered as equivalent (see [6, 
7] for review). However, GD could arguably be conceptualised as a ‘pure’ addic-
tion, in that the behavioural perturbations observed within GD are not accompanied 
by ingestion of a psychoactive substance. Consequently, a more complete under-
standing of GD could offer insight into the motivation underlying the commence-
ment of substance addiction, particularly as precipitating vulnerabilities may be 
obfuscated in drug addicts following the ingestion of psychoactive substances. 
Problem gambling may therefore offer an ideal platform from which to make infer-
ences about the development of the cycle of addiction, both cognitively and neuro-
biologically, independent of any changes induced by the pharmacological actions of 
drugs themselves [8]. However, problematic engagement with gambling in humans 
is often co-morbid with affective and substance use disorders, making it difficult to 
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truly remove confounds relating to drug use and other psychiatric issues when 
examining behaviour [9]. In this regard animal models may offer a solution, in that 
they offer an invaluable opportunity to elucidate the underlying neurobiological 
underpinnings of GD without the issues of causality that are endemic to human 
research. Animal models with sufficient face, construct and predictive validity may 
not only aid in a better understanding of GD but also facilitate the development of 
more efficacious treatment options.

However, whether an animal model can completely encapsulate disease states 
where the aetiology is likely complex and multifactorial, such as addictive disor-
ders, is unclear. Such a consideration is especially pertinent in the case of GD, given 
that there are a wide range of gambling games that appeal to demonstrably differing 
demographics [10]. Consequently, the motivation and the associated neurobiologi-
cal sequelae promoting the formation and persistence of gambling engagement are 
likely to be diverse. As such, considering different gambling games as potentially 
subject to independent expression and regulation, rather than assuming a universal 
pro-gambling phenotype, may be a more efficacious starting point for exploring risk 
factors for the development of GD.  Moreover, such an approach is in line with 
emerging diagnostic frameworks [11, 12]. To that end animal models that capture 
different facets of dysfunction commonly observed in GD may be useful in delin-
eating a conceptual framework of precipitating vulnerabilities towards differing 
forms of gambling.

A number of factors may contribute to the formation and maintenance of prob-
lem gambling in human populations, such as the increased presence of cognitive 
biases or distorted beliefs regarding the outcome of uncertain events [13, 14], 
increased levels of impulsivity [15–20], perturbations in cost-benefit decision- 
making [21–23] and augmented cue reactivity [24–27]. Importantly, all of these 
processes can be modelled in animals. Therefore, this chapter will initially discuss 
findings indicating that rats, like humans, are susceptible to cognitive biases that 
may facilitate continued gambling engagement. Subsequently we will briefly dis-
cuss multiple paradigms that can be used to measure impulsivity and touch upon a 
potential role for increased compulsivity in the development of GD. Relatedly, we 
will also examine several rodent models of decision-making, wherein perturbations 
in cost-benefit judgements cannot be attributed to a rise in impulsivity—indicating 
that these two constructs may represent differing vulnerabilities towards the devel-
opment of GD. Lastly, we will examine increased cue reactivity and how that might 
contribute towards problem gambling.

For the sake of brevity, we will restrict this discussion to the use of tasks that 
utilise rodents, as rodent models have been more widely used for both neural and 
pharmacological characterisation studies. Moreover, all of the tasks discussed 
herein utilise computer-controlled operant chambers, as the use of such apparatus 
minimises inter-experimenter variation and allows for multiple behavioural mea-
surements as well as rigid parameter control through greater automation. All the 
tasks discussed here can be run in standard five-hole operant chambers. These 
chambers contain an array of five response apertures on one wall, each fitted with 
an infrared beam capable of detecting nose-poke entries. Along the opposite wall, 
two retractable levers or other manipulanda can be installed, typically positioned on 
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either side of a food tray into which sugar pellets are delivered via an external dis-
penser. The paradigms discussed herein are not intended as an exhaustive list, but 
simply highlight a number of tools that may be beneficial in providing a quantitative 
measure of several facets of gambling-related behaviour.

6.2  The Rodent Slot Machine Task

There are numerous forms of cognitive biases or distortions within gambling; 
indeed these perturbations are not only used to probe the severity of problem gam-
bling, but their continued presence following treatment can reliably predict relapse 
[28–31]. Broadly it appears that rats, like humans, are susceptible to similar biases 
and distortions (see [32] for a more complete discussion of these biases). Here we 
intend to focus on one particular distortion that is modelled using the rodent slot 
machine task (rSMT). Behaviour on the rSMT has consistently demonstrated that 
the presence of multiple reward-related stimuli presented within a compound stimu-
lus array generates the expectation of future reward [33]. Put more simply, rats like 
humans appear susceptible to the near-miss effect. Near-misses are unsuccessful 
outcomes that are visually proximal to a win, such as matching two out of three 
items on a slot machine payline. Subjectively near-misses are experienced as aver-
sive [34], but these sorts of trials reliably promote continued game play, fostering 
beliefs of mastery and that winning outcomes are imminent [35–37]. Near-misses 
have garnered considerable attention as a cognitive distortion in human gamblers 
and have been suggested to make a key contribution to the particularly virulent form 
of gambling often associated with slot machines and other electronic gaming 
machines (EGMs) (see [38] for discussion). EGMs such as slot machines are often 
reported as the primary game of choice by patients presenting for treatment for GD, 
and these individuals also show the shortest latency between the onset of recre-
ational play and the development of problematic engagement [39–41].

Imaging studies have demonstrated that near-misses operate in a qualitatively 
similar way to winning outcomes and enhance activity within frontostriatal circuitry 
and midbrain reward-related areas [34, 42, 43]. Such data intimate that near-misses 
promote a positive reward signal encoded by dopaminergic circuits. Dopamine neu-
rons in the midbrain will fire in response to a primary appetitive stimulus, but if this 
stimulus is preceded with a cue that predicts its appearance, then these neurons will 
instead respond to this conditioned stimulus (see [44] for discussion). Aberrant 
dopaminergic signaling is a key component of drug addiction and has been sug-
gested to drive the maladaptive attributions of salience to drug-paired cues that 
facilitate addiction [45]. Near-misses may be such an associative stimulus due to 
their structural proximity to a win; thus these sorts of trials may be able to evoke the 
representation of a win even in the absence of any reward. Although a definitive role 
for dopamine is currently unclear, there is general evidence that dopamine dysfunc-
tion may contribute towards problem gambling [46]. For instance, administration of 
the psychostimulant amphetamine, which potentiates the actions of dopamine, has 
been shown to increase motivation to gamble in problem gamblers [47]. Also, poly-
morphisms of both the dopamine D2 and D4 receptors have been associated with 
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increased prevalence of GD [48–52]. Lastly, a key role for dopamine in the pathol-
ogy of behavioural addictions has been demonstrated by the iatrogenic GD that 
occurs in a small but significant subset of patients with Parkinson’s disease (PD) 
[53] which arises de novo typically following adjunctive therapy with D2-like ago-
nists and generally abates following the cessation of these treatments [54].

The rSMT was designed specifically to function as an analogue of a simple slot 
machine. During the rSMT animals respond to a series of three flashing aperture 
lights, similar to the three wheels of a slot machine, and nose-poke responses in 
each hole cause the light to set to on or off. A win is signaled by all three lights set-
ting to on, whereas any other light pattern indicates a loss. At the end of a trial, the 
animal chooses between the ‘collect’ lever, which delivers ten sugar pellets on win-
ning trials, but a 10-s time-out penalty on losing trials, and the ‘roll’ lever which 
allows the animal to begin a new trial immediately. Similar to human gamblers, rats 
appear to exhibit a near-miss-like effect, responding on the collect lever signifi-
cantly more when two out of three lights are illuminated. These sorts of trials there-
fore seem able to generate the expectation of reward, even after extensive training.

Reward expectancy on the rSMT is critically modulated by the dopamine D2-like 
receptor family. Systemic administration of the D2-like agonist quinpirole augments 
animals’ expectations of reward, producing a robust increase in erroneous attempts 
to collect reward on nonwinning trials [33]. The D2-like family contains D2, D3 and 
D4 receptors, and of these the D4 receptor appears to play the most crucial role in 
mediating performance on the rSMT. Systemic administration of a highly selective 
D4 receptor agonist impairs performance in a similar manner to quinpirole, whereas 
a D4 receptor antagonist decreased erroneous collect responses [55]. Thus, a D4 
agonist impairs, whereas an antagonist improves, animals’ ability to differentiate 
winning from nonwinning outcomes on a simple slot machine, ostensibly through 
modulating animals’ responsivity to reward-salient information. Unlike other mem-
bers of the D2-like family, D4 receptors are located predominantly in prefrontal cor-
tical areas engaged with higher-order cognitive processes and as such represent an 
intriguing target for modulating gambling-related behaviour [56]. Such a supposi-
tion has been bolstered by recent findings demonstrating that targeting prefrontal 
regions relatively rich in D4 receptors such as the anterior cingulate cortex (ACC) 
and insular cortex also alters performance on the rSMT [57, 58].

The rSMT has highlighted a potential role for D4 receptors in controlling salience 
attribution to reward-related stimuli and indicates that D4 receptor antagonists might 
be useful pharmacotherapies for GD.  However, such studies were conducted in 
healthy animals and do not address whether the rSMT can be used to model problem-
atic engagement with gambling. One issue in developing an animal model of GD is 
that, like other addictive disorders, it is broadly idiopathic. However, iatrogenic gam-
bling has been predominantly described in human patients following dopamine 
replacement therapy [53]. This particularly compulsive form of GD, along with other 
impulse control disorders (ICDs), is most often observed in patients with Parkinson’s 
disease (PD), but has also been reported in patients with restless leg syndrome, fibro-
myalgia and prolactinoma following therapeutic administration of D2-like agonists 
[59–61]. Thus these ICDs appear to arise directly as a result of the dopaminergic 
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drugs themselves, as opposed to a consequence of the neurobiological sequelae asso-
ciated with PD. Therefore, recent investigations have attempted to model this par-
ticularly compulsive form of gambling using subcutaneously implanted mini-pumps 
to chronically deliver the D2/3 agonist ropinirole to animals trained on the rSMT.

Chronic administration of ropinirole produced a robust increase in the number of 
trials animals completed and a reduction in the degree to which reward-related stim-
uli altered animals’ ongoing behaviour [62, 63]. On their face, these behavioural 
changes resemble the increased desire to gamble observed in iatrogenic GD. These 
behavioural effects were also concomitant with a dramatic and prolonged increase 
in the inactive (phosphorylated) form of GSK3β in the dorsal striatum and an 
increase in the active (phosphorylated) form of CREB in the nucleus accumbens 
(NAc) [62]. CREB and GSK3β have been implicated in a broad range of functions 
including modulating learning and memory [64–66]. Both are activated by dopa-
mine and contribute to subjective responsivity to drugs of abuse such as cocaine [65, 
67–70]. However, any role for either protein in controlling gambling-related 
decision- making has, to our knowledge, not been investigated. Targeting one or 
both of these proteins could represent a novel treatment target for iatrogenic 
GD. Interestingly, preliminary data suggests that administering the β-adrenoreceptor 
blocker propranolol, which inhibits the phosphorylation of CREB in the NAC [71], 
ameliorates the compulsive-like task engagement observed following ropinirole, 
whereas dietary administration of lithium chloride, a potent GSK3β inhibitor [72], 
had no effect on task performance [63]. Thus, there is preliminary evidence that 
propranolol may be an effective therapeutic for iatrogenic gambling, putatively as a 
result of attenuating pCREB in the NAc.

In addition to the pharmacological data highlighting a role for dopamine in con-
trolling slot machine engagement, recent data has suggested that animals that dis-
play increased ‘optimism’, in that they appear to interpret an ambiguous tone as 
more closely resembling a positive one, display impaired performance on the rSMT 
[73]. Such data may indicate that increased endorsement of other gambling-related 
cognitive biases may also confer susceptibility to increased reward expectancy and 
hint at a potential role for animal models in investigating the relationship between 
differing cognitive biases that may operate synergistically to confer vulnerability 
towards GD.

In summary, the rSMT is a reasonable facsimile of a simple slot machine. The 
task has repeatedly demonstrated that animals, like humans, are susceptible to win- 
related stimuli presented within a compound array, the so-called near-miss effect. 
Moreover, data from the rSMT suggests that D4 receptors may be critically involved 
in mediating these attributions of salience to reward-related stimuli [55, 57, 58] and 
that augmented reward expectancy in response to near-miss-like trials may be indic-
ative of other putatively pro-addictive constructs, such as optimism [73]. 
Additionally, chronic administration of D2-like agonists appears to promote a 
compulsive- like endophenotype on the rSMT, indicating this task may provide a 
model for investigating problematic engagement with gambling, and inhibition of 
pCREB within the NAC may be an efficacious starting point for treatments target-
ing iatrogenic gambling [62, 63].
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6.3  Impulsivity

Impulsivity, loosely defined as acting or making decisions without appropriate fore-
thought, can in some cases be an adaptive trait. However, in excess, impulsivity 
inevitably results in deleterious consequences and is associated with a wide range of 
neuropsychiatric disorders, including the manifestation of both substance and 
behavioural addictions [74–77]. Impulsivity is a non-unitary construct that one 
recent model has proposed constitutes a two-factor process: an inhibitory process 
and an approach impulse process [78]. The inhibitory process, or response impul-
sivity, tends to be measured by motor disinhibition or impulsive action [79]. The 
approach process includes increased reward sensitivity and is typically parametrised 
as impulsive choice. Increases in both processes may confer vulnerability towards 
GD [79]. Operant behavioural tasks measuring impulsivity have tended to be clas-
sified into two similar areas: those that measure motor impulsivity and impulsive 
decision-making. The five-choice serial-reaction time task (5CSRTT) is perhaps the 
most widely used paradigm that contains a measure of impulsive action, or motor 
disinhibition, whereas delay discounting tasks have principally been used to mea-
sure impulsive decision-making (see [80] for discussion).

The 5CSRTT was designed as an analogue of the continuous performance time 
task (CPT), commonly used in human subjects, and the 5CSRTT has even been 
back-translated in human subjects, further confirming its validity [81, 82]. The CPT 
requires participants to scan a five-digit sequence and respond to a target sequence. 
Impulsive responses occur when a participant responds prematurely to a sequence 
that appears similar to the target. Similarly, the 5CSRTT requires animals to scan a 
five-hole array in order to accurately detect a brief light presentation (typically 
0.5 s) in one of the apertures. The animal must make a ‘nose-poke’ response in the 
hole that was illuminated in order to gain food reward, thereby providing a measure 
of animals’ visuospatial attention. Responses made prematurely, before the stimu-
lus light is illuminated, generate an index of motor impulsivity [83]. The 5CSRTT 
has been widely adopted, and a significant body of work exists delineating pharma-
cological and neurobiological regulation of the task (see [83] for review). 
Amphetamine has reliably been shown to increase premature responding, an effect 
which appears principally mediated by dopamine [84]. However, amphetamine also 
affects other monoamines such as serotonin (5-HT) and noradrenaline [85], neu-
rotransmitters that also modulate impulsive responding on the 5CSRTT (see [86] for 
review). Corticostriatal circuits appear to mediate these prepotent motor responses, 
as lesions to the infralimbic (IL) region of the mPFC, ACC or OFC increase prema-
ture responding [87, 88]. Similarly, lesions of the NAc also increase premature 
responding, but only on trials immediately following an incorrect response [89].

Although the 5CSRTT is arguably the most widely adopted task that includes a 
metric of impulsive responding, two other tasks that measure distinct aspects of 
impulsive responding are worth briefly mentioning, namely, the go-no-go and stop- 
signal tasks. The go-no-go assay measures action restraint, whereas the stop-signal 
task requires animals to stop a response that has already been initiated, or action 
cancellation. Both go-no-go and stop-signal tasks generally require animals to 
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perform a specific action, e.g. lever press in response to a ‘go’ cue, but inhibit this 
action in response to a no-go, or stop cue. During go-no-go paradigms, the go and 
no-go cues are never presented within the same trial, whereas in the stop-signal task, 
the stop signal is presented after some delay following the go signal. Thus, go-no-go 
requires animals to inhibit a prepotent response—in a similar manner to the 
5CSRTT—whereas stop-signal task requires animals to withhold from making a 
response that has already been initiated. Although all of these tasks measure action 
restraint and appear superficially similar, there are key differences in both the phar-
macological and anatomical underpinnings of these tasks. Broadly, neither task 
appears to be critically mediated by dopaminergic function [90]. Serotonin deple-
tion impairs action restraint [91], whereas noradrenaline appears to be more involved 
in action cancellation [92]. However, both action restraint and action cancellation 
appear to be subserved by the OFC as well as striatal regions ([93, 94], but see [95]). 
A full discussion of these differences is beyond the scope of this chapter (see [86] 
for discussion, [96]). Rather, both tasks are mentioned here to highlight that there is 
considerable heterogeneity in the neurobiology underpinning a construct such as 
impulsivity, even within subdomains, and that differing neurotransmitter systems 
are recruited dependent on when the action inhibition signal is presented. 
Consequently, clarity regarding the cognitive process being tested must be consid-
ered when discussing findings from any behavioural test pertaining to measuring 
multifaceted constructs such as impulsivity.

Delay discounting is arguably the most widely used measure used to assess non- 
planning or impulsive decision-making. Impulsive choice on such tasks is measured 
by preference for smaller, immediately available rewards over larger delayed ones. 
The size of the reward and/or the length of the delays can be varied in order to gen-
erate a hyperbolic discounting curve. Steeper discounting curves, i.e. increased 
preference for smaller-sooner rewards, have been repeatedly shown in subjects with 
GD [18, 20, 97]. Animal models of delay discounting, like their human counter-
parts, require subjects to choose between either a small reward delivered immedi-
ately or a larger reward delivered after some delay [98]. Although multiple iterations 
of delay discounting paradigms have been developed for use in laboratory animals, 
perhaps the most widely used methodology is that based on Evenden and Ryan’s 
original model [99]. In this task, animals choose between a small reward (typically 
one sugar pellet) delivered immediately and a large reward (typically four pellets) 
that is delivered after a delay. The delay increases in a stepwise fashion across 
blocks of trials, for instance, from 0, 10, 20 and 40–60 s. All trials are of an equiva-
lent length, such that selection of the larger reward always results in more reward 
throughout a session. In a similar manner to premature responses on the 5CSRTT, 
delay discounting tasks are sensitive to pharmacological agents that potentiate the 
actions of dopamine. However, in contrast to the pro-impulsive effects on the 
5CSRTT, administration of amphetamine, cocaine or a dopamine reuptake inhibitor 
increases choice of the large delayed reward, i.e. decrease impulsive choice [100–
102]. However, it should be noted that amphetamine has also been reported to 
increase choice of the smaller immediate reward during delay discounting (see [80, 
103] for discussion of methodological issues that may explain these seemingly 
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incongruous results). There are also some differences in regard to the neural loci 
that mediate impulsive choice and impulsive action. In contrast to impulsive 
responding on the 5CSRTT, ACC lesions do not increase impulsive decision- making 
during delay discounting [104]. However, the OFC does appear integral to optimal 
decision-making, in that excitotoxic lesions and inactivations have been shown to 
both increase and decrease choice of the large reward [105], dependent on task 
demands and baseline behaviour (see [106, 107] for discussion). Consistent with 
reports on the 5CSRTT, lesions to the NAc and ventral hippocampus both increase 
impulsive responding [89, 104, 108, 109].

Impulsivity is broadly considered to enhance vulnerability towards the develop-
ment of both substance and behavioural addictions [75, 76]. A potentially related 
construct that has received relatively little attention, at least in regard to its potential 
role in GD, is compulsivity. The relationship between impulsivity and compulsivity 
is complex. Traditionally, these multifaceted constructs have been viewed as dia-
metrically opposed, with individuals exhibiting a preponderance of one at the 
expense of the other, yet more contemporary theories now suggest that the relation-
ship between the two is dynamic and can shift over time (see [110] for discussion). 
Whether compulsivity definitively constitutes a vulnerability towards GD is unclear. 
Certainly, the archetypal pathology of aberrant compulsivity, obsessive-compulsive 
disorder (OCD), is rarely co-morbid with GD, which would argue against such a 
conclusion [111]. However, gamblers do score higher on self-report measures of 
compulsivity [112], and the presence of OCD-like symptoms is well correlated with 
gambling severity [113]. Moreover, many of the cognitive distortions such as an 
adherence to ‘lucky’ rituals, which have been suggested as central to the develop-
ment of GD [13, 14], could be considered compulsive in nature.

Selective serotonin reuptake inhibitors (SSRIs) are the primary pharmacological 
treatment for OCD and have reliably been shown to be effective at alleviating com-
pulsive behaviours (see [114] for review). Consequently, animal work investigating 
compulsive-like behaviours has focused on the serotonergic system. The signal 
attenuation model consists of four stages: firstly, a compound stimulus is estab-
lished as signal of food delivery, secondly, rats trained to lever press for food that is 
delivered concomitant with the compound stimulus, thirdly, signal attenuation, dur-
ing which the ability of the cue to predict reward is attenuated by extinguishing the 
contingency between the two and, lastly, the test phase, during which rats lever 
press for the presentation of the stimulus alone [115]. An increase in responding on 
the lever during this test phase is hypothesised to reflect a failure in response feed-
back analogous to the inability of patients to cease responding once an action has 
been successfully completed [116]. Systemic administration of selective serotonin 
reuptake inhibitors or D1 receptor antagonists alleviates compulsive-like responding 
on the lever [116, 117].

Further evidence of a potential role for dopamine in mediating compulsive-like 
behavioural responding comes from a relatively recent study using the operant 
observing response task. This paradigm presents animals with two levers, one an 
active lever that delivers food reward and the other inactive. There is also a third 
lever that, when pressed, signals which of the other two levers is active by 
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illuminating the light above the active lever [118]. In contrast to the signal attenua-
tion model which intimated that D1, but not D2 receptors, may underlie compulsive 
behaviours, in the operant observing response task, chronic administration of the 
D2-like agonist quinpirole significantly increased the number of responses on the 
‘observing’ lever both in order to obtain the cue and also when the cue was already 
illuminated, potentially indicative of compulsive-like checking [118]. Interestingly, 
this increase in compulsive-like behaviour following chronic treatment with quin-
pirole may be related to the invigorated task performance on the rSMT following 
chronic ropinirole we reported in Sect. 6.2, in that the latter appears to reflect 
increased task ‘focus’; animals on the rSMT were not quicker to make any particu-
lar response; therefore the increase in trials completed must have resulted from a 
decrease in other non-task-related activities, such as grooming or exploration. 
Furthermore, such an increase in task engagement superficially resembles the atten-
tional narrowing observed in human gamblers, which is thought to reflect a compul-
sive style of play [119, 120].

In sum, impulsivity is a multifaceted construct that is influenced by multiple 
neurotransmitter systems. Broadly, dopamine, NE and 5-HT appear to be involved 
to some degree in action inhibition and impulsive choice, and such duplicity of 
neurotransmitter involvement may indicate some mechanistic redundancy in the 
control of these forms of impulsivity, whilst there may be a slightly more selective 
role for 5-HT and NE in action restraint and action cancellation, respectively. 
Interestingly, although all forms of impulsivity are sensitive to amphetamine, the 
direction of these effects varies depending on the form of impulsivity and the task 
demands, again further highlighting the complex nature of the construct and its 
measurement. Recent work has highlighted an important role for dopamine in medi-
ating compulsivity, although the recruitment of receptor subtype appears to vary 
dependent on task parameters, and consequently, much remains to be done with 
regard to investigating the neurochemical basis of compulsive behaviours in ani-
mals. Moreover, chronic administration of dopaminergic agonists may be an effec-
tive way of modelling compulsive-like gambling engagement, and consequently 
these models may represent a potential method for screening novel pharmacothera-
pies for iatrogenic gambling.

6.4  Deficits in Decision-Making

Gambling broadly involves participants placing themselves at a probabilistic disad-
vantage for a potential windfall. In this regard, gambling could be considered irratio-
nal, insofar as people are generally aware that the odds of winning are stacked against 
them [121]. Thus the cognitive dysfunction exhibited by problem gamblers does not 
appear to be related to an inability to perceive or calculate the odds. Consequently, 
increased risky or dysfunctional decision-making could be considered as a hallmark 
for problem gambling. Although numerous other personality constructs such as those 
discussed in this chapter might contribute to the onset of problem (subclinical) gam-
bling and GD, perturbations in cost-benefit decision-making are something of a 
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prerequisite. Gamblers’ real-world decision- making deficits extend to the laboratory, 
with both recreational and pathological gamblers exhibiting deficits in comparison to 
healthy controls on tasks such as the Cambridge Gambling Task [17], Game of Dice 
Task [23] and the Iowa Gambling Task (IGT) [122]. These deficits are manifested 
when subjects are making decisions under both risk—choices between outcomes 
with explicit probabilities—and ambiguity, choices between outcomes with unknown 
probabilities, and cannot exclusively be accounted for by increased impulsivity or 
deficits in cognitive ability [122]. Consequently, decision-making deficits are, to a 
certain extent, dissociable from other behavioural facets of GD. Amongst these labo-
ratory tasks, the IGT has been the most widely characterised, and consequently sev-
eral rodent analogues have been developed (see [123] for discussion); in the interest 
of brevity, we will limit our discussion to the most widely adopted of these, the 
rodent gambling task (rGT) [124].

The IGT is generally considered as a test of ‘real-world’ decision-making and 
requires participants to select from four decks of cards, with the goal of accumulat-
ing points [125]. Two of the four decks are advantageous, in that they offer smaller 
immediate gains, but smaller penalties. In comparison the other two decks offer 
comparatively larger gains but also larger losses. The optimal strategy is to avoid the 
superficially alluring but ultimately disadvantageous decks and instead choose from 
the low-risk, low-reward decks. This strategy along with the relative contingencies 
for the decks is never made explicitly available to the participant, but healthy sub-
jects learn the optimal strategy over time. Persistent choice of the disadvantageous 
decks has been linked to frontal lobe dysfunction and has been observed in both GD 
and drug addiction [22, 122, 125–128]. The rGT, consistent with the IGT, requires 
animals to choose between four options with established contingencies. Again, two 
options are disadvantageous, associated with larger gains (food reward) but more 
frequent and larger punishments (time-out periods), whereas the other two options 
are advantageous—associated with smaller gains but smaller and less frequent pun-
ishments. Animals have 30 min to maximise their ‘earnings’; therefore these time- 
out periods reduce the opportunity to earn reward and were designed to approximate 
loss. Animals on the rGT show a similar behavioural profile to humans on the IGT, 
in that selection of the tempting high-risk, high-reward option declines as experi-
ence with the contingencies progresses and animals instead develop a clear prefer-
ence for the smaller but safer rewards. The construct validity of the rGT has been 
tested by examining whether the neural loci underpinning task performance are 
comparable across species. Performance on the human IGT has consistently been 
shown to be critically dependent on brain regions that also putatively play a key role 
in the formation and maintenance of addictive disorders, namely, the prefrontal cor-
tex and amygdala [125, 129–131]. Likewise, performance of the rGT is mediated by 
these same regions, lesions of the PFC and agranular insula impair choice behav-
iour, whilst inactivations of the orbitofrontal cortex and BLA or disconnection of 
these two areas severely retards learning of the optimal task strategy [132–135].

In contrast to other animal models of cost-benefit decision-making, dopamine 
does not appear to play a particularly prominent role; rather performance on the rGT 
is modulated by multiple pharmacological systems. Administration of selective DA 
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reuptake inhibitors, or D1 or D2-like agonists, does not alter choice behaviour [124, 
136]. In contrast, administration of amphetamine and the 5-HT1A receptor agonist 
8-OH-DPAT both impair performance on the rGT [124]. Interestingly, the effect of 
amphetamine appears to arise as a result of additive effects on multiple monoamine 
neurotransmitter systems, as selective reuptake inhibitors for 5-HT, dopamine or 
norepinephrine produce only mild effects when administered in isolation, but any 
combination of two of the reuptake inhibitors impairs behaviour, potentially indica-
tive of a redundancy in the neurochemical regulation of choice [137]. Furthermore, 
the effects of amphetamine on choice, unlike on motor impulsivity, cannot be 
blocked by either a D1 or a D2 receptor antagonist [138]. The finding that dopamine 
does not appear to play a particularly prominent role in the rGT is interesting given 
the relatively ubiquitous role ascribed for mesolimbic dopamine in cost-benefit 
decision- making. Much of this work has focused on animals’ willingness to exert 
physical effort in order to obtain a larger reward—such as scaling a barrier or lever 
pressing. Broadly, blockade of dopamine receptors decreases animals’ willingness 
to work for reward, whereas drugs that potentiate the actions of dopamine, such as 
amphetamine, increase the choice of the more effortful yet more lucrative option 
[139–142]. These data suggest that alterations in task demands may differentially 
recruit dopaminergic systems. Indeed, in contrast to the pronounced role dopamine 
plays in physical effort, it appears to play only a minor role if the effort required is 
cognitive [143]. Thus, the relative contributions of neurotransmitters, such as dopa-
mine, to the choice process are critically dependent on task demands.

Probability discounting tasks (PDTs), in a similar manner to delay discounting 
paradigms, present animals with two levers, one of which delivers a small reward 
(e.g. one sugar pellet) with 100% likelihood, whilst the other lever yields a larger 
reward (e.g. four sugar pellets). In contrast to delay discounting, this reward is not 
devalued by a delay, but rather the likelihood of it being delivered is probabilistic 
and varies in a stepwise manner across the session. In the original iteration, the 
likelihood of the larger reward progressed downwards from 100%, 50%, 25% and 
12.5–6.25%, although the probabilities can also be presented in ascending order 
[144]. There are some notable differences between delay and probability discount-
ing, despite some similarities in the task structure. In delay discounting, both the 
large and small reward are always available, but the valence of the large reward is 
diminished by accompanying delay; thus the task measures the impulsive choice of 
immediate gratification over long-term benefits. In contrast, during probability dis-
counting the large reward is not always delivered; thus the animal must decide 
whether to take the small safe reward or ‘play the odds’ and risk not receiving any-
thing. During delay discounting, the larger delayed reward is always (at least objec-
tively, if not subjectively) optimal, whereas the best strategy on probability 
discounting changes throughout the session, requiring animals to respond to shift-
ing contingencies. Thus, preference for the uncertain outcome may not always be 
maladaptive, and the degree to which this maps on to the construct of impulsive 
decision-making is open to debate.

Unlike the anti-impulsivity effects amphetamine has on delay discounting, sys-
temic administration of the psychostimulant increases choice of the larger 
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probabilistic reward [142], an effect contingent on amphetamine’s ability to potenti-
ate dopamine as indicated by its blockade by prior administration of either a D1-like 
or a D2-like antagonist. Similarly, administration of both D1-like and D2-like ago-
nists increased choice of the uncertain option [145]. Similar to data from the delay 
discounting and 5CSRTT tasks, lesions to the NAc core increase maladaptive 
behaviour, as exemplified by increased choice of the smaller-certain option [144].

A risk discounting task (RDT) has also been developed that utilised electric shocks 
as punishments, i.e. the probability of reward was kept the same throughout the blocks, 
but the chances of a larger reward being accompanied by a footshock increased 
throughout the blocks (25%, 50%, 75–100%). There is a modest correlation between 
probability and risk discounting, suggesting some of the same cognitive processes 
may be implicated in both tasks [146]. In contrast to its effects on the PDT, amphet-
amine decreases choice of the larger, but potentially punishing option on the RDT, an 
effect blocked by a D2-like antagonist. Likewise, a D2-like agonist decreases risky 
choice, whereas drugs targeting D1-like receptors have no effect [147]. Comparing the 
neurochemical regulation of choice behaviour across the rGT, PDT and RDT suggest 
that the neurobiology underlying risk-based decision- making may vary contingent on 
the presence or absence of explicit penalties, as well as the nature of those penalties, 
further complicating delineating a singular aetiology for human gambling.

One potentially interesting, and relatively underexplored avenue, is what governs 
decision-making in the absence of optimal choice. In the majority of operant para-
digms, the probabilities are such that there is almost always an optimal strategy. 
Arguably a better measure of biased decision-making would be to examine choice 
behaviour when options are ultimately equivalent. In the rodent betting task (rBT), 
the ‘bet size’ in play is indicated by the illumination of one, two or three response 
apertures at the start of each trial [148]. The bet size varies between blocks of trials 
on a pseudorandom schedule. Once the animals have nose-poked at each illumi-
nated aperture, two levers are extended into the chamber. These levers are perma-
nently designated as either the ‘safe’ or ‘uncertain’ lever. Responses on the safe 
lever lead to guaranteed delivery of the bet size at stake (i.e. one, two or three sugar 
pellets), whereas the uncertain lever leads to either double the safe bet size or no 
reward with equal probability. Thus, exclusive choice of either option would lead to 
equivalent reward in the long term. Initial investigations with this task revealed that 
animals could broadly be split into two sub-groups—one that remained indifferent 
to the size of the wager (insensitive) or those that began to select the safe lever more 
as the bet size increased (sensitive).

In contrast to the rGT, choice behaviour on the rBT is acutely sensitive to manip-
ulations of OFC, as inactivations of this region, but not the mPFC increased risky 
choice in wager-sensitive rats [149]. However, lesions to the basolateral amygdala 
did not affect performance, regardless of baseline choice patterns [150]. As such, 
simple preference for uncertain outcomes, as measured by an unbiased paradigm, 
can be dissociated from the adoption of an optimal choice strategy in which the 
risks of winning and losing must be integrated.

Systemic administration of amphetamine increased choice of the uncertain lever, 
but only in wager-sensitive animals, whereas the D2-like antagonist eticlopride 
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decreased choice of the uncertain lever, but only in wager-insensitive rats. Thus 
animals’ baseline choice behaviour critically mediated the response to dopaminer-
gic ligands. Using micro-PET and autoradiography, a strong relationship was con-
firmed between increased wager sensitivity and lower levels of D2/3 receptors in the 
striatum [148]. A decreased density of striatal dopamine receptors has been pro-
posed as a canonical biomarker for drug addiction. These results may therefore 
suggest that mathematically nonnormative decision-making under uncertainty, 
which is associated with elevated risk for GD, may arise through similar neurobiol-
ogy as traits which confer vulnerability to drug addiction [151, 152]. Moreover, 
these results highlight the potential value in exploring individual differences in ani-
mal models of decision-making, as differences in subjective choice at baseline can 
shape later response to pharmacological challenges. Further studies utilising this 
task have shown that chronic administration of ropinirole increases choice of the 
uncertain lever and such results not only highlight the critical role played by dopa-
minergic activity in mediating risk-based decision-making but arguably provide 
further evidence that chronic D2/3 agonism may represent a putative model of prob-
lem gambling [153].

Ultimately, perturbations in cost-benefit decision-making are varied, and task 
demands such as response requirements, the valence/volatility of the outcome and 
consequences of loss/failure to win can all affect how animals engage with the task. 
Although broadly the majority of these tasks remain sensitive to dopaminergic and/
or serotonergic manipulations, alterations in task design and individual differences 
can have profound effects on the neurobiology recruited.

6.5  Cue Reactivity

The ability of cues to facilitate ongoing addictive behaviours is a cornerstone of 
contemporary theories of addiction [45, 154–156]. However, the relevance of cues 
to GD is less clear. Certainly exposure to gambling-related cues can promote crav-
ing in gamblers [24, 25], and removing sound cues reduced both the enjoyment 
derived from and the desire to continue playing slot machines in problem gamblers 
[157]. Additionally, problem gamblers have been reported to display attentional 
bias towards gambling-related stimuli in comparison to controls (see [158] for 
review), and an increased attentional bias towards salient cues has been suggested 
to contribute to the transition from recreational to problematic gambling [26]. These 
data ultimately suggest that cues are an integral part of the gambling milieu, yet the 
exact role cues play in the formation or maintenance of GD and the contextual 
specificity of gambling cues remain to be determined (see [159] for discussion).

Relatively few animal tasks have specifically addressed the role of cues on 
gambling- related decision-making, with the notable exception of a modified version 
of the rGT, wherein reward delivery resulting from choice of the larger, but riskier, 
options is associated with more salient and complex audiovisual cues [160]. 
Interestingly, the presence of cues promotes a more disadvantageous choice profile, 
with more rats exhibiting a risk-preferring profile at baseline, providing the first 
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evidence in non-human animals that reward-paired audiovisual cues can promote 
risky decision-making [160]. Moreover, the presence of cues on this modified rGT 
recruited the dopaminergic system to a greater degree than the uncued version. As 
mentioned in Sect. 6.4, the rGT does not appear to be greatly influenced by dopami-
nergic agents, yet choice on the cued rGT appears uniquely sensitive to the admin-
istration of compounds specific for the D3 receptor; a highly selective D3 agonist 
increased, whereas a selective antagonist decreased risky choice. These findings are 
in direct contrast to the lack of effects D3 ligands produce on the ‘standard’ rGT 
[161] and provide novel evidence that D3 receptors may play a role in controlling 
responsivity to gambling-related cues. In support of such a supposition, D3 recep-
tors have previously been demonstrated to mediate cue-induced seeking of addic-
tive drugs and consequently have been suggested to represent a potential 
pharmacological target for the treatment of drug addiction [162–165]. Given the 
theory that the phenomenological processes underlying both behavioural and sub-
stance addictions may be similar, D3 receptors may represent something of a com-
mon target for controlling certain aspects of behavioural dysfunction.

It is worth noting that in the cued rGT, the cues are concurrent with reward—and 
absent following a loss. In contrast, cues during the rSMT signal the current status 
of the apertures and function as predictors of reward (reward-predictive), as opposed 
to being delivered subsequent to the trial outcome (reward-concurrent). Thus, whilst 
both tasks contain overt cues, the cues signal very different information and may 
therefore impact cognition via distinct mechanisms. Certainly, these different cue- 
mediated behavioural effects appear pharmacologically distinct, as selective D4, but 
not D3, ligands alter performance on the rSMT [55], whereas targeting D3, but not 
D4, receptors modulates behaviour on the cued rGT [160].

In contrast to the relative dearth of empirical investigations examining the role of 
cues on cost-benefit decision-making, a comparatively larger body of evidence 
exists using simple behavioural tasks that have been used to delineate the neurobio-
logical underpinnings of cue-guided responding. Similar to both the cued rGT and 
the rSMT, the role of dopamine in controlling cue reactivity has been the predomi-
nant focus of these investigations. Dopaminergic signaling particularly through the 
D2-like class of receptors has been generally associated with attributing salience to 
reward associated stimuli [166]. Indeed, this process plays an important role in 
some theories of addiction (see [45] for discussion). Relatively simple behavioural 
paradigms such as autoshaping, as well as a Pavlovian-to-instrumental transfer 
(PIT) and conditioned reinforcement (CRf), have been used most commonly. 
Ostensibly all these paradigms measure how reward-paired cues can influence 
action, but differ slightly in regard to brain areas and neurochemical regulation. 
These tasks could be considered hierarchical in that the property of the cues 
increases in behavioural significance, from attracting attention (autoshaping), to 
influencing ongoing behaviour (PIT) and finally to becoming the goal itself (CRf).

During autoshaping, a classically conditioned stimulus (CS) reliably predicts 
delivery of an unconditioned stimulus (US), for instance, presentation of a lever and 
accompanying light (CS+) for 5  s before a food pellet (US) is delivered. Over 
repeated CS-US pairings, some animals begin to approach and interact with the CS, 
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even though the US is not contingent on any such response. Typically animals vary 
in the extent to which they respond to the CS and can be separated into those who 
approach the CS, i.e. ‘sign trackers’ (ST), and those who orient towards the delivery 
location of the US, i.e. ‘goal trackers’ (GT) [167]. The incentive salience assigned 
to the CS by sign trackers has been linked with increased dopamine release within 
the NAc [168], and both acquisition and expression of sign tracking can be dis-
rupted by administration of non-selective dopamine antagonists [169]. Whilst sign 
tracking could be taken as evidence that reward-paired cues are salient and attrac-
tive, it does not necessarily imply that they can influence goal-directed action.

PIT measures the degree to which a CS that has previously been classically con-
ditioned with reward can invigorate instrumental responding that has, in separate 
training sessions, also resulted in reward. PIT begins in a similar manner to autoshap-
ing, in that a CS, e.g. a tone, predicts delivery of a US (food). Subsequently animals 
are shaped to make an operant response for reward such as lever press. Lastly, dur-
ing a test session, usually done during extinction (i.e. reward is not delivered), the 
CS is presented with the supposition that the presentation of the CS will augment 
animals’ operant responding on the lever. The CS is presented intermittently and 
non-contingently; thus the animals’ actions do not affect the presentation of the CS, 
yet the CS can bias the animal towards actions previously associated with reward 
delivery. PIT is sensitive to modulation of dopaminergic circuits (see [170] for dis-
cussion) and can be disrupted by systemic administration of non-selective dopa-
mine antagonists [171].

In a somewhat similar manner to PIT, CRf begins with classically conditioning a 
CS to delivery of a US. Yet in contrast to PIT, the subsequent test session determines 
the degree to which an animal is prepared to perform a novel response, such as lever 
pressing, that is reinforced solely by the CS. Thus, in contrast to PIT, the presenta-
tion of a CS during CRf is entirely contingent on the animals’ behaviour. CRf 
appears to be primarily influenced by dopaminergic activity within the NAc, as 
infusion of amphetamine into this area potentiates animals’ responding for the CS, 
an effect that is remediated by prior blockade of D1 or D2 receptors [172]. Similarly, 
infusion of non-selective D1-like or D2-like agonists into the NAc potentiated 
responding for the CS, an effect that was mimicked by a systemically administered 
D2-like agonist, but not a D1 receptor agonist [172, 173].

In broad terms, therefore, performance on all three of these tasks has been 
shown to be sensitive to ligands with selectivity at D2-like receptors [174–176] and 
more specifically manipulations of dopaminergic activity within the NAc [177–
179]. The NAc receives extensive inputs from cortical and limbic regions and has 
been suggested to be critically involved in response selection, yet the upstream 
inputs that might be important for driving behaviour during the performance (rather 
than the acquisition) of tasks such as autoshaping or CRf remain elusive [180]. 
Interestingly, recent work from our group showed that a highly selective D4 agonist 
had no effect on either CRf or autoshaping [181]. Additionally, mixed results have 
been observed with partially selective D3 agonists, and more selective D3 antago-
nists are without effect on simple behavioural tasks [176, 182], intimating that D3 
receptors cannot exclusively account for responsivity to CS+. Interestingly, 
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increased cue-driven behaviour on CRf and autoshaping, a putative biomarker for 
addiction vulnerability, is associated with lower levels of impulsivity [183]. 
Additionally, we have preliminary evidence that suggests animals’ instrumental 
motivation for cues on a CRf paradigm does not correlate with performance on 
either the regular or cued version of the rGT (Tremblay, Ferland, Hounjet and 
Winstanley unpublished observations). Thus, increased cue reactivity, at least as 
assessed by CRf and autoshaping, is not associated with increases in either impul-
sivity or perturbations in cost-benefit decision- making, canonical measures of dys-
function in addictive disorders. Clearly, in this regard we are comparing between 
relatively simple behavioural tasks and much more complex ones. Decision-
making on more intricate tasks likely promotes a higher cognitive load; conse-
quently, behaviour is unlikely to be exclusively influenced by stimulus-response 
relationships. In contrast tasks such as autoshaping, PIT and CRf, although useful 
insofar as they have reliably intimated that the D2-like receptor is critically involved 
in mediating approach behaviour, may be somewhat limited in regard to exploring 
more complex disorders such as addiction, where the cognitive processes involved 
are likely complex and multifactorial. The likelihood of approach, or motivation to 
obtain a CS+, may therefore be a weak facsimile of the more complex role cues 
play in behavioural or substance addictions.

In sum, unlike the other sections of this chapter that have generally highlighted a 
complex interaction of the monoamine neurotransmitters in controlling behaviour, 
cue reactivity appears to be principally mediated by dopamine. This is not all 
together surprising given the canonical role ascribed [44] to dopamine in signaling 
the appetitive value of environmental stimuli. However, the role for dopamine in 
mediating animals’ responsivity to cues is nuanced and dependent upon the com-
plexity of the task and the contextual quality of the cues.

6.6  Conclusions

We have argued here that excessive cognitive distortions, impulsivity, compulsivity 
cue reactivity and impaired cost-benefit decision-making may confer vulnerability 
towards GD. The criteria discussed here may offer an opportunity to ‘deconstruct’ 
some facets of behavioural dysfunction observed in problem gambling. Indeed, it is 
unlikely, given the heterogeneity of gambling that any human gambler would exhibit 
perturbations in all of these symptom domains. Thus, a more comprehensive under-
standing of subtypes within gamblers may be useful in delineating a conceptual 
framework to explore the underlying neurobiology using animal models and conse-
quently treatment development. However, animal models may also be useful for 
exploring the relationship between these constructs, given recent data indicating 
that increased impulsivity is associated with a greater endorsement of gambling- 
related cognitions [184].

These putative risk factors appear to have overlapping but discrete neurobiologi-
cal underpinnings. Broadly speaking, a common role can be attributed to the mono-
amine transmitters dopamine, 5-HT and noradrenaline as well as frontostriatal brain 
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regions. A role for both 5-HT and dopamine in mediating aspects of impulsivity and 
impaired cost-benefit decision-making is relatively well established. Importantly, 
the data here offer at least two relatively novel potential lines of enquiry. First, the 
potential role for D3 and D4 receptors in mediating differing behavioural responses 
to reward associated stimuli has yet to be fully explored. Data from the rSMT indi-
cate that D4 receptors might control attributions of salience to reward-predictive 
stimuli, whereas D3 receptors appear to mediate risky choice in response to reward- 
concurrent cues. The majority of studies that target D2-like receptors often attribute 
their findings to the D2 receptor itself, potentially due to its relative abundance 
within the D2 family [185] and its localisation within reward-related neural struc-
tures such as the dorsal striatum and NAc [186]. However, the results highlighted 
here may be indicative of an increased role for D3 and D4 in the more complex cog-
nitions associated with GD.

A common theme throughout this chapter has been that tasks pertaining to mea-
sure the same construct can recruit differing neurobiological systems. This variabil-
ity is by no means a weakness of animal models. In fact, both the inter- and intra-task 
variability may be invaluable at gaining a more comprehensive understanding of the 
aetiology underlying behavioural disorders. Moreover, the individual differences 
within animals could also be extremely beneficial in identifying what forms of inter-
ventions may best be used to combat differing behavioural perturbations. These 
differences, however, do signify considerable variability within constructs such as 
impulsivity, such that care should be taken not to extrapolate too widely from one 
paradigm to another. The variability both within and between some of these tasks 
does lead to questions about reliability. As there is no currently approved pharma-
cological treatment available for GD, pharmacological isomorphism is not a good 
measure of assessing these tasks’ validity. However, one of the cornerstones of a 
valid operant measure is reliability. As all of these tasks have been used repeatedly, 
in most cases by different researchers, the retest reliability of the core behavioural 
observations discussed herein appears high. However, there are intractable issues 
with animal models that potentially limit their efficacy, mainly in regard to how 
both rewards and losses are represented (see [32] for full discussion of these poten-
tial limitations).

Ultimately, despite limitations, animal models with high translational validity 
allow a degree of control and breadth of manipulations that allow inferences about 
the causality of clinical disorders. This control and range may be invaluable in elu-
cidating a more comprehensive understanding of diseases such as GD where the 
aetiology is complex and multifactorial.
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7The Neurobiology of Gambling Disorder: 
Neuroscientific Studies 
and Computational Perspectives

Alexander Genauck and Nina Romanczuk-Seiferth

At a Glance This chapter gives an overview on neurobehavioral findings concern-
ing gambling disorder (GD) [1–3]. We classify studies into classical and computa-
tional psychiatry studies and into three categories related to different symptom 
clusters: loss of control, craving, and neglect of other areas in life [3]. Studies using 
classical analyses are those that set into relationship measured random variables by 
estimating their respective means, variances, and covariances. Computational psy-
chiatry studies and computational analyses are those that explicitly assume one or 
several cognitive-computational processes responsible for generating the data [4]. 
Analyses could involve reinforcement learning models fit to behavioral choice data 
[5, 6] or neural network models fit to brain data [7]. Computational psychiatry aims 
at taking a closer look at processes underlying psychological disorders. Note that 
we will also use a computational psychiatry perspective when reporting on the clas-
sical neurobiological GD studies here. This means we will review primary research 
articles with respect to computationally relevant processes such as cue reactivity, 
response inhibition, gain and loss processing, uncertainty, and delay processing as 
well as learning from reward and punishment.
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7.1  Introduction

7.1.1  General

Gambling disorder (GD) is characterized by continued gambling for money despite 
severe negative consequences. Here gambling is defined as “placing something of 
value at risk in the hopes of gaining something” [1]. GD has been a growing health 
concern [8–11]. Burdens of GD patients include loss of social structures, developing 
psychiatric comorbidities, as well as financial ruin [12, 13]. Recently, GD has been 
classified as an addiction alongside substance-use disorders (SUDs), such as alcohol 
or cocaine dependence [14]. This new classification was indicated because GD and 
SUDs are characterized by similar core symptoms (including craving, withdrawal, 
tolerance) and because both GD and SUDs show similar neurobehavioral signatures 
[3, 15–19]. Specifically in SUDs and GD, relevant core functions such as cue reactiv-
ity, response inhibition, and reward-based decision-making have been associated 
with changes in the dopaminergic reward network including the striatum and pre-
frontal cortex [2, 20–32]. Note that GD studies concerning these functional altera-
tions in addiction allow conclusions regarding the  biopsychological  core features 
of addictive disorders in general. This is because GD is an addictive disorder itself 
but may develop without the influence of an external psychotropic substance. Thus, 
investigating GD allows us to understand better how addictive disorders can develop 
through the interactions of bio-psycho-social vulnerabilities with learning processes. 
The mentioned studies have mostly been based on qualitative or statistical models of 
neural functioning leading to valuable but flashlight evidence of changes in the neu-
ral system of people suffering from GD. As a response, computational psychiatry has 
pushed toward applying quantitative behavioral models to characterize more com-
prehensively deviations in neural functioning in psychological disorders [5, 33–37]. 
Computational models of behavior and brain functioning try to mathematically for-
mulate a supposed mechanism and often make more precise and more quantitative 
predictions than classical statistical approaches in psychiatric research [38, 39].

This chapter aims at summarizing the neurobehavioral findings regarding GD 
from a computational psychiatry perspective and presents recent studies which 
already use computational models (CMs) of GD behavior. This text would like to 
argue that computational modeling of behavioral and neural data may enhance the 
sensitivity, specificity, and interpretability of GD studies and as such is a valuable 
addition to the toolbox of GD researchers.

7.1.2  Neurobiological Research in GD

Neurobiological research in GD has been greatly influenced by neurobiological 
research of SUDs. The Impaired Response Inhibition and Salience Attribution 
(I-RISA) model [40] connects two core features of SUDs which have striking paral-
lels in GD [18]. Impaired salience attribution (the “I-SA” in I-RISA) relates to the 
influential incentive sensitization theory [41]. The theory states that in addiction the 
meso-cortico-limbic reward network is sensitized to stimuli (cues) that are 
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associated with the drug or addictive behavior and desensitized to cues that signal 
other rewards. In other words, drug-related cues (e.g., pictures of alcoholic bever-
ages, a certain smell) get special salience and thus grab attention. According to the 
theory, cues, when attended to, produce or amplify craving. In a state of withdrawal, 
the effect of attention grabbing and amplification of craving is enhanced. Impaired 
response inhibition (the “I-RI” in I-RISA) refers to the fact that SUD and GD sub-
jects show heightened impulsivity—in the widest sense of the word as it is to note 
that there is a variability of definitions used for “impulsivity” [42, 43]. This could 
include a difficulty to suppress automatic stimulus-induced responses or a tendency 
to opt for riskier activities. Response inhibition refers mainly to the former and is 
thus defined as the process of inhibiting a prepotent, initiated, or automatic response 
[40]. Impaired decision-making is a hallmark of SUDs and GD [14, 16, 44–46]. 
Although impaired decision-making may be partly explained or influenced by 
impaired response inhibition, there are still processes in risky decision-making 
(namely, the process of deliberation and weighing of alternatives) that are qualita-
tively different from response inhibition [47]. In that sense the I-RISA framework 
should be expanded and called the I-RISADM (Impaired Response Inhibition, 
Salience Attribution and Decision Making) framework.

7.1.3  Computational Models

Computational models are used to model the mechanics of complex systems such as 
the brain. Psychologists and psychiatrists are interested in studying psychiatric phe-
nomena such as anhedonia, hallucinations, or addiction. These ailments are con-
structs but eventually product of multiple layers of substrate, such as proteins, 
neurotransmitters, neurons, neural networks, as well as social networks. 
Computational models help us to connect those different layers of abstraction by 
formulating data-driven or strictly theory-driven models [38]. Importantly, compu-
tational models model the mechanisms and dynamics of processes leading to a cer-
tain phenomenon. This means researchers applying computational models 
essentially do this by building complex simulations of the brain or parts of it in 
order to generate predictions concerning the dependent variable and concerning the 
data generating process. In addiction research, computational models have mainly 
been reinforcement learning models simulating impaired learning from reward and 
punishment [48] or impaired decision-making [49].

7.2  Classical Studies on the Neurobiology of Gambling 
Disorder

7.2.1  Loss of Control

The symptom cluster “loss of control” mainly describes problems such as escalation 
of gambling, gambling more than planned, as well as experiencing difficulty to stop 
or inhibit gambling [14]. Loss of control on clinical level has been associated with 
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impaired response inhibition in laboratory experiments [3]. GD subjects show 
increased levels of impulsiveness and low self-control using both questionnaires 
and response inhibition tasks [18, 50, 51]. GD relapse seems to be predictable using 
performance scores from response inhibition tasks [52].

7.2.1.1  Stopping a Primed Action
Loss of control may be grounded in the ability to inhibit actions, such as demanded 
in a go/no-go task. It has been observed that GD subjects show diminished response 
inhibition on the go/no-go task [53, 54]. van Holst et al. [55] have observed that 
problem gamblers (PRGs) are overall slower in this task but that they profit more 
from gamble pictures being associated with the go response than HC subjects (mak-
ing less errors at inhibiting the no-go response). On neural level, this has been asso-
ciated with stronger activity in VS, DLPFC, and anterior cingulate cortex (ACC) in 
PRG subjects during gamble pictures (go trials) present and lower activation of the 
DLPFC and ACC during no-go trials (neutral pictures). During neutral inhibition 
trials (go and no-go coupled with neutral pictures), PRGs were slower but per-
formed similarly accurate as HCs. During these trials, PRGs showed more DLPFC 
and ACC activity. Gambling-related stimuli hence seem to be more salient for PRGs 
than for HCs. PRGs seem to rely on compensatory brain activity to achieve similar 
performance during response inhibition in a neutral context. However, gambling- 
related pictures (during go trials) appear to facilitate neutrally contextualized 
response inhibition as indicated by lower brain activity and fewer behavioral errors 
in PRGs during no-go trials. Note that this means that cue reactivity has an influence 
on performance of a response inhibition task. A computational model could capture, 
e.g., the pre-activation of certain brain areas by certain cues—brain areas that are 
needed for response inhibition or initiation [56].

7.2.1.2  Stopping a Primed Action and Choosing Another
Several studies using the Stroop task have shown increased problems for GD sub-
jects to inhibit a prepotent response and choosing another [50, 57–59], although the 
predictive power of the Stroop task for GD relapse is being questioned [52]. Stroop 
tasks work by creating interference between a fast automatic response and a more 
difficult to produce but needed response. In the classical case, subjects need to name 
the color of the ink of a word which itself is the name of a color. Other versions use 
an emotional Stroop, where the words may be gambling related or neutral and sub-
jects have to name the color of the word. A study by Potenza et al. (2013) [60] sug-
gests that GD subjects in response to infrequent incongruent stimuli showed 
decreased activity in the left ventromedial prefrontal cortex (VMPFC) in compari-
son to HC subjects. It has further been shown that this VS activity is inversely cor-
related with gambling severity and also more positively correlated with treatment 
outcome. In other words, the more similar the neural activity related to Stroop per-
formance is to the activity in healthy controls, the more it is associated with reduced 
symptom severity and increased propensity for successful treatment outcome. 
Hence, intact cognitive control, as indicated by specific functional magnetic reso-
nance imaging (fMRI) activity in VS and VMPFC, may be a decisive component for 
successful therapy.
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7.2.1.3  Stopping an Initiated Action
The ability to stop an already initiated action seems to be impaired in GD subjects 
[50]. Interestingly, the size of this effect has been predictive of relapse, while impul-
sivity questionnaire scores have not [52]. However, another study has not found 
diminished performance in GD in a similar task to test for the ability to stop an 
already initiated action, but a general decreased activity of the DMPFC during both 
successful and failed response inhibition [61].

7.2.1.4  Summary
GD subjects consistently show diminished response inhibition. This seems to be 
related to different functioning of DLPFC, ACC, VS, and MPFC. Response inhibi-
tion scores and associated neural signatures seem relevant in predicting treatment 
outcome, relapse, and symptom severity.

7.2.2  Craving

In addiction research, craving and withdrawal symptoms have been mostly explained 
by the incentive sensitization theory [41]. Two neurobehavioral paradigms have 
thus received special attention: attentional bias and cue reactivity. A meta-analysis 
has shown across various SUDs a modest but significant correlation of r = 0.19 
between attentional bias for drug-related stimuli and craving [62]. This underlines 
the relationship between the two concepts. Also cue reactivity has repeatedly been 
linked to subjective craving [63].

Cue reactivity as a neurobehavioral paradigm tests for the effect of addiction- 
related stimuli on brain activity and behavior [21]. In SUDs, there is a rather consis-
tent picture of enhanced activity increase in ventral striatum (VS), ventral medial 
prefrontal cortex (VMPFC), precuneus, temporal pole, cingulum, and other regions 
toward drug cues compared to HC subjects [64, 65]. The picture in GD is similar 
albeit a little less consistent.

Self-reported craving has been reported to be correlated with activations in the 
temporal pole in GD subjects [66]. Interestingly, unlike in SUD subject, GD com-
pared to HC subjects have shown diminished activation of VMPFC, VS, cingulate, 
insula, inferior frontal gyrus (IFG), and other regions during exposure to gambling 
cues [67]. However, another study found increased activation of bilateral occipital 
cortex (visual processing) and subcortical (amygdala, parahippocampus) regions 
in problem-gambling subjects during cue exposure compared to HC subjects [68]. 
Exposed to video cues, GD subjects responded with increased craving and 
increased dorsolateral prefrontal (DLPFC), parahippocampal, and fusiform gyrus 
responses [69]. Further, GD subjects rated gambling cues more positively arousing 
than HC subjects and showed a larger late positivity component in the electroen-
cephalogram (EEG) in response to gambling cues which is indicative of more emo-
tional processing [70]. A recent study observed that gambling but not food cues 
lead to changes/correlation with subjective craving with respect to brain activity 
and functional connectivity in a reward-related circuitry (including ACC, VS, 
MPFC) [71]. Findings like this suggest enhanced cue reactivity in GD subjects that 
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may be the result of learned motivated attention inducing subjective craving and 
relapse [70]. Indeed, GD subjects accompanied to real-life gambling situations 
reported higher craving when in the casino. However, this cue reactivity ceased 
with time spent in the casino and when subjects engaged in a negative mood induc-
tion task [72].

Gambling cues indeed increase craving as measured with subjective scales in 
GD subjects. Cue reactivity neural response patterns are complex and show some 
inconsistency across studies. Investigating cue reactivity in the context of specific 
gambling tasks may make neural cue reactivity signatures more specific. Cue 
reactivity may alter gain and loss sensitivity of the striatum, as well as response 
inhibition processes [73–75]. It may also modulate other decision-making pro-
cesses [76].

7.2.3  Neglect of Other Areas in Life

Neglect of other areas in life may be regarded as the symptom cluster reflecting 
impaired decision-making in patients suffering from addictive disorders [3]. GD 
subjects engage in high-risk gambles instead of naturally rewarding activities. 
Further, they pursue these activities with relentless energy and vigor, showing great 
motivation (against literally all odds). Impaired decision-making may be due to 
impaired anticipation of rewards, punishments, delays, and probabilities, as well as 
altered processing of decision outcomes.

7.2.3.1  Gain Processing
Decisions to gamble are essentially value-based decisions. The investigation of gain 
or reward processing in the context of value-based decision-making is of great 
importance because it directly relates to the reward deficiency hypothesis (RDH) 
and the incentive salience hypothesis (ISH) of addiction [40, 77]. The RDH of 
addiction states that people suffering from addiction keep engaging in the addictive 
behavior to avoid a hypo-dopaminergic state. Natural rewards lead to too little sub-
jective reward or dopamine (DA) transmission, so that a DA promoting substance 
has to be ingested [77]. The RDH has been challenged in the field of GD research 
[78]. The incentive salience hypothesis of addiction sees impaired gain processing 
as the result of increased salience for addiction-related stimuli and decreased 
salience of stimuli signaling natural rewards [41].

Gain processing needs to be dealt with at no less than two stages of the decision- 
making process. This is during the anticipatory and the outcome phase of any value- 
based decision [79]. During the anticipation, the subject needs to assess possible 
gains and process their magnitude, probability, and delay. During the outcome 
phase, the subject actually receives the gain and may use it. In that sense, the antici-
pation phase elicits motivation to approach (“wanting”), while the outcome phase 
elicits pleasure (“liking”). Comparing the expected with the actual gain received 
during the outcome phase constitutes the so-called prediction error which is essen-
tial to any learning process [80–83].
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Anticipation
GD is related to strong feelings of wanting with respect to gambling for monetary 
wins [3]. This lets us suppose that gamblers should show a stronger DA signal in the 
VS region when anticipating uncertain rewards compared to HC [84]. The monetary 
incentive delay (MID) task measures affect and action vigor (response speed) 
related to anticipation of monetary gains [79]. Studies using this task have shown 
that GD subjects rather show decreased gain anticipatory activation in VS [85–87] 
or that there is no difference in gain anticipation between GD and HC subjects [30]. 
Within GD subjects, the abstinence and duration of illness correlated with insula 
activity [87]. It is important to note that the four mentioned studies did not use gam-
bling stimuli in the MID task while it has been suggested that monetary gain antici-
pation in GD might only be altered if contextual stimuli are gambling related [73, 
75]. Sescousse et  al. [78] investigated gain anticipation under different contexts 
using different reward types: subjects could work for monetary rewards or erotic 
stimulus rewards. The authors used a modified MID task and observed that GD 
subjects profit from monetary reward (in comparison to erotic stimuli as rewards) 
because it decreased their reaction times. HC subjects did not show a difference in 
reaction times between the two reward types. Importantly, this behavioral effect 
seemed to be driven by a blunted reactivity in the VS toward erotic stimuli rather 
than an enhanced reactivity toward anticipated monetary rewards.

In some tasks we can distinguish a second kind of anticipation phase, i.e., the 
anticipation phase after response, but before the outcome is presented. We can call 
this waiting anticipation. Since the outcome is probabilistic and a bit delayed, an 
expectation is built up, what will come. This is especially visible in single-line slot 
machines with three wheels: here, if two wheels have settled and show two with 
identical pictures, the third wheel will be of utmost interest: an anticipation of a win 
will be generated, without the subject having to respond or making a decision, but 
simply having to wait.

In the MID task, there is such a waiting period after the response has been made 
but before the outcome is presented. In this period, the subject has a feeling of how 
well they performed on the fast-response task and they have a feeling about how 
certain a positive outcome is given that they were fast enough. This generates a 
prediction of the outcome. We could assume GD subjects to be overly optimistic 
and have stronger anticipatory affect during waiting gain anticipation. Indeed, a 
study by Worhunsky et al. [88] has observed that GD subjects show stronger activity 
in mesolimbic and ventro-cortical regions (especially VS) than HC during third- 
wheel reward anticipation. However, the study by Balodis et al. [85] has observed 
reduced activation in VMPFC and VS in GD during MID waiting gain anticipation. 
Hence, more studies are needed to understand the reactivity in GD subjects during 
waiting for the outcome phase.

Decision-making
So far we have talked about how GD subjects process gain in anticipation of a pos-
sible outcome and when they have to show a predetermined speedy response to 
achieve it or even just have to wait for it. But what about gain anticipation during 
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more complex value-based decision-making? What if the subject does not only have 
to press a button fast enough and in the right moment but has to choose between 
various options with different uncertain outcomes? After all, many gambles, such as 
black jack, poker, and roulette, ask the gambler to pick the option which he or she 
thinks is most favorable. Importantly, also the decision to go to a gambling place 
(e.g., a casino) or do something else (meet friends) is a value-based decision in 
itself. However, perhaps contrary to intuition, there are only two studies which 
report altered (neural) gain processing during decision phases [74, 89].

The loss aversion (LA) paradigm allows us to disentangle gain and loss sensitiv-
ity during value-based decision-making [90]. In a study in our own group [89], we 
have found that GD subjects in a LA task show reduced loss aversion, however, only 
due to decreased loss sensitivity but not decreased gain sensitivity. This means GD 
subjects did not respond more strongly with ever more gamble acceptance if gains 
increased compared to HC subjects. However, GD subjects showed faster reaction 
times with gains increasing, contrary to HC subjects. This may be an indicator for 
faster evidence gathering in GD subjects, when gains are increasing [7]. GD sub-
jects also showed a stronger gain-related functional connectivity from amygdala to 
bilateral posterior OFC compared to HC, which may mean that amygdala enhances 
the representation of gain values in the posterior OFC. This may lead to decreased 
loss aversion because losses are becoming less salient with gains increasing. In line 
with this, another study has found enhanced dorsal striatal activation with increas-
ing gains during the decision phase in a guessing task [74].

Outcome
So far we have asked if gain anticipation or “wanting” is different in GD subjects. 
But do GD subjects also show differing “liking” processes? Do they like monetary 
gains more than HC subjects? Or do they, as the RDH would suggest, like them less 
and that is why they have to accumulate more to reach the same level of satisfaction? 
The study by Sescousse et al. [78] looked at the processing of cued outcomes. There 
were no differences in liking ratings both with respect to monetary and erotic stimuli. 
However, the authors observed in GD compared to HC subjects that monetary 
rewards elicited a response more in the posterior (as opposed to expected anterior) 
regions of the orbitofrontal cortex (OFC). This region is known to represent more 
primary reinforcers (e.g., sex and food). Further, during the outcome phase, the lik-
ing ratings of subjects correlated with the VS signal in response to monetary out-
comes in both groups but in the case of erotic stimuli only in HC subjects. The 
authors interpreted that erotic stimuli in GD subjects, i.e., a natural reinforcer, cannot 
reliably be translated into a neural signal of motivation, perhaps explaining why 
erotic stimuli, i.e., a natural reinforcer, do not enhance approach motivation any-
more. These results show us that money for GD subjects may not be more or less 
pleasurable but work more as primary reinforcers than actual primary reinforcers.

In contrast, another study [91] observed no differences between GD and HC 
subjects in neural representation of reward outcome during an MID task. Yet, look-
ing more closely at the GD group, it became apparent that the insula signal during 
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gain outcome presentation was higher in depressed subjects than in non-depressed 
GD subjects. This result highlights the need for subclassifications within the cate-
gory of GD according to comorbid symptomatology and reminds us that GD sam-
ples often are very heterogeneous. Another study using a single-line slot machine 
task also did not find differences between GD and HC subjects during reward 
receipt [88].

In contrast, Reuter et al. [92] in a simple card-guessing task with gain and loss 
outcomes and illusionary choice observed reduced activity in response to reward 
receipt in VS and VMPFC in GD subjects, which was inversely correlated with GD 
severity. This means, in line with the RDH, that the stronger the activity in VS and 
VMPFC during reward receipt, the lower the GD severity.

In a seminal study by Miedl et al. [93], researchers let GD subjects play black-
jack and compared them to occasional gamblers (OG). Subjects had to choose 
whether to hit or stand and received an outcome on every trial. During wins com-
pared to losses, OG and GD subjects both showed similar activity in VS and poste-
rior cingulate. However, GD subjects showed stronger activation than OG in right 
superior frontal and parietal areas, which the authors of this study interpreted as an 
activation of gambling-related action sequences stored in memory, perhaps to 
already prepare subsequent gambling.

Habib and Dixon [94] found that GD subjects in a slot machine task had no over-
lap with OG in their network of activated brain regions after winning outcomes. 
This network included bilateral temporal, parietal, and cingulate areas, bilateral 
cuneus, postcentral gyrus, the uncus extending into the amygdala bilaterally, cere-
bellum, brainstem, and inferior frontal gyrus.

Using a gambling task simulating real-life risky decision-making (the Iowa 
Gambling Task, IGT), another study has observed differences in gain outcome 
processing [95]. In this study, GD subjects decreased their heart rate after losses 
and wins, whereas the HC group showed a decrease in heart rate after losses but 
an increase in HR after wins. Absence of a HR increase after wins may imply 
that reward sensitivity is decreased in GD, the authors suggested. However, 
another study found no differences in neural responses to gain outcomes in the 
IGT [96].

We have seen that with respect to gain outcome processing, GD subjects show 
more pervasive brain networks coding for gain outcome and different peripheral 
physiological outcomes. In addition, it seems that gain outcome signal from classi-
cal reward-associated brain areas (VS, VMPFC, and VLPFC) is reduced. These 
results may interact with comorbid symptoms such as depression.

Summary
Monetary and natural gain anticipation seems to be blunted in the VS in GD sub-
jects. In decision-making, increasing possible gains seem to lead to faster decisions 
and altered reactivity in parietal and dorsal striatal areas during the decision phase. 
There is ample evidence for altered neural processing in GD subjects during reward 
receipt.
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7.2.3.2  Loss Processing
Loss processing in the context of gambling disorder is manifold just like gain pro-
cessing. On the one hand, studies have investigated whether GD subjects anticipate 
losses in a different way than HC subjects. Researchers have asked whether GD 
subjects are more or less motivated when losses are at stake. On the other hand, 
studies have investigated how GD subjects react differently toward actual loss out-
comes than HC subjects. Do they care less about losses or are losses even rewarding 
to them? Finally, researchers have also asked whether GD subjects learn differently 
from loss and punishments than HC subjects.

Anticipation
VS activity in the MID task has been observed increased compared to HC subjects 
during loss avoidance trials [30]. This may support the idea that losses at stake have 
a positive motivational impact on GD subject. Note that in real life avoiding losses 
means not being more vigorous but usually means to refrain from gambling all 
together—especially at slot machines. However, Balodis et al. [85] and Choi et al. 
[86] have seen decreased activation during loss anticipation in the same MID task in 
VS and in the ventro-medial caudate, respectively. In gain anticipation, we also 
introduced waiting anticipation. Note that in a slot machine task, there is no loss- 
related waiting period. In the MID task, Balodis et al. [85] report no group differ-
ences during waiting anticipation of losses.

Decision-making
Loss processing in static (one-shot) value-based decisions boils down to loss sensi-
tivity or in other words anticipation of possible negative outcomes. This feature of 
the decision-making process can be well studied using the aforementioned LA task 
[90]. In the LA task, subjects are offered coin flip gambles with gain and loss out-
comes of different magnitude. Subjects decide how much they feel motivated to 
take each gamble. By many gamble offerings and thus many answers by the partici-
pants, it is possible to compute their decision-related gain and loss sensitivity. We 
may define LA as the ratio of these sensitivities (sensitivity to loss/sensitivity to 
gain). LA has been observed reduced in GD subjects [25, 89, 97–100] and corre-
lated with increased cognitive gambling-related distortions [89]. The reduction of 
LA is mainly seen in nonstrategic gamblers who have not yet received therapy. On 
neural level, LA is driven by brain areas such as the VS, the MPFC, insula, and 
amygdala which code for both gain and loss [90, 101, 102]. The study by Gelskov 
et al. [25] comparing GD and HC subjects on a LA task observed that GD showed 
stronger activation than HC subjects to extreme gambles (very favorable and very 
unfavorable) in a cortico-striatal executive network. Genauck et al. [89] observed 
that GD subjects displayed a decreased loss-related amygdala-VMPFC connectivity 
which may disturb a proper cost-benefit evaluation in this group [7, 103]. Loss sen-
sitivity and LA seem to be reduced in GD subjects. This may be reflective of altered 
task-related brain connectivity, cortico-striatal functioning, and related to increased 
cognitive gambling-related distortions.
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Outcome
After anticipation of losses and evaluation of losses during decisions, how do GD 
subjects react differently from HC subjects when actually experiencing losses? In 
line with the idea of losses as a motivating factor, GD subjects have been observed 
to respond with faster reaction times after losses, unlike HC subjects [53]. The study 
by Worhunsky et al. [88] showed a generally reduced neural reactivity in GD sub-
jects compared to HC subjects during loss outcomes. Habib and Dixon [94] found 
similar evidence, while another study found no differences [96]. Habib and Dixon 
[94] found reduced activity after loss outcomes in the midbrain, an area known to 
code for prediction errors [83]. Further, they found that the unique network activat-
ing for losses in HC subjects was extensive, while in PG subjects it only comprised 
the superior parietal lobule (SPL). Also reduced loss outcome activity in the middle 
frontal gyrus and VMPFC was negatively associated with a GD symptom severity 
score. The study by Romanczuk-Seiferth et al. [30] found diminished activity in GD 
subjects during successful loss avoidance pointing to the possibility that subjects 
may not feel positively or learn from the fact that they were successful in loss avoid-
ance. Hence, there is ample evidence that GD subjects tend to respond with blunted 
neural activity when experiencing losses which may be associated with increased 
GD symptom severity and higher gambling motivation in subsequent trials.

In gambling not all losses are simply losses. Losses that were attained but were 
almost a win are called “near misses.” A near miss is most commonly seen in multi- 
wheel slot machines where the wheels successively stop. In the case of three wheels, 
when the first two wheels are showing the same symbol (AA), then the gambler can 
win. When the third wheel then shows a different symbol (AAB), then the gambler 
almost won, i.e., had a near miss. Research has shown that these losses are qualita-
tively different from normal losses [104]. It also seems that some people are moti-
vated by near misses to gamble more [105–107], perhaps because it is interpreted as 
a signal that they are getting better at the game.

The study by Clark et al. [108] found that in healthy participants, near misses 
were rated as less pleasant than full misses. Interestingly, near miss outcomes 
recruited insula and striatal areas which also responded to monetary wins. What was 
missing in the near misses win circuitry in comparison to the real win circuitry was 
the activation of the rostral ACC (rACC). Depending on whether the subjects could 
exert control over the gamble (arranging the gamble vs. watching the computer 
arranging the gamble), rACC was activated during near misses in the high-control 
trials, and the opposite was true during low-control trials. This study shows that 
losses, when they are near-misses in high-control situations, can neurally be very 
similar to wins. Further, near miss neural reactivity in the midbrain has been shown 
correlated with gambling severity in regular (but not all GD) gamblers [109].

In contrast, the study by Worhunsky et al. [88], reporting on high-severity GD 
subjects, found that GD subjects showed diminished reactivity in VS compared to 
HC subjects during near misses which was interpreted as lower salience of these 
incidences. Non-GD gamblers in turn showed increased reactivity toward near 
misses vs. full misses in the VS and related areas.
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Habib and Dixon [94] recruited more low-severity GD subjects and found that 
this group uniquely activated the right inferior occipital gyrus, the right uncus 
extending into the amygdala, the midbrain, and the cerebellum in response to near 
misses. They thus showed an activation pattern closer to wins than to losses, while 
in non-GD subjects this was the other way around. It thus seems that especially 
regular gamblers or low-severity GD subjects on neural level display near misses as 
more win-like. High-severity GD subjects, in turn, seem to react with a generally 
blunted loss outcome signal, as we have seen already with normal losses.

Summary
Increased loss anticipation signal in VS plus decreased loss-related activity during 
successful loss avoidance may explain increased gambling. This is because GD sub-
jects may feel increased motivation to avoid losses but not feel enough satisfaction 
when actually being successful in avoiding losses. We have also seen that GD sub-
jects display reduced LA, i.e., a reduced inhibition to accept gambles despite high 
losses at stake. In addition, regular gamblers seem to be motivated from near misses 
as if they were gains, while GD subjects generally display a decreased reactivity in 
VS and other regions toward losses. The progression from regular gambling to GD 
may thus correlate with progressive loss outcome desensitization. Decreased sensi-
tivity to negative reinforcement [30, 110] as well as decreased sensitivity to losses 
may be supporting factors for loss chasing (gambling more to make up for losses) 
which further abets GD symptoms.

7.2.3.3  Uncertainty
So far, we have looked at gain and loss sensitivity because gains and losses are the 
possible outcomes of any gamble. However, the fundamental feature of any gamble 
is uncertainty. Gambles are by definition “risky,” i.e., associated with uncertain out-
comes. If we are unsure about an outcome O of an action α, it means O may turn out 
to be A or B. This is only important if A and B have different values. For example, 
the value of A might be smaller than the value of B. If I do not know which outcome 
O will take effect, in case I choose action α, then I am uncertain about O(α). This 
uncertainty can come now in two different flavors: choosing α may be risky or 
ambiguous [111]. If it is risky, then the gambler knows the probabilities (P) of the 
outcomes and is, technically, able to compute the expected value (EV) of α.

 EV P A value A P B value B( ) ( ) ( ) ( ) ( )a = * + *  (7.1)

The expected value is the average outcome of the action if I were to choose that 
action an infinite number of times under the same conditions. The risk can then be 
defined as [112]:

 Risk P A value A EV P B value B EV( ) ( ) ( ( ) ( )) ( ) ( ( ) ( ))a a a= * - + * -2 2  (7.2)

High risk thus means high variance in the outcome. The higher the risk, the less 
informative the EV. Note that this risk assessment is objective. This means that it is 
computable by a computer if all the variables are known, but it does not mean that 
it is computed necessarily by a human to base their decision on. Still the EV and the 
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risk (i.e., of an action outcome O(α)) may be used as experimental manipulations to 
check how subjects react to that.

Yet, there is another form of uncertainty, as already mentioned, which is ambigu-
ity. The outcome of an action is ambiguous when the values but not the probabilities 
are known to the subject. This case is actually much more common in real gambling 
situations. Subjects have a vague idea or must learn the probabilities of certain out-
comes. Subjects may have a general idea whether an action has higher or lower risk, 
but they cannot completely be sure of it.

Risk
As mentioned risky gambles are defined as gambles where the probabilities of all 
action outcomes are known. Researchers have asked how GD subjects react toward 
risky gambles. Is high risk exciting for them? Is it motivating? Are GD subjects less 
risk averse than HC subjects? Note that high risk often means high possible losses. In 
that sense, studies on risk processing are closely related to studies on loss sensitivity. 
It has been observed that PG subjects perform worse on gambles where the probabili-
ties of the outcomes are known [113]. Thus, GD subjects are indeed less risk averse 
than HC subjects (but do note the comments on this study in the computational section 
of this chapter). The study by Miedl et al. [93] also used the risk scenario (i.e., prob-
abilities of action outcomes were known to gamblers). The authors let GD subjects 
play blackjack in a high-risk vs. a low-risk scenario. Subjects had to choose whether 
to hit or stand and received an outcome on every trial. Here, GD and OG subjects did 
not differ in behavior. However, while GD subjects showed activation during high risk 
and deactivation during low risk in temporal and thalamic areas, as well as inferior 
frontal gyrus (IFG), OG showed the opposite pattern. This may be interpreted as 
higher task engagement in a high-risk situation for GD subjects, while the opposite is 
true for OG subjects. Similar to the findings in loss anticipation, these results could 
mean that high-risk gambles are more interesting and engaging to GD subjects than to 
OG subjects. In that vein, Power et al. [114] have found that before making high-risk 
choices, GD subjects in an Iowa Gambling Task (IGT) compared to HC subjects show 
increased frontal lobe, basal ganglia, OFC, caudate, and amygdala activation. Over 
time GD subjects made more disadvantageous choice than HC subjects. However, the 
IGT is complex and manipulates not only risk but also delay of the wins and losses. 
Further, the probabilities of action outcomes are not completely explicit but have to be 
learned by the gambler. So it may be that risk is not the decisive feature to explain the 
increased motivation to opt for the high-risk gambles.

Note that both mentioned studies by Miedl et al. [93] and by Power et al. [114] 
used complex ecologically valid tasks. But no computational models were used to 
explicitly model the decision-making process of the subjects. The question is what 
information do the subjects incorporate into decision-making and what do they 
learn from the experienced outcomes? How do experienced losses or wins affect 
their risk sensitivity from trial to trial? The used analyses (comparing “high risk” vs. 
“low risk” trials) may be rather rough. We will see later that especially complex 
tasks which involve learning profit from analyses which are based on a computa-
tional model.
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We have seen that risk seems to engage GD subjects more than OG and HC sub-
jects. It may even lead to more disadvantageous decision-making. Risk ultimately 
means that possible gains and losses become more and more uncertain. As we have 
seen with LA (classically tested under circumstances of steady maximal risk, i.e., 
50:50 coin flip gambles), HC subjects tend to overweight losses. This may be a 
heuristic to deal with the risk, i.e., the uncertainty. GD subjects perhaps do this less 
or even overweight gains in these situations [73].

Ambiguity
Ambiguous gambling situations (i.e., the probabilities of the action outcomes are 
unknown to the gambler) are more common in real-life gambling situations. GD 
subjects perform also worse on these kinds of gambles compared to HC subjects 
[113]. It further seems that performance on these kinds of gambles is a better predic-
tor for GD symptom severity than performance on risk tasks [113].

The Balloon Analogue Risk-Taking Task (BART) tests the behavior of gamblers 
in response to an ambiguous gamble [115, 116]. On a computer screen, the gambler 
has to fill up a balloon with air. The more the gambler fills air into the balloon, the 
more they can win. However, the more air they fill into the balloon, the higher the 
probability that the balloon will pop and all the money accrued gets lost. Krmpotich 
et al. [117] observed no significant difference between GD subjects compared to HC 
subjects in risk-taking assessed with the BART.

The Iowa Gambling Task (IGT) is an extensively studied task where subjects 
have to learn probabilistically about four decks of cards by drawing a card on every 
trial. Over time subjects are able to learn through trial and error which decks are 
more advantageous and which are less. As mentioned earlier, the task is better clas-
sified as a task testing for reaction to ambiguous rather than risky gambles [113]. It 
has consistently been shown that GD subjects on average perform worse on the IGT 
[53, 113, 118], although there are exceptions [96]. Goudriaan et al. [95] investigated 
GD vs. HC subjects in an IGT task gathering peripheral-physiological data. During 
anticipation of disadvantageous decks, GD subjects showed less reduction of heart 
rate and lower skin conductance responses than HC subjects. Together with the 
altered neural signatures in response to high-risk gambles discussed earlier, this 
may mean that GD subjects fail to properly assess or anticipate high-risk gambles.

We have seen that GD subjects indeed react differently to risky and ambiguous 
gambles compared to HC subjects. Response to ambiguous gambles may even be a 
useful predictor for GD symptom severity. However, as we have also seen, risk is a 
higher-order gamble feature, already on mathematical level. Altered risk sensitivity in 
GD subjects is ultimately the product of altered gain, loss, as well as altered probabil-
ity sensitivity [49, 119]. Computational models incorporating these basic processes 
may thus disentangle the neural disturbances leading to altered risk processing [112].

7.2.3.4  Delay
After discussing different magnitude sensitivities for gains and losses, as well as 
altered risk and probability sensitivity in GD subjects compared to HC subjects, we 
will now turn to delay as the final feature which needs to be incorporated in any 
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subjective value computation. The question whether a reward or a punishment will 
take effect immediately or, let us say, in a month, can be of vital importance and 
confers distinctive neural signatures [120]. Increased delay discounting (DD) of 
rewards has repeatedly been associated with addictive disorders [121]. Researchers 
have asked if also GD subjects show increased DD for rewards.

Indeed GD subjects show increased DD of rewards, and it has been associated 
with GD severity [93, 97, 122, 123]. Patients suffering from both GD and at least one 
SUD show even higher DD of rewards [124], although this finding has been chal-
lenged as a possible artifact due to differences in intelligence levels between GD and 
HC subjects [117]. Also casino environments seem to increase DD of rewards in GD 
subjects [125]. We are not aware of any neurobehavioral studies on DD of rewards in 
GD which use a non-computational approach to investigate the neural bases of GD 
subjects’ increased DD of rewards. Note also that lower performance on the IGT 
may be due to increased DD to rewards. We will discuss this in a later section.

7.2.3.5  Learning from Reward and Punishment
When we talk about decision-making, we eventually have to talk about learning. 
People can only make decisions based on learned values and policies. We have seen 
so far that the value of an action outcome is subjective and draws upon experience 
and knowledge as to the possible gain, loss, associated probabilities, and delays. A 
policy is a decision-making style or more formally speaking the probability of 
choosing a certain option in a given situation, and given the learning history (what-
ever has been learned about the value, the probability, and the delay of the outcomes 
of the option in question).

Learning from punishment, according to reinforcement learning theory, should 
mean decreasing the likelihood of displaying the behavior which has been associ-
ated with punishment. In gambling, punishment means losing money. People should 
stop gambling when they are losing money. Through learning from punishment, the 
subjective value of the gamble should plummet, and so should the estimated prob-
ability of winning. However, GD subjects have been observed to stick with the same 
option despite received punishment (perseveration) [53]. This points to a learning 
impairment in GD subjects.

The so-called dopaminergic (DA) prediction error signal in the midbrain and in 
the VS has been brought into correlation with the prediction error (PE), the decisive 
learning signal from reinforcement learning [6, 126]. When an outcome is larger 
than the subjective value of an option, then it should be positive and we should see 
a burst in DA in the VS (positive prediction error). However, when it is smaller, then 
we should see a short silencing in comparison to tonic DA activity, indicative of a 
negative prediction error [83, 126]. In other words losing money should reduce DA 
activity and winning money increase DA activity.

In studying GD subjects, researchers often use probabilistic learning tasks to 
model the kind of learning that is pertinent to real-life gambling situations. 
Specifically, probabilistic learning means that the feedback is not deterministic 
when learning about a certain action outcomes. A bad option will mostly confer bad 
outcomes but sometimes also good outcomes or no outcomes.
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Probabilistic Learning

Iowa Gambling Task
As we have discussed above, GD subjects generally perform worse on the Iowa 
Gambling Task (IGT) than HC subjects. Studies have used a sum score to assess 
performance in the IGT [99]. We have argued that impaired performance in the IGT 
may be due to differences in gain, loss, or probability sensitivity, or increased DD 
to rewards. However, it may also indicate a learning impairment. Perhaps PE DA 
signals are attenuated in GD subjects, and hence, they experience diminished learn-
ing signals from which to correctly compute a proper value estimate.

Linnet et al. [127] used an IGT in a positron emission tomography (PET) setting 
to measure DA release during IGT gambling. Note that PET is sluggish, and there-
fore we can only measure a mean DA release during gambling. The authors com-
pared GD vs. HC subjects and observed that HC subjects (n = 10) and GD subjects 
(n = 8) who won money on the IGT showed comparable DA release. However, 
when comparing GD (n = 8) who lost money on the task and HC subjects (n = 5) 
who also lost money on the task, GD subjects showed more DA release in the stria-
tum than HC subjects. In other words, GD subjects that lost money had DA release 
levels as if they were HC subjects that were winning. It thus seemed they experi-
enced too many or too big positive PEs. Further, the authors found that DA recep-
tor availability or overall DA release was not different between HC and GD subjects 
[128]. However, in GD subjects DA release was correlated with worse performance 
in the IGT and in HC vice versa [128]. This points to an impaired or—more pre-
cisely—inverse functioning of the DA system in GD subjects, where on the one 
hand objectively negative PEs seem to get “rewarded” with DA boosts and hence 
might reinforce risky choices. On the other hand, positive PEs lead to no DA shoot 
or a too small one, so that GD subjects learn too little about what the good decks 
are. In fact, a study by van Eimeren et al. [129] using DA agonists in Parkinson’s 
disease patients suggested that the tonic stimulation of DA receptors specifically 
desensitizes the DA reward system by preventing decreases in DA transmission 
that occurs with negative PEs. The authors propose that in GD subjects lack of 
pauses in DA transmission impairs the extinction effect that losing should have on 
gambling.

Tanabe et al. [96] have also used the IGT in GD subjects with SUD (GD/SUD) 
and without SUD to test whether impaired decision-making in these cohorts is due 
to dysfunctions in MPFC and lateral prefrontal areas (Fig.  7.1). They found 
decreased activity during decision-making in both SUD and GD/SUD subjects, 
with least activity in GD/SUD subjects. As mentioned earlier the authors did not 
find differences with respect to gain or loss outcomes. The IGT is a complex 
decision- making task incorporating gain, loss, delay, and probability sensitivities. 
Decreased activity in certain brain areas during the decision-making period is thus 
hard to interpret. Below we will discuss a reanalysis of the aforementioned study 
where the authors used a computational model of the IGT significantly increasing 
interpretability of the results [130].
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We have seen that IGT performance is reduced in GD subjects. This may be 
related to impaired learning based on disturbances in PE signal generation in the 
striatum. Due to its complex nature, computational modeling of IGT data may prove 
particularly relevant.

Reversal Learning
A special challenge in learning from probabilistic feedback are reversals. This 
means the environment can change, such that what used to be good is now bad and 
what used to be bad is now good. This problem lies at the heart of addictive disor-
ders because the challenge is to learn that a behavior which used to bring mostly 
pleasure now brings mostly pain [14, 131]. However, inferring from probabilistic 
feedback whether or not the environment has changed is a special challenge. After 
all a negative feedback may be indicative of a reversal or may be just noise. Addictive 
disorders have been repeatedly related to increased response perseveration in rever-
sal learning tasks [29, 48, 132–134]. This may be a reflection of failure to learn from 
punishment or devaluation, as it may happen in real life. Despite the fact that the 
addicted patient gets negative feedback for a formerly pleasurable behavior (e.g., 
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A B C D

Play or pass?

Decision (2 seconds) Outcome (4 seconds)

Press faster
Your total is $2,000

You win $150
Your total is $2,150 

You pass
Your total is $2,000

Pass

play

No
response

Fig. 7.1 The Iowa Gambling Task as adapted by Tanabe et al. [130]. In every trial, subjects are 
presented with four stacks of cards. Subjects have two options: pass or play. When playing then 
subjects have to draw a card from one of the stacks. Cards are associated with rewards and punish-
ments. Through trial and error, subjects have to learn from which stacks to choose to accumulate 
wins. Two stacks are associated with occasional large wins but also large losses. The other two 
stacks are associated with small wins and small losses and will in the end lead to higher net gains. 
From: [130]: Figure 3 (Supp.). Reprinted with permission from the American Journal of Psychiatry, 
(Copyright ©2013). American Psychiatric Association. All Rights Reserved
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drinking alcohol), they will continue the behavior. Note that the reversal task lends 
itself for behavioral computational modeling and hence for model-based fMRI [48]. 
However, the task may also be analyzed in classical statistical ways. It has been 
found that the ability to adapt to reversals in the probabilistic reward feedback is 
predictive for relapse in GD subjects [52]. However, results from a reversal task in 
GD subjects using deterministic feedback (Wisconsin Card Sorting Task) has been 
observed not to be different from HC subjects [118]. Hence, reversal in probabilistic 
environments seems more relevant to studying GD.

de Ruiter et al. [135] have used the reversal learning task in GD subjects in an 
fMRI setting. They found that GD subjects performed worse than HC subjects and 
smokers (i.e., won less money). The authors concluded that this was due to response 
perseveration (sticking too long with an option that is no longer rewarded). Further, 
they correlated the win outcomes with fMRI data. They observed that GD subjects 
showed less responsiveness of the VLPFC to monetary gain. Hypo-responsiveness in 
the ventral (lateral) prefrontal cortex seems common in addictive disorders and related 
to impaired functioning of ventral striatal functioning [136]. However, the results of 
the study remain a bit unspecific. The gain trials lumped together are actually not all 
of the same kind, because they may constitute positive or negative PEs (which seem 
to be encoded in lateral prefrontal areas [137, 138]). Thus, the results are hard to inter-
pret. Also the behavioral analysis is rough, even for a statistical analysis, because 
money won is the only variable analyzed. A computational approach modeling how 
subjects learn from positive and negative prediction errors in the reversal task would 
have probably been more informative (please see discussion below).

We have seen that GD subjects perform worse in probabilistic reversal learning 
tasks and that their performance may be predictive for relapse. However, without a 
computational model which explains the generation of reversal task behavior, it is 
difficult to explain the causes for this response perseveration. To our knowledge, 
there exist so far no reversal task studies in GD subjects using computational mod-
els. Reduced sensitivity to loss outcomes, in combination with steady high anticipa-
tory motivation in response to high risk, may be explanatory factors.

Loss Chasing
The only diagnostic criterion of GD that is specific to the disorder compared to SUD 
is loss chasing. Loss chasing is the phenomenon that patients, after losses, rather 
than stopping gambling, feel an urge to gamble more, in order to make up for their 
losses [14]. In that sense, losses, paradoxically, seem to have a reinforcing effect for 
gambling behavior. In GD, it has been observed that they show increased speed after 
losses compared to HC subjects in the IGT, a card playing task, and in the go/no-go 
task [53]. This may be a reflection of the reinforcing or invigorating effect of losses 
for GD subjects. From a reinforcement learning perspective, where losses should 
yield demotivation of gambling behavior, this phenomenon cannot be so eas-
ily explained. A study by Campbell-Meiklejohn et al. [139] investigated the neural 
basis of loss chasing in HC subjects using fMRI. Subjects started with fictive 20,000 
British Pounds. The task consisted of different kinds of blocks where subjects would 
start with losing amounts of 10, 20, 40, …, 160 pounds. After losing, subjects could 
choose to stick with the loss and start a new round or choose to chase the loss, i.e., 
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choose to gamble, where they could either win the money lost back or lose the same 
amount again. In case of losing, they would be able to choose again whether they 
would want to chase the complete loss or give up and accept the loss. In case of 
winning, subjects “won back” the loss and the block ended (Fig. 7.2). Chasing could 
only be done until an amount of 640 British Pounds was accrued (i.e., maximally six 
rounds of chasing). Probabilities of winning and losing were unknown to the sub-
jects, so this was an ambiguous gambling task.

Subjects chased on 73% of the trials and stopped chasing after on average two 
chases. This indicates that subjects do not evaluate every trial independently. If that 
were the case, they should keep chasing. Subjectively, losses rather seem to “add 
up.” Decisions to quit were associated with increased activity in dorsal anterior 
cingulate cortex (dACC), posterior cingulate, anterior insula, and parietal cortex 
and decreased activity in the VMPFC and subgenual ACC (sgACC). Decisions to 
chase were associated with decrease in activity in dACC and anterior insula and 
inferior frontal gyrus. In general, decisions to quit lead to more activity than deci-
sions to chase. Further, subjects with high interpretive bias (“When I win, it is a sign 
that I mastered the game”; “When I lose, then it is bad luck”) showed reduced activ-
ity in quitting associated areas (dACC, posterior cingulate, anterior insula).

The authors also took a reinforcement learning perspective of the task. They 
compared wins after chases against losses after chases (i.e., PE+  >  PE−). This 
revealed stronger activity in VMPFC and posterior cingulate. This indicates that 
positive PEs yield to activation and negative PEs to deactivation in these areas. Both 
good and bad outcomes after chase decisions against decisions to quit (PE in gen-
eral) were associated with activity in VS, putamen. Checking how negative out-
comes after a chase followed by a decision to chase are different from negative 
outcomes after a chase followed by a decision to quit revealed increased activity in 
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Fig. 7.2 Loss chasing game [139]. Left panel: Three different trials are displayed (from left to 
right). In the first trial, the subject started with losing 10 pounds, chooses to gamble (winning back 
10 or losing 20) to get the money back, and wins. In the second trial, the person starts with losing 
40 pounds, chooses to gamble, and loses 80 pounds. The person is then asked if they want to chase 
again or quit. In the third trial, the person starts with losing 160 pounds and immediately chooses 
to quit gambling. Right panel: Correlation of the loss chasing game score with an independent 
self-report gambling measure asking about chasing tendencies. The correlation highlights the 
validity of the task. Reprinted from [139], Figure 1. With permission from Elsevier
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dACC, a known conflict monitoring area, and indicated earlier in being associated 
with increased propensity to quit.

The authors argue that their results are in line with previous studies, which have 
associated VMPFC and sgACC with appetitive states and dACC as well as anterior 
insula with the experience of disgust and anxiety. The presented study provides a 
valuable framework for the analysis of the neural basis of loss chasing. A recent 
study has used the task to compare GD and HC subjects in loss chasing [140]. GD 
subjects showed stronger activity during quitting in a medial frontal executive- 
processing network, including ACC. This may be interpreted as stronger activity 
need to successfully quit chasing in GD subjects compared to HC.

Near Misses
Near misses, as discussed earlier, seem to have a powerful affective effect [108]. In 
the mentioned study, it was found that near misses are unpleasant to HC subjects but 
they increase the desire to play, anyway. This is the case when the subjects have 
some control over the gamble. In other words, subjects learn falsely from feedback. 
This is perhaps the case because the slight control over the gamble lets them con-
clude that a near miss means that they almost made it and they only have to increase 
their effort. This is noteworthy because GD subjects tend to display bigger illusions 
of control [141]. Worhunsky et al. [88], as noted earlier, have found no effect of a 
near miss “as-if-win” circuit like Clark et al. [108] have in HC subjects. However, 
they found an increased anticipatory affect in GD subjects. It thus seems that near- 
miss effects are important in healthy gambling and, as mentioned earlier, early prob-
lem gambling [109]. Later, in GD subject, near misses are desensitized just like all 
loss outcomes. So they cannot have an effect on learning anymore. However, antici-
pation of gambling still invokes heightened motivation.

We have seen that GD subjects seem to learn worse from negative feedback and 
thus persevere in their gambling behavior. This may be due to impaired processing 
of probabilistic feedback, loss chasing, as well as increased motivation to gamble in 
response to near misses. Computational models of learning from rewards and pun-
ishments in GD subjects are needed to disentangle disturbances in the many sub- 
processes contributing to impaired learning.

7.3  Changes in the Neural Substrate

Since computational models in psychiatry are often used to relate clinically relevant 
behavior more distinctively to the underlying neural processes [38], we have to 
understand which neural “hardware” GD subjects are working with. In particular, it 
is important to understand in what way the GD brain is different from the HC brain, 
and we may then wonder how these differences in the “hardware” may influence the 
“software,” i.e., the functions or behavior of GD subjects. Structural and physiologi-
cal differences may be predisposing factors or may be results of repeated behavior 
and learning [142–144]. From extensive research on brain plasticity, we know that 
the brain may undergo substantial structural changes simply by training and 
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practicing, without the application of any drug [145]. Essentially the very process of 
learning is reflected in structural changes, such as strengthening of synapses, build-
ing of new synapses, and the creation of new neural dendrites. Further, addictive 
disorders are known to influence and be influenced by alterations in neurotransmit-
ter systems [146, 147]. Even without a computational model relating neural sub-
strate, neural function, and clinically relevant behavior, researchers may ask whether 
changes in neural substrates are correlated with GD severity.

7.3.1  Gray Matter

Gray matter is comprised chiefly of neuronal somas, their dendrites, synapses, and 
unmyelinated axons [148]. Two studies investigating whole brain differences in 
gray matter have found no differences in gray matter volume between GD and HC 
subjects [149, 150]. Region of interest (ROI)-based studies have found in GD sub-
jects reduced volume in the left hippocampus and right amygdala compared to HC 
subjects and a positive correlation between impulsivity self-report scores and left 
hippocampal and left amygdalar volumes in the GD group [151]. In a study by our 
own group [28], we used the prefrontal cortex (PFC) and VS as ROIs because of the 
importance of these brain regions with respect to reward processing and inhibitory 
control [84, 152]. We observed higher volume in the right prefrontal cortex and right 
VS in GD subjects compared with HC subjects. Hypertrophy was seen in bilateral 
putamen which was correlated with GD severity. Increased gray matter volume and/
or density may be due to increased number of synapses due to learning [153]. 
However, in neocortical areas, it may also point to an increased number of actual 
neurons, as has been observed in macaque monkeys [154]. More synapses and more 
neurons may lead to better signal-to-noise ratio in neural computations [155]. 
Hence, gray matter volume/density as putative proxies for computational efficiency 
should be taken into account when designing computational models of GD subjects’ 
behavior.

7.3.2  White Matter

White matter is comprised mainly of myelinated axons and very few neuronal 
somas [148]. White matter integrity in GD compared to HC subjects has been inves-
tigated in only few GD studies. Joutsa et  al. [150] have found no differences in 
white matter integrity, but the structural connectivity between several regions was 
reduced in GD subjects. Those were in the corpus callosum, the cingulum, the supe-
rior longitudinal fascicle, the inferior fronto-occipital fascicle, the anterior limb of 
internal capsule, the anterior thalamic radiation, the inferior longitudinal fascicle, 
and the uncinate/inferior fronto-occipital fascicle. Yip et  al. [156] have found 
reduced genual corpus callosal white matter integrity in GD subjects which was 
correlated with a sensation seeking self-report measure. In a study by our group 
[157], we have observed increased functional connectivity during resting state 
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between limbic regions and prefrontal regions, as well as reduced functional con-
nectivity (correlation of fMRI time series between two regions) between prefrontal 
regions. Similar findings were reported by Tschernegg et al. [158]. The latter authors 
also applied a graph-theoretical approach to resting-state data from GD subjects to 
examine network properties on the global and nodal levels. GD subjects demon-
strated no alterations in global network properties. At the nodal level, however, they 
showed alterations in network properties in the paracingulate cortex and the supple-
mentary motor area (SMA). At an uncorrected threshold level, alterations also were 
observed in the inferior frontal gyrus and caudate.

We have seen that structural and functional connectivity alterations may be pres-
ent in GD subjects. This should be taken into account when designing computa-
tional models of task-related neural functioning in GD subjects. Free parameters 
modeling connectivity strength between specific areas may be included in such 
models.

7.3.3  Neurotransmitters

7.3.3.1  Dopamine
Dopamine (DA) is arguably the most studied and most prominent neurotransmitter 
associated with addictive disorders. DA is so popular with addiction researchers 
because it seems to code for prediction errors and thus has major implications in 
learning, motivation, and action selection [83, 126]. Both the reward deficiency 
hypothesis and the incentive salience hypothesis of addiction are based in the mech-
anisms of the meso-cortico-limbic DA system [40, 41, 77]. Despite its prominence 
in addiction research, there is yet no DA medication for the treatment of addictive 
disorders [159]. DA medication studies using DA antagonists in GD subjects have 
yielded conflicting results [159]. However, a study by Zack and Poulos [160] has 
observed that high-impulsivity GD subjects profit from modafinil (a DA transporter 
inhibitor raising tonic extracellular DA levels), while low-impulsivity GD subjects 
rather become more pathological in relevant measures. This indicates the impor-
tance of defining subgroups of GD to understand the disorder and devise proper 
treatments.

Further, it is well-documented that some Parkinson’s disease (PD) patients 
receiving DA agonist therapy (to counter atrophy of DA neurons) develop GD [159, 
161]. A study by Steeves et al. [162] has investigated DA reactivity during a gam-
bling task in PD patients under DA agonist therapy. One group of these patients had 
developed GD (PDGD); the other group had not (PD). The authors observed that 
PDGD subjects had a stronger increase in DA release in the VS during gambling vs. 
neutral trials in comparison to PD subjects. Further, the general binding of the DA 
receptor ligand in VS was reduced in PDGD subjects during both conditions. This 
hints at reduced VS D2/D3 receptor availability in PDGD patients. It is a common 
finding that VS D2/D3 receptors are reduced in SUD populations [163–165] and 
perhaps a predisposing factor for the development of addiction, in line with the 
reward deficiency hypothesis [166–169].
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However, as already mentioned, Sescousse et al. [78] observed that the reward 
deficiency hypothesis does not seem to be valid in GD. Moreover, there is recurrent 
evidence that D2/D3 receptor density is not reduced in GD subjects but only corre-
lated with GD symptom severity and subjective gambling high [23, 27, 127, 165]. 
This indicates that PDGD is etiologically different from GD in non-PD populations 
[161]. Further, in the pursuit of pharmacological treatments for GD, other DA 
receptors may need to be taken into consideration [170].

We have seen that DA receptor density and functioning are informative within 
GD subjects since they relate to gambling high and behavior and putatively cue 
reactivity [171]. However, DA variables seem not so informative to differ between 
HC and GD subjects. Computational models trying to explain behavior in GD 
should incorporate free parameters for tonic and phasic DA signaling, since these 
variables can have effects on the relative importance of the striatal prediction error.

7.3.3.2  Other Neurotransmitters
Norepinephrine or noradrenaline (NA) is a neurotransmitter that renders the body 
and brain ready for action. It is lowest during sleep and rises during wakefulness and 
is even more increased during stress [172, 173]. GD studies using blood and urine 
samples, as well as drug challenges and fMRI, have noted heightened levels of NA, 
suggesting increase in  arousal and excitement  associated to GD [174]. Another 
study [175] suggested that increased sensitivity to or increased release of NA elicits 
a stronger stress response in GD than in HC in the amygdala. Hence, GD subjects 
might be more easily triggered into action mode via noradrenergic processes. This 
might also facilitate risky and rash choices as seen in gambling.

Serotonin is a neurotransmitter implicated in a wide array of behaviors including 
sleep, sex, memory, and social behavior [176]. Most notably, serotonin has been 
linked to the computation and processing of negative prediction errors and to the 
behavioral changes ensuing [177, 178]. As a consequence, serotonergic signal has 
been suggested as the basis of LA in a computational neural network model [103]. 
Serotonin levels may be reduced in GD subjects [179]. However, studies investigat-
ing the effects of serotonergic agonists on GD severity have yielded mixed results 
[174].

Endorphins or opiodergic peptides have been associated especially with plea-
sure, pain reduction, and reward receipt processing. In other words, endorphins are 
integral in outcome processing and “liking” [180]. Notably, stimulation of opioid 
receptors in the ventral tegmentum (midbrain) and nucleus accumbens (VS) modu-
late the release of midbrain DA [181, 182]. Further, in detoxified alcohol-dependent 
patients, μ-opiate receptor density in the VS has been observed increased and cor-
related with subjective craving [183]. Endorphin release has been associated with 
gambling anticipation and winning during gambling [184]. Opioid antagonist ther-
apy in GD subjects has yielded mixed results so far [174].

Neurotransmitter systems such as the NA or DA system are likely changed in GD 
subjects. Such changes should be considered in computational models based on 
neural architecture and neural mechanisms. However, studies on neurotransmitter 
system changes in GD are still anything but conclusive. For a detailed review on 
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these studies and related pharmacological treatments studies, please refer to Bullock 
and Potenza [174].

7.4  Computational Studies on Gambling Disorder

In this section, we will review studies, which used computational modeling (CM) to 
discern the bases of neurobehavioral disturbances in GD.  We will review studies 
which used computational models to analyze behavioral data from GD subjects and 
studies which used computational models to link mechanistically neural data to 
behavioral data. The latter studies will be limited to model-based fMRI studies [4]. 
Note that all studies reported in this section relate to the symptom cluster “neglect of 
other areas in life” [3]. Computational studies on loss of control (response inhibition) 
and craving (cue reactivity), to our knowledge, are yet non-existent in GD literature.

Research using computational modeling (CM) in GD has largely focused on 
explaining impaired decision-making. The models used are based on prospect the-
ory [185] and reinforcement learning (RL) theory [6] (Fig. 7.3). Bayesian exten-
sions of RL are also considered [186]. Prospect theory emphasizes the fact that the 
EV (Eq. (7.1) see above under Sect. 7.2.3.3) of a gamble is always subjective. It 

Initialize Q(s, a) arbitrarily

Repeat (for each episode):

Initialize s
Repeat (for each step of episode):

Choose a from s using policy derived from Q (e.g., e-greedy)
Take action a, observe r, s¢

Q(s, a) ← Q(s, a) + a[r + γ maxa! Q(s¢, a¢) – Q(s, a)]
s ← s¢;

until s is terminal

Q(st, at) ← Q(st, at) + a [rt+1 + γ max Q(st+1, a) – Q(st, at)]a

Fig. 7.3 Temporal difference learning or Q-learning [6]. Depicted is a form of temporal difference 
learning, namely, Q-learning. The agent has to learn which action best to pick in any given state. The 
agent solves this task by caching and updating Q-values for every state-action pair. Q-values get 
updated on every trial by adding to the old respective Q-value (i.e., the predicted Q-value) a dis-
counted prediction error. The discount parameter (learning rate) is α, which is assumed between 0 
and 1. Note that if α is 1, then the experienced reward (reward plus estimated value of next state) 
completely replaces the old Q-value within one trial. The box below displays a program that simu-
lates the behavior of an agent given a set of states and actions associated with certain reinforcement 
schedules. The program will converge to the agent picking the best action in all states given enough 
trials and a stationary environment. Note that this learning algorithm does not split updating values 
and preferences (critic vs. actor), as discussed later. Everything is only learned in Q-values. A policy 
is a set of rules governing how to choose from n actions available in a given state which are associ-
ated with n Q’s. An ε-greedy policy picks always the action with the highest cached Q-value except 
sometimes (with a probability of ε) it picks randomly. Other policies exist, such as the softmax rule 
using a consistency parameter. r, reward; t, trial or time step; γ, discount rate for future state-action 
Q-values; s, state; s′, new state after performing chosen action a; a′, action in next state
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depends on the current state of the agent, on their gain and loss sensitivity, on their 
probability sensitivity, and on their delay discounting of rewards and punishments. 
Note that we will use these parameters to structure this section, just as we have done 
when reporting on classical studies. RL theory is based in behaviorism and on 
Thorndike’s law of effect [187]. The law of effect is the observation that agents 
repeat behaviors which are rewarded, i.e. reinforced. Bayesian RL incorporates the 
online estimation of probability distributions of reward returns to allow for an opti-
mal trade-off between exploration and exploitation on every choice [186, 188]. 
Other (knowledge-based) decision-making models have been suggested to explain 
risky choices but not yet applied to GD subjects [189].

7.4.1  Gain and Loss Processing

A computational framework of gain processing eventually tries to answer how the 
objective values presented to a human (i.e., the anticipation of 10 € or the receipt of 
10 €) are transformed into a subjective value. Using a CM on IGT data, Lorains 
et al. [99] have found heightened outcome-related gain and loss sensitivity in strate-
gic problem gamblers but reduced outcome-related loss sensitivity in non-strategic 
gamblers. The ANDREA (Affective Neuroscience of Decision through Reward- 
based Evaluation of Alternatives) model presents a complete neurobehavioral spik-
ing neuron model synthesizing how a brain could do this, also explaining phenomena 
such as loss aversion and the framing effect [103]. The model by Basten et al. [7] 
uses a similar approach and further relates the neural predictions to concrete fMRI 
signal hypotheses. Both models emphasize the co-working of multiple brain areas 
connected in a network. The models have been used to generate explorative hypoth-
eses on neural data collected during a LA task performed by GD subjects [89]. The 
authors found that GD subjects showed stronger connectivity from amygdala to 
bilateral posterior OFC with rising monetary gains at stake. The posterior OFC has 
been associated with processing of more primary rewards [78]. Further the connec-
tivity from amygdala to VMPFC with rising losses was stronger in HC than GD 
subjects, which may be indicative of an impaired cost-benefit computation [7].

The study by van Holst et al. [74] has already been discussed. Interestingly the 
authors performed both a linear correlation analysis with BOLD response in the 
striatum with the objective value (no computation assumed) and with the positive 
expected values, i.e. EV+ = objective gain value * P(objective gain value). This 
formula assumes a trial-by-trial transformation of the gain value based on the objec-
tive probability of winning known to the subject. Both variables lead to a significant 
group difference with PG subjects showing stronger dorsal stiatum (DS) signal, but 
using the computational value lead to a stronger group difference effect. Further, the 
EV+ signal in amygdala was negatively related to a GD symptom severity scale. 
This speaks in favor of computational values (based on specific assumptions of 
computed values represented by certain neural populations) which may lead to 
more apt descriptions of group differences in studies comparing GD and HC sub-
jects. Also note that this result may be in line with the model by Piray et al. [131], 
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which predicts growing action preferences in DS compared to reduced action val-
ues in VS.

We have seen that subjective gain values may be differently represented in OFC 
in GD compared to HC subjects. Further, neural network models of gain and loss 
anticipation suggest that the amygdala—a structure putatively assigning salience to 
represented values [190, 191]—may bias wins over losses during the assessment of 
offered gambles.

7.4.2  Learning from Reward and Punishment

When reporting on classical studies, computational modeling is particularly useful 
when dealing with learning paradigms. During gambling, GD subjects experience 
reward and punishments in response to their choices and hence are exposed to spe-
cific reinforcement schedules [187]. Computational modeling of choice behavior is 
particularly apt to investigate how GD subjects respond to such reinforcement 
schedules. In this context we will firstly focus on the findings of computational 
models capturing differences between GD and HC subjects in responding to rewards 
and punishments. In the classical studies section, we have seen that increasing gains 
at stake may lead to faster reaction times in GD subjects but not HC subjects. Other 
than that behavioral results on gain processing were inconclusive, and we have 
pointed out that computational models could discern better the contribution of gain 
sensitivity in explaining GD subjects’ choice behavior. We have noted that espe-
cially the IGT is used to investigate GD subjects’ gambling behavior but that its 
overall performance score falls short in explaining the exact structure of disadvanta-
geous choice behavior in GD subjects.

Power et al. [114] have found decreased learning in the IGT task by computing 
an IGT summary score for every quartile of trials. Tanabe et al. [130] followed up 
on a previous IGT study [96] and demonstrated how computational modeling can 
increase the interpretability of neural and behavioral differences between a clinical 
group with SUDs and HC subjects on this task. The expectancy valence model 
(EVM) of the IGT assumes three free parameters: the sensitivity to gain outcome vs. 
loss outcome (ω), the learning rate (α), and the choice consistency growing over 
trials (tc/10). SUD subjects showed reduced choice consistency over trials and a 
trend of reduced sensitivity to loss outcomes. There was no difference in the learn-
ing rate (α). Importantly the EVM, like any RL model, allows the modeling of pre-
diction errors on every trial. There is ample evidence that the VS (but not the dorsal 
striatum) and ventral medial prefrontal (but not lateral) areas represent PEs which 
are used to update the action selection policy [192]. Tanabe et al. [130] observed 
that SUD subjects displayed a weaker PE signal in these areas than HC subjects. It 
tells us that people suffering from addiction generate less of a teaching signal to 
update their behavioral policy leading to greater losses when gambling. Krmpotich 
et al. [117] used the same analysis approach with GD subjects who also suffered 
from an SUD (SDGD) and subjects who only suffered from an SUD (SD subjects). 
They found again no reduced learning rate, but reduced consistency and reduced 
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loss outcome sensitivity, with SDPG showing always the steepest reductions com-
pared to both SD and HC subjects. The question would now be whether also GD 
subjects without SD show the same differences in the behavioral parameters and 
whether they also suffer from a reduced BOLD representation of the PE signal.

Lorains et al. [99] used the IGT in strategic (e.g., poker gamblers) (SPG) and 
non-strategic problem gamblers (e.g., slot machine gamblers) (NSPG) and acquired 
behavioral data. Only NSPG performed worse than HC subjects according to the 
sum score of the task. The authors also applied a CM to analyze the behavioral data. 
The prospect valence model (PVL) is an extension to the EVM. It includes a LA 
parameter for received outcomes (λout), a learning rate (α), a utility shape exponent 
(β), and a consistency parameter (c). SPG showed greater sensitivity to gains, higher 
outcome-related loss aversion, but lower consistency (more erratic, random behav-
ior). There was no difference on the learning parameter α. NSPG showed similar 
PVL parameters as controls. They only showed lower outcome-related LA. Hence, 
GD subjects may differ not only in their net score but also on the structure of their 
choice behavior. Strategic gamblers actually show higher loss aversion than HC but 
more exploration behavior (random behavior) which may indicate more openness to 
explore against the odds. Non-strategic gamblers on the other hand seem to suffer 
mainly from reduced loss outcome sensitivity which in the end really hampers their 
learning. As mentioned earlier in the same study, Lorains et al. [99] also found a 
reduced anticipatory LA in NSG but not SG. The CM and the split of the gamblers 
group into NSG and SG have shown us what the target for therapy, at least for non- 
strategic gamblers, could be: increasing LA on anticipation and outcome level. We 
thus see that CMs can also help make neurobiological studies more translational 
with respect to devising new therapy methods and targets. Further, the results by 
Lorains et al. [99] are quite in line with the SDPG study by Krmpotich et al. [117]. 
However, the comparison of the PVL [99] and the EVM [117] also shows us that RL 
models are somewhat arbitrary. We can introduce always slightly different parame-
ters in slightly different equations to account for new cognitive-affective theoretical 
ideas as to how the subjects may solve the task. This makes parameter comparisons 
across studies difficult. Computational models should thus be replicated in many 
studies. Further, multiple models should be tried and compared using established 
model comparison tools like cross-validation or Bayesian Information Criterion 
(BIC). Another approach is to devise RL models in a more principled way.

In fact, Piray et al. [131] have suggested a neutrally informed RL framework to 
explain the addictive learning behavior in GD subjects. For this, it is worthwhile to 
note that certain RL frameworks may be split into two components: the actor and the 
critic. The actor stores state-action-dependent preferences or in other words a policy, 
which returns a preference for each possible action in a given state. The critic, on the 
other hand, stores state-dependent values and computes prediction errors comparing 
adjacent states, especially with respect to actually chosen actions [131]. In a range of 
studies, the actor has been associated with functional behavior of the dorsal striatum, 
while the critic has been associated with the VS [131]. The authors suggest that addic-
tion in general and GD may develop due to reduced levels of D1/D2 receptors in the 
VS.  The dopaminergic efferents from posteromedial VTA to these receptors are 
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needed to code for positive PEs. If D1/D2 receptors are low in VS, then the critic can-
not produce adequate PEs. The authors show that this leads to an imbalance between 
preference updates in the DS and value updates in the VS. This, in turn, leads to an 
exaggerated preference for appetitive stimuli (gambling/drugs). Additional exposure 
to unnaturally high DA signal in combination with already reduced D1/D2 receptor 
availability leads to further reduction of this receptor availability. Consequently, even 
if the addictive behavior is now paired with punishment (e.g., electric shock, money 
loss), the preference for the behavior stays much higher than for the alternative action 
(refraining from gambling). This prediction of the model is reflective of the symptom 
“engaging in the addictive behavior despite negative consequences (Fig. 7.4).”

We have reported earlier that D2/D3 receptors do not seem to be reduced in stria-
tum in GD subjects, but their density seems related to GD symptom severity. An 
initial or even progressed downregulation of D2 receptors as proposed by Piray et al. 
[131] as precondition for the development and maintenance for GD seems thus ques-
tionable. However, we do not know of studies which looked at D1 receptor density in 
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Fig. 7.4 The progression of addictive behavior. Temporal differences learning may neurally be 
implemented by an actor-critic model [131, 6]. Here, Q-learning is split in a seemingly redundant 
way: VS (the critic) is learning about action values and DS (the actor) is learning about action pref-
erences. Note, that only preference values determine action selection. Value learning is important 
for generating prediction errors for learning both values and preferences. Hence, values and prefer-
ences should mirror each other. However, in the development of an addiction, this might change. 
The model by Piray et al. [131] suggests that an agent with a reduced D1/D2 receptor density (as an 
innate vulnerability) may develop addiction because the continuous onslaught of DA surges in the 
VS (by a drug or through gambling) in phase 1 leads to an escalation of action preference for the 
addictive behavior because the action value is insufficiently updated. Through successive DA surges 
the patient loses more DA receptors which exacerbates the  divergence of value  and  preference 
cached by the critic and the actor, respectively. In the graph we see that the addictive behavior is 
preferred more and more by the actor, although the critic’s valuation of the behavior is much lower. 
During phase 2, the addictive behavior is no longer rewarded but punished. Even though value and 
preference updating are now again coupled, the preference is so high that it cannot become nega-
tive. Hence, the addictive behavior is still chosen despite its negative value. Reprinted from [131]. 
Figure 1, p. 2349. © 2010 by the Massachusetts Institute of Technology. With permission from MIT 
Press Journals
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VS, which might show the proposed reduction. Further, the PET studies reported on 
earlier focused on the striatum as a whole or on dorsal striatum and substantia nigra 
[23]. However, Piray et al. [131] argue that the DS may respond with higher and 
higher metabolism due to the increased preference for addiction- related actions, but 
receptor downregulation in these areas is not part of their computational model. It is 
further interesting to note that the model by Piray et al. [131] works solely on a dis-
turbance in positive PEs in VS. The authors' model may even explain that long-time 
exposure to high DA surges may start the cascade of reduced DA receptor density, 
decreased VS PE's and increased preference for the addictive behavior. In fact a PET 
study reported earlier has shown reduced striatal DA signal putatively related to posi-
tive PEs in GD subjects [128]. Note that the model by Piray et al. [131] essentially 
proposes a lower and lower learning rate in the critic (VS) compared to the actor 
(DS). Giving some support to this model prediction, a study by Lim et al. [193] in a 
community sample of regular gamblers found that in a reward learning task, learning 
rates were negatively correlated with an impulsivity self-reporting scale. The result 
must be interpreted with care, since the authors did not use a RL model strictly split-
ting actor and critic. Sensitivity to objective reward magnitudes in that study was not 
correlated with impulsivity. Interestingly, the authors also found that high-impulsiv-
ity gamblers tended to be more response perseverant after large wins. This could be 
a reflection of an increasingly biased preference in the actor due to DA surges.

We have seen that there are still few studies using computational models to inves-
tigate GD subjects’ response to reinforcement schedules and probabilistic learning 
tasks. However, first results and modeling efforts highlight the importance of focus-
ing on PEs, associated learning rates, and loss aversion. There is some evidence that 
GD subjects show reduced generation of PEs in ventral prefrontal areas. This may 
also lead to a reduced sensitivity to loss outcomes and response perseveration.

7.4.3  Uncertainty

Reinforcement schedules in gambling situations are probabilistic by definition. 
Subjects have to deal with uncertainty and probabilistic feedback. Any outcome will 
only take effect with some probability. Shead and Hodgins [194] found that HC 
subjects do not perceive probabilities objectively but discount or magnify probabili-
ties, especially when they are very large. Using the objective EV as baseline and a 
hyperbolic probability discounting function, it has been found that college students 
magnify the probability of gains, when the probability of winning is high [194]. In 
other words, when the probability of winning is around 0.7 or higher, college stu-
dents tend to overestimate the probability of winning [194]. However, when proba-
bility of winning is low, their estimation of winning (i.e., their subjective value 
estimation) lines up with the mathematically optimal model, i.e., the EV [194]. In 
losses, it is the same picture. College students tend to overestimate the probability 
of losses when the probability of losing is at about 0.7 or higher. In other words, 
with respect to gains, HC subjects are risk seeking, while with respect to losses 
subjects are risk averse.
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Shead et al. [195] did not find among problem gamblers that more problematic gam-
bling is associated with stronger overestimation of winning probability or stronger 
underestimation of losing probability. However, the authors found that problem gam-
blers who expect gambling to enhance positive mood overestimate winning probabili-
ties and underestimate losing probabilities compared to those who think of gambling as 
good for alleviating bad mood and those who think of gambling having no effect on 
mood. Miedl et al. [49] tested GD subjects against HC subjects in winning probability 
discounting using the same probability discounting model as Shead et al. [195]. They 
found a trend in GD subjects overestimating winning probabilities compared to HC 
subjects. On brain level, subjective value derived from the probability-discounting 
model was overall not differently distributed in GD compared to HC subjects. An excep-
tion was the OFC, where GD subjects seemed to inversely represent value. Note that in 
the last two studies the objective probabilities were known to the subjects at all times. 
We have already mentioned in the classical studies that GD subjects tend to be more risk 
seeking, when probabilities are known [113]. However, the computational studies pre-
sented here challenge this conclusion.

With respect to ambiguity, we saw in the classical studies section that subjects 
performed mostly worse. However, the summary task scores used did not allow 
deciding whether this was due to probability discounting differences. Lim et al. [193] 
used a two-armed bandit task in a community sample of regular gamblers. Each arm 
(i.e., option) in the task was associated with some reward magnitude. Unknown to 
the subject were the winning probabilities. Those were stable for 120 trials for both 
options and later changed and swapped regularly (reversal). In that sense, the game 
was a probability tracking game. The authors used a Bayesian learning model [188] 
and a RL model. They observed that the Bayesian optimal probability estimate was 
used more if subjects scored low on the non-planning facet of the Barrat Impulsiveness 
Scale (BIS) [196] and also if they scored low on a self- report scale measuring illu-
sions of predictive control over gambles. Using RL modeling incorporating the 
learning about and the sensitivity to probabilities, the authors observed that high-
impulsivity (non-planning scale in BIS) gamblers tend to underestimate high proba-
bilities and overestimate low probabilities, while low- impulsivity gamblers displayed 
almost correct probability estimation. However, this must be the product of both 
decreased learning about probabilities and distorted probability sensitivities, because 
the learning rate also negatively correlated with non-planning impulsivity.

Hence, there is only a trend that GD subjects show different probability sensitivi-
ties compared to HC subjects. The OFC, as mentioned in the context of gain repre-
sentation and delayed values [49, 78], perhaps also here  is a brain area showing 
distorted value representation in GD subjects. In situations of ambiguity, learning 
about probabilities may be distorted especially in high-impulsive gamblers. Hence, 
we need more studies that focus on GD subjects' processing of uncertainty.

7.4.4  Delay

Note that the IGT, which is very often used, only  implicitly measures delay dis-
counting because card decks with small steady rewards combined with small 
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punishments are set against card decks giving intermittent large rewards with inter-
mittent large punishments. Choosing high-risk card desks may be interpreted as a 
decreased sensitivity to variance of outcomes but also as an increased delay dis-
counting with respect to the possible small rewards in the future and/or the big 
punishments in the past. Power et al. [114] found that before high-risk choices, GD 
subjects compared to HC subjects show larger increased frontal lobe, basal ganglia, 
OFC, caudate, and amygdala activation. The authors interpreted this as increased 
salience of risky bets, perhaps similar to a cue reactivity contrast, but it may also be 
interpreted as increased delay discounting in GD subjects. This is a shortcoming of 
the complexity of the IGT and its lack of orthogonalization of delay and risk. 

Miedl et  al. [49] used a pure DD-of-rewards task and, based on a hyperbolic 
discounting function, computed subject- and trial-specific values of the money 
value in the future for GD and HC subjects. DD was increased in GD subjects. 
Across all subjects the subjective values correlated positively with activity in the 
VS, MPFC, and lateral parietal and posterior cingulate. This may indicate that these 
areas are involved in the anticipation of the future reward. In GD subjects, the sub-
jective value was more correlated with activity in the DS. Furthermore, the better 
the subjective value correlated with OFC, VS, and SN/VTA, the lower the GD 
severity. This is in line with the Piray et al. model [131], which predicts a shift of 
value representation from VS to DS as indicative of addiction progression [131]. 
Piray et al. [131] note that DS represents all options (in this case the delayed and the 
immediate choice), while the VS represents mainly the to-be-chosen option. Since 
GD subjects tend to prefer choosing the immediate reward, it makes sense that the 
value of the future reward is rather found in the DS in the GD cohort. Miedl et al. 
[76] have further investigated how GD subjects are influenced by gambling-related 
cues when evaluating delayed rewards (Fig. 7.5).

Gambling pictures were sorted according to subjective craving induced. During 
high-craving trials, subjects tended to increase their delay discounting. Further, 
while in low-craving trials, there was a positive correlation with subjective value of 
the delayed reward in VS and midbrain, this correlation faltered or reversed during 
high-craving pictures (Fig. 7.6). According to the Piray et al. [131] model, this may 
mean that under high-craving conditions delayed rewards become less considered 
as a viable option.

Trialstart Option Response Jitter

72€
90 days

500 ms 2 s 2 s 2 s 3 - 7 s

Time

Fig. 7.5 Delay discounting task from the Miedl et al. [76] study. Participants had to always choose 
between an immediate reward of 20 € and a larger delayed reward. Gambling scenes were shown 
in the background. Reprinted from [76], Figure 1. With permission from The Society for 
Neuroscience
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In addition to the well-established finding that GD subjects tend to discount 
future rewards more than HC subjects, we have seen that GD subjects also represent 
future rewards less in VS but more in DS, indicative of addiction progression. 
Craving-inducing cues might exacerbate this effect. More studies on the interaction 
of processes associated with symptom clusters (response inhibition, craving, 
decision- making) should be conducted to increase ecological validity of tasks and 
understand the co-working of these processes [55]. Computational models lend 
themselves well to deal with the ensuing increase in task complexity.

7.5  Discussion

In this chapter, we have reviewed classical studies investigating the neurobiological 
bases of GD. While doing this, we have taken a computational psychiatry perspec-
tive by trying to focus on relevant disturbances of neurocognitive processes, which 
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may constitute the basis for specific GD symptoms. We have further presented sev-
eral GD studies, which used computational modeling (CM), and have argued that 
such an approach is to be favored. This is because CM often allows for better map-
ping of the neural substrate’s functions to clinically relevant behavior. Throughout 
this chapter, we have focused on the three main symptom clusters: loss of control, 
craving, and neglect of other areas in life. Thus, we use this structure again to sum-
marize and discuss the findings presented in this chapter.

7.5.1  Loss of Control

Loss of control has mainly been associated with impaired response inhibition. GD 
subjects consistently show diminished response inhibition. This seems to relate to 
altered functioning of DLPFC, ACC, VS, and MPFC. Response inhibition scores 
and associated neural signatures seem relevant in predicting treatment outcome, 
relapse, and symptom severity. To our knowledge, there are no computational mod-
els yet trying to capture reduced response inhibition in GD subjects. Reinforcement 
learning models do not seem adequate for this, but rather real-time neural network 
models predicting exact reaction time differences [155].

7.5.2  Craving

Gambling cues increase craving as measured with subjective reporting scales in GD 
subjects. Neural response patterns of cue reactivity are complex and show some 
inconsistency across studies. Investigating cue reactivity in the context of specific 
gambling tasks may make neural cue reactivity signatures more specific. Cue reac-
tivity may alter gain and loss sensitivity of the striatum, as well as response inhibi-
tion and decision-making processes.

7.5.3  Neglect of Other Areas in Life

7.5.3.1  Gain and Loss Processing
Monetary and natural gain anticipation seems to be blunted in the VS in GD sub-
jects. In decision-making increasing possible gains seem to lead to faster decisions 
and altered reactivity in parietal and dorsal striatal areas during the decision phase. 
We have seen that subjective gain values may be differently represented in OFC in 
GD compared to HC subjects. Further, neural network models of gain and loss 
anticipation suggest that amygdala—a structure putatively assigning salience to 
represented values [7, 103] —may bias wins over losses during the assessment of 
offered gambles.

Increased loss anticipation signal in VS plus decreased loss-related activity dur-
ing successful loss avoidance may explain increased gambling. This is because GD 
subjects may feel increased motivation to do away with losses but not feel enough 
satisfaction when actually being successful in avoiding losses. We have also seen 
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that GD subjects display reduced loss aversion both during gamble anticipation and 
during gamble outcomes. In addition, regular gamblers seem to be motivated from 
near misses as if they were gains, while GD subjects display a generally decreased 
reactivity in VS and other regions toward losses. The progression from regular gam-
bling to GD may thus correlate with progressive loss outcome desensitization. 
Decreased sensitivity to negative reinforcement as well as decreased sensitivity to 
losses may be supporting factors for loss chasing which further abets GD 
symptoms.

7.5.3.2  Uncertainty and Delay
We have seen that risk seems to engage GD subjects more than regular gamblers and HC 
subjects. It may even lead to more disadvantageous decision-making. Risk ultimately 
means that possible gains and losses become more and more uncertain. As we have seen 
with LA (classically tested under circumstances of steady maximal risk, i.e., 50:50 coin 
flip gambles), HC subjects tend to overweight losses. This may be a heuristic to deal 
with the risk, i.e., the uncertainty. GD subjects perhaps do this less or even overweight 
gains in these situations. We have seen that GD subjects also react differently to ambigu-
ous gambles compared to HC subjects. Response to ambiguous gambles but not risky 
gambles may be a useful predictor for GD symptom severity. However, as we have also 
seen, risk is a higher-order gamble feature, already on mathematical level. Computational 
modeling studies have shown only trends for GD subjects showing different probability 
sensitivities compared to HC subjects. The OFC, as mentioned in the context of repre-
sentation of gain and delayed values, may be again a brain area showing distorted value 
representation in GD subjects. In situations of ambiguity, learning about probabilities 
may be distorted especially in high-impulsive gamblers.

Delay discounting of rewards is increased in GD subjects and correlates with 
severity. In addition, a computational modeling study has observed that delayed 
values are represented more in DS which may be indicative of addiction 
progression.

7.5.3.3  Learning from Reward and Punishments
There is ample evidence for altered neural processing in GD subjects during reward 
receipt. We have seen that IGT performance is reduced in GD subjects. This may be 
related to impaired learning based on disturbances in PE signal generation in the 
striatum. We have also seen that GD subjects perform worse in probabilistic reversal 
learning tasks and that their performance may be predictive for relapse. GD subjects 
seem to learn worse from negative feedback and thus persevere in their gambling 
behavior. Reduced sensitivity to loss outcomes, in combination with steady high 
anticipatory motivation in response to high risk, may be explanatory factors. 
Computational models have supported these ideas. First results and modeling efforts 
highlight the importance of focusing on PEs, associated learning rates, and loss 
sensitivity. There is some evidence that GD subjects show reduced generation of 
PEs in ventral prefrontal areas. This may also lead to a reduced sensitivity to loss 
outcomes and response perseveration. Different set-up of RL models may yield dif-
ferent conclusions. Principled model comparisons and model consistency across 
studies are thus needed.
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Loss chasing is of particular interest for understanding GD since it is the only 
diagnostic criterion not shared with SUDs. Reduced loss aversion on outcome and 
anticipation level may fuel loss chasing. There is evidence that GD subjects need to 
activate a medial-prefrontal executive control network more strongly when deciding 
to quit than HC subjects.

Near misses in the context of learning seem especially dangerous for regular 
gamblers who may develop GD. Later, in GD subjects, near misses seem desensi-
tized just like all other loss outcomes. So they cannot have an effect on learning 
anymore. However, motivation for gambling stays high and is easily evoked by 
relevant cues.

7.5.4  Changes in Neural Substrate

Unlike, e.g., alcohol-dependent subjects [21], GD subjects show only very circum-
scribed gray matter reductions. These are seen in hippocampus and amygdala and 
may correlate with impulsivity. GD subjects show increased volume in DS which 
seems to correlate with GD severity. According to the model by Piray et al. [131], 
this may be indicative of addiction progression. With respect to white matter, struc-
tural and functional connectivity alterations may be present in GD subjects. We 
have seen that DA receptor density and functioning are informative within GD sub-
jects since they relate to gambling high and severity and putatively cue reactivity. 
Future computational modeling studies in GD subjects should incorporate informa-
tion on gray matter, white matter, and neurotransmitter differences between GD and 
HC subjects For instance, the model by Piray et al. [131] offers parameters for DA 
receptor density and DA receptor sensitivity.
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8Pharmacological Interventions 
in Gambling Disorder
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8.1  Introduction

Gambling disorder (GD) is associated with a wide range of negative consequences 
such as familial, occupational, legal, and financial difficulties as well as suicidality 
and lower quality of life [1–3]. Despite the significant personal and social impact, 
the number of clinical trials in GD is relatively small.

With respect to the management of GD, the most established therapeutic 
approaches are either psychotherapy (particularly cognitive behavioral therapy) or 
pharmacological interventions. Although psychotherapeutic treatments have shown 
significant benefits [4, 5], there are some difficulties in providing psychological 
treatment on a large scale given the insufficient number of trained therapists [5]. 
Consequently, pharmacological interventions are an important tool in the therapeu-
tic arsenal.

Pharmacotherapy in GD has some important aims. First, psychotropic drugs are 
important to effectively treat co-occurring psychiatric disorders, which are highly 
prevalent in GD [3]. Alcohol-use disorder, substance-use disorder, major depres-
sion, and anxiety disorders are particularly common in subjects with GD. Second, 
some medications appear to reduce urges to gamble and gambling behavior inde-
pendent of any underlying co-occurring psychiatric disorder. Therefore, there are 
medications that appear to target the pathophysiology of GD. In this chapter, we 
will review the evidence regarding the different pharmacotherapies that have been 
investigated in GD.
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8.2  Classification and Clinical Approaches

GD, previously called pathological gambling, has been theoretically associated with 
different categories of mental disorders. Understanding the diverse approaches to 
the categorization of GD provides important insight into the different strategies 
used in clinical trials.

GD was originally thought to belong to the obsessive-compulsive disorder spec-
trum. This parallel was established due to the repetitive thoughts and behaviors 
associated with gambling in disordered gamblers. There was also a theory that GD 
was a bipolar spectrum disorder, i.e., the inappropriate gambling behavior would be 
a consequence of underlying hypomanic/cyclothymic states. The assumptions that 
GD was an obsessive-compulsive spectrum disorder incentivized trials focused on 
selective serotonin reuptake inhibitors—SSRIs [6]. Similarly, the affective theory of 
GD led to clinical studies with mood stabilizers and antipsychotics.

Phenomenological, genetic, epidemiological, and neurobiological research over 
the ensuing years has suggested that GD actually has much more in common with 
addictions, especially alcohol-use disorders [7–10]. This understanding of GD as a 
type of behavioral addiction has led to a stronger interest in medications that directly 
or indirectly might modulate the reward system and/or the prefrontal cortex to 
improve inhibition. Based on this conceptualization of GD, trials using opioid 
antagonists (naltrexone, nalmefene) or glutamate modulators (N-acetylcysteine, 
memantine, topiramate) have been conducted.

Although the number of clinical trials for GD in the last decade has increased, the 
available evidence available is still limited. There is no drug approved by the Food 
and Drug Administration (FDA) and no established treatment guidelines. Since there 
are still significant rates of relapse and chronicity in GD, the need for more and larger 
clinical trials is evident. Despite these limitations, clinical trials have provided impor-
tant insights with respect to pharmacological interventions in GD.

8.3  The Reward System

The reward system comprises complex and interconnected neurocircuits affiliated 
with pleasure, reward-seeking, and motivation. A basic understanding of its struc-
tures and neurotransmitters gives important insights regarding pharmacological 
interventions in GD. The reward system consists of evolutionary old circuits located 
deep in the brain. Natural behaviors such as food and sex classically activate the 
reward system, and this stimulation is essential to the repetition of these vital behav-
iors. Other behaviors such as gambling were found to stimulate the reward system 
as well. In other words, gambling “hijacks” a neurocircuitry naturally associated 
with reward and repetition of behaviors. This is a major process in the development 
of disordered gambling.

Two major structures of the reward system are the ventral tegmental area and the 
nucleus accumbens. They use dopamine as primary neurotransmitter. The strength 
by which substances or behaviors stimulate the reward system (thought to be largely 
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via dopamine release) is roughly correlated with the addictive potential. In this con-
text, dopaminergic agonists such as the drug pramipexole have been linked with the 
development of impulsive/addictive behaviors (such as disordered gambling) as a 
side effect.

It is important to note that the dopamine release is under control of secondary 
pathways that use diverse neurotransmitters. One of the major modulators of the 
reward system is the opioid system, i.e., endogenous opioids indirectly control the 
release of dopamine in the reward system. Hence, by modulation of dopamine activ-
ity, opioid drugs may modulate pleasure, excitement, and craving [11]. Thus, sev-
eral clinical trials have investigated opioid antagonists such as naltrexone and 
nalmefene for GD.

Part of the complexity of the reward system comes from its connections with 
other brain regions such as the hippocampus (associated with memory) and the 
prefrontal cortex (associated with planning and decision-making). Glutamatergic 
neurocircuits seem to modulate the interaction between the prefrontal cortex and the 
nucleus accumbens, a main component of the reward system [12]. It is postulated 
that glutamate is implicated with the regulation of motivational responses and 
reward-seeking behaviors [12]. Consequently, medications that affect the glutama-
tergic neurotransmission may also benefit disordered gamblers.

8.4  Opioid Antagonists

Endogenous opioids indirectly modulate dopamine release in the reward system. 
Consequently, several trials investigated the efficacy of opioid antagonists in GD 
(main trials displayed in Table 8.1). Opioid antagonists are probably the class of 
medication with the strongest evidence for GD.

Table 8.1 Summary of clinical trials conducted with opioid antagonists for gambling disorder

Study Drug Sample Study design Duration Result
Kim and 
Grant [13]

Naltrexone n = 17 Open-label flexible dose trial 6 weeks Positive

Kim et al. 
[14]

Naltrexone n = 83 Double-blind, 
placebo-controlled

12 weeks Positive

Grant et al. 
[15]

Nalmefene n = 207 Double-blind, 
placebo-controlled

16 weeks Positive

Grant et al. 
[16]

Naltrexone n = 73 Double-blind, 
placebo-controlled

18 weeks Positive

Toneatto 
et al. [17]

Naltrexone n = 52 Double-blind, 
placebo-controlled

11 weeks Negative

Grant et al. 
[18]

Nalmefene n = 233 Double-blind, 
placebo-controlled

16 weeks Positive

Kovanen 
et al. [19]

Naltrexone n = 101 Double-blind, 
placebo-controlled
as needed 
design + psychological support

20 weeks Negative
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Naltrexone and nalmefene have been the opioid antagonists investigated. 
Naltrexone is available orally and intramuscularly (long-acting formulation). 
Nalmefene presents less hepatotoxicity and has a longer half-life than naltrexone. 
Nalmefene is available in oral and intravenous preparations, but only the intrave-
nous form is available in the United States.

The results of opioid antagonists in the treatment of GD are encouraging. The 
clinical trials also suggest that the majority of the responders tend to show improve-
ment within 4 weeks of treatment [13]. Although individual responses vary, some 
additional research suggests that they may be preferentially effective in gambling 
disordered individuals with urges to gamble, comorbid alcohol-use disorder, or a 
family history of alcohol-use disorders [16, 18].

Regarding the side effect profile, the most common adverse reaction is nausea [13, 
19]. Regular checking of liver enzymes is suggested. Opioid antagonists are contrain-
dicated in opioid-use disorders as they may precipitate a withdrawal syndrome.

8.5  Glutamatergic Drugs

As seen in the section reward system (see above), glutamate has been implicated in 
neurocircuits important for the regulation of motivational responses and reward-
seeking behaviors [12]. There have been trials assessing the efficacy of glutamater-
gic drugs in GD. The main glutamatergic agents investigated are N-acetylcysteine 
(NAC), memantine, topiramate, and amantadine. The mechanism of action of these 
drugs is complex and includes modulation of different neurotransmitters, i.e., they 
do not have an exclusive action on glutamate receptions.

NAC

NAC has been used for decades in the treatment of paracetamol intoxication and 
respiratory conditions. Due to its modulation of glutamatergic neurotransmission, 
NAC has been increasingly investigated for the treatment of a range of addictive 
behaviors [20]. NAC has shown efficacy in some clinical trials on cocaine-use dis-
orders and cannabis-use disorders.

One clinical trial assessed the efficacy of NAC in GD, and the reduction in gam-
bling symptoms was promising [21]. Additionally, the fact that NAC has been used for 
a long time and tends to be well tolerated (benign side effect profile) should encourage 
further investigations in GD. With respect to the dose used, research in addictions has 
tended to use doses higher than in other clinical indications. Studies have used doses 
ranging from 1.2 g/day to 3.6 g/day. The positive trial in GD used 1.8 g/day.

Memantine

Memantine is an antagonist of N-methyl-d-aspartate NMDA glutamate recep-
tors. This medication has shown pro-cognitive effects in disorders such as 
Alzheimer’s disease. It was also effective in treating alcohol-use disorder [22]. 
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This medication is promising since it may modulate not only urges to gamble but 
also produce addition to cognitive enhancement via modulation of the prefrontal 
cortex. Regarding the cognitive effects of memantine, it is possible that this med-
ication promotes cognitive flexibility and, therefore, improves cognitive distor-
tions associated with continuous gambling despite negative consequences. An 
open-label trial showed that memantine was well tolerated and associated with 
improvement in measures of gambling behavior and neuropsychology [18]. 
However, this is, from the best of our knowledge, the only study investigating 
this medication in GD.

Topiramate

Topiramate has shown promise in the management of impulsive and addictive 
behaviors such as binge eating and alcohol-use disorder [23, 24]. The two double-
blind, placebo-controlled trials conducted in GD with this medication demonstrated 
mixed results. Berlin et al. [25] found that topiramate was not superior to placebo, 
while de Brito et al. [26] had positive results for topiramate combined with cogni-
tive restructuring.

Amantadine

Amantadine is a psychotropic drug classically used for Parkinson’s disease. It has 
glutamatergic and NMDA-blocking activities and increases dopaminergic neuro-
transmission. One small double-blind, placebo-controlled clinical trial demon-
strated that amantadine was effective for the treatment of GD in Parkinson’s disease 
[27]. The dose used was 200 mg/day.

8.6  Antidepressants

SSRIs

SSRIs are probably the most investigated class of drugs in GD. There have been 
several clinical trials examining SSRIs including fluoxetine, fluvoxamine, parox-
etine, citalopram, and escitalopram. They have shown mixed results and a ten-
dency to have high rates of placebo effect. Due to the inconsistent results and the 
high comorbidity of GD and depression, there is some question whether the posi-
tive trials with SSRIs were largely due to alleviating depressive or anxiety symp-
toms rather than targeting GD symptoms specifically. There is evidence that 
SSRIs might be appropriate for gamblers with co-occurring anxiety disorder [28]. 
Open-label studies with citalopram and fluoxetine have shown positive results in 
non-depressed subjects [29, 30]; however, the lack of double-blind placebo-con-
trolled trial significantly weakens the evidence. In light of this discussion, SSRIs 
may be particularly appropriate for GD comorbid with depression or anxiety 
disorders.
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Bupropion

Bupropion is a dual antidepressant with noradrenergic and dopaminergic effects, 
and the medication has been used for impulsive/addictive disorders. Bupropion is 
indicated for smoking cessation and has demonstrated reduction in urges and symp-
toms of nicotine withdrawn [31]. It also has some efficiency in attention deficit 
hyperactivity disorder (ADHD)—[32]. Nonetheless, bupropion demonstrated 
mixed results in GD. A preliminary open-label clinical study showed efficacy [33], 
but a later double-blind, placebo-controlled trial was negative [34]. Consequently, 
there is no solid evidence that bupropion is efficient in GD.

8.7  Mood Stabilizers

There were some studies assessing the efficiency of mood stabilizers in GD. These 
clinical trials were mainly performed with subjects with bipolar disorder or bipolar 
spectrum disorder. The use of mood stabilizers is particularly interesting for the 
comorbidity GD and bipolar disorder.

Lithium and Valproate

A single-blind trial observed that lithium and valproate were associated with statis-
tical improvement in gambling behavior [35]. A later double-blind placebo-con-
trolled study showed that lithium was superior to placebo in subjects with a bipolar 
spectrum disorder and co-occurring GD [36].

Carbamazepine

The evidence for carbamazepine in GD is weak. There is only a small (n = 8) open-
label trial with positive results [37].

8.8  Atypical Antipsychotics

The idea that antipsychotics could be effective in GD was based on the following: 
(1) GD appears to have clinical similarities to bipolar disorder and obsessive com-
pulsive disorder, conditions in which antipsychotics have shown some efficacy; and 
(2) lithium, a mood stabilizer, has demonstrated effectiveness compared to placebo 
in subjects with bipolar spectrum disorders and GD.

Olanzapine

Olanzapine is the only antipsychotic medication formally investigated for the treat-
ment of GD. Additionally to the dopamine antagonist action, this drug has some 
effect on neurocircuits rich in dopamine and serotonin, two neurotransmitters that 
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have been implicated in the pathophysiology of GD. In spite of that, two double-
blind, placebo-controlled clinical trials found that olanzapine did not differ from 
placebo in the treatment of GD [38, 39].

8.9  Other Drugs

Modafinil

Modafinil is a stimulant drug that increases dopaminergic and adrenergic tone in the 
central nervous system. It is classically used in patients with attention deficit hyper-
activity disorder (ADHD) and has some evidence for the comorbidity of ADHD and 
cocaine-use disorder [40]. In a clinical trial with GD, modafinil reduced gambling 
behavior in highly impulsive gamblers but worsened gambling behavior in subjects 
with low impulsivity [41].

8.10  Future Directions

GD is a clinically heterogeneous disorder, and different subtypes of disordered 
gamblers have been identified [42, 43]. As a result of this, it is important to under-
stand the effects of medications on different gambling domains and, therefore, 
which medications are more appropriated for specific subgroups of disordered gam-
blers. For example, there is evidence that opioid antagonists are particularly effi-
cient for subjects with personal and/or family history of alcohol-use disorder/
substance-use disorder. Similar insights are needed in order to develop customized 
pharmacological treatments. There is a need for larger clinical trials that give the 
opportunity of analysis of subtypes.

Another crucial point is to better elucidate how pharmacotherapy and psycho-
therapy interact. There are a few clinical trials where medications were used con-
comitantly with psychotherapeutic approaches [26, 44]. It is therefore possible that 
pharmacotherapy may have synergistic effects with psychotherapy.

As in other fields in psychiatry, the majority of clinical trials have examined only 
short-term outcomes. Hence, it is important to assess midterm and long-term effects 
of medication.

Finally, in many pharmacotherapy trials, there has been little information about 
optimal dose or duration of treatment needed for GD.

8.11  Conclusions

• Despite the significant personal and social impact, the number of pharmaco-
therapy clinical trials in GD is relatively small.

• Due to the high rates of co-occurring psychiatric disorders in individuals with 
GD, especially alcohol-use disorders, substance-use disorders, mood disorders, 
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and anxiety disorders, pharmacotherapy needs to address the potentially com-
plex interaction of GD and these other disorders.

• Some evidence suggest that pharmacological interventions may have a synergis-
tic effect on psychotherapeutic approaches. Psychotherapeutic treatments (espe-
cially cognitive behavioral therapy) have demonstrated efficacy in GD. Which 
medications may be most effective when used in combination with psychother-
apy however remains unknown.

• Despite some promising results, pharmacological interventions for GD are cur-
rently used off-label, i.e., no drug is formally approved by the Food and Drug 
Administration. Therefore, it is necessary to inform patients about the nature of 
the treatment and discuss in detail risks and benefits.

• More double-blind, placebo-controlled trials are needed. There is a need for larger 
studies that might help develop customized pharmacological interventions.
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9Psychological Interventions in Gambling 
Disorder

Meredith K. Ginley, Carla J. Rash, and Nancy M. Petry

Gambling disorder is characterized by clinical impairment from negative conse-
quences of gambling [1]. Examples of problems include an inability to control or 
stop gambling behavior, preoccupation with gambling, and negative financial, rela-
tional, and work or educational consequences. In the United States, for example, 
gambling disorder affects about 0.4–2.0% of adults, with an additional 1.3–2.3% of 
adults considered problem gamblers [2–6]. Problem gamblers are individuals who 
experience some adverse effects related to their gambling but not to the extent that 
the diagnostic threshold is met.

Few persons with gambling problems access treatment, with only 7–12% of indi-
viduals with a lifetime diagnosis of gambling disorder reporting a history of profes-
sional treatment or mutual support group participation [7]. Despite low engagement 
in treatment, about 50% of people with lifetime gambling disorder do not have a 
current diagnosis, suggesting that natural recovery is common. Therefore, effica-
cious interventions for gambling disorder have to improve upon natural recovery 
rates.

A number of types of psychotherapies for gambling have been evaluated. Therapy 
modalities include full-length professionally delivered treatments, brief interven-
tions, and self-directed workbooks. This chapter will review current empirical sup-
port for psychotherapy for gambling disorder, including different theoretical 
approaches, and other factors, such as intensity and format (i.e., group, individual, 
workbook, computer-facilitated). We will focus on moderate- to large-sized ran-
domized controlled trials that include an average of at least 25–30 participants per 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-03060-5_9&domain=pdf
mailto:ginleym@etsu.edu
mailto:rashc@uchc.edu
mailto:npetry@uchc.edu


182

condition as recommended by Chambless and Hollon [8]. This chapter will high-
light major gambling-related treatment outcomes and between treatment condition 
comparisons, with a focus on treatment dropout.

Treatment dropout is emphasized due to high rates of discontinuation among 
individuals in psychotherapy for gambling disorder, with rates that can commonly 
reach or even exceed 50% and a median dropout rate of 38% [9]. This rate is nearly 
double the average treatment dropout from psychotherapy in general, which is still 
high at 20% [10]. Dropout rates can greatly impact conclusions about treatment 
efficacy. Treatment discontinuation also has important clinical implications, with 
therapists unable to determine if patients do not return to subsequent therapy ses-
sions because they have gotten better or they are failing to benefit. In the following 
sections, we discuss treatment completion and outcomes in full-length profession-
ally delivered treatments and in self-guided or workbook-based interventions. We 
will also review motivational psychotherapy interventions developed specifically to 
address low engagement and retention in gambling treatment.

9.1  Professionally Delivered Behavior Therapy 
and Cognitive Therapy

Behavior therapies help patients change by focusing on eliminating unwanted 
behaviors and replacing them with more desirable actions. Cognitive therapies 
attempt to identify and challenge faulty thinking patterns, also called cognitive dis-
tortions (see [11]). Cognitive-behavioral treatments integrate both aspects. Table 9.1 
provides an overview of the randomized controlled trials of these treatments.

Ladouceur et al. [12] randomly assigned 88 individuals with gambling disorder 
to cognitive therapy or a waitlist control condition. Treatment sessions continued 
until the patient stopped gambling completely. Thus, treatment was lengthy and 
lasted up to 20 sessions (average treatment time was 11 h). Treatment dropout was 
high at around 50%. Therapy completers showed significant posttreatment improve-
ment on most gambling-related variables compared to participants on the waitlist. 
In a later study that explored the same therapy delivered in a group format [13], 71 
participants with gambling disorder were randomized to either group cognitive ther-
apy or a waitlist control. Treatment completion was higher relative to the individual 
format, with 74% of participants attending the 10 weekly, 2-h group sessions. At 
posttreatment, 88% of the gamblers who had completed treatment no longer met 
criteria for gambling disorder compared to 20% of waitlisted participants. Treatment 
gains were maintained through 6-, 12-, and 24-month follow-ups, although between-
group comparisons were not possible due to the study design, and analyses in both 
these studies included only treatment completers.

Moving beyond a waitlist design, Smith et al. [14] compared cognitive therapy to 
a specific behavioral therapy—exposure therapy, in which patients were exposed to 
gambling situations without wagering, with cash restriction during exposure tasks 
gradually lessening over time. Eighty-seven problem gamblers were randomly 
assigned to one of the two conditions. Using intent-to-treat analyses that included 
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all randomized participants, both treatments significantly reduced gambling at the 
3-month follow-up with no significant differences between conditions. At the 
6-month follow-up, 79.3% of cognitive therapy treatment participants and 82.6% of 
the exposure therapy treatment participants no longer met criteria for gambling dis-
order, rates which again did not differ. Exposure therapy had a higher dropout rate 
of 51% compared to 32% in the cognitive condition. However, treatment effects 
were achieved in a shorter time frame (average of one to three sessions) in the expo-
sure condition relative to the cognitive therapy condition. The increased dropout in 
the exposure treatment may have been due to intervention-related factors (e.g., dis-
like of the treatment) or participants feeling better sooner and deciding they no 
longer needed treatment.

Overall, cognitive therapy, whether delivered in a group or individual format, 
appears to provide greater reductions in gambling symptoms than a waitlist control. 
Still, there is limited evidence that cognitive therapy is superior to other active ther-
apies, such as behavioral therapy, or even to natural reductions in gambling that 
occur over time. Furthermore, attrition from cognitive therapy is fairly high, and 
research on this intervention remains limited. Many aspects of cognitive approaches 
have been incorporated into integrated treatment models such as cognitive-behav-
ioral therapy (CBT), which has been more extensively studied.

9.2  Professionally Delivered Cognitive-Behavioral Therapy

Cognitive-behavioral therapy (CBT) merges cognitive and behavioral approaches. 
The first controlled trial [15] of CBT for gambling problems used the eight-session 
protocol developed by Petry [31]. Petry et al. [15] randomized 231 individuals with 
gambling disorder to one of three conditions: Gamblers Anonymous (GA) referral 
plus CBT workbook (one chapter to be completed each week over 8 weeks), GA 
referral plus therapist-directed CBT using the same workbook content in 8 weekly 
individual sessions delivered by a therapist, or referral to GA only. While gambling 
decreased overall for participants across all study conditions, participants in both 
CBT conditions had significantly larger reductions in gambling problems, with 69% 
of participants in therapist-delivered CBT condition and 51% of those in CBT 
workbook condition no longer meeting gambling disorder criteria at posttreatment, 
compared to 47% of those with the GA referral-only condition. Treatment comple-
tion data indicated that therapist-delivered content resulted in higher levels of 
engagement with the CBT (61% completed versus 37% in the workbook condition), 
and completion of the CBT, whether in a workbook or individual session format, 
was significantly related to outcomes. Results suggest therapist interaction can 
increase engagement in CBT, and CBT spurred greater behavior change than a GA 
referral alone.

With the initial success of CBT, Oei et al. [16] sought to determine whether group 
or individually delivered CBT was optimal. They randomized participants with prob-
lem gambling to individual CBT, group CBT, or a waitlist control. Participants in 
both CBT conditions reduced their gambling in comparison to the waitlist condition 
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by the end of treatment. Treatment gains were maintained in the two active condi-
tions, and no differences were reported at the 6-month follow-up. This study did not 
report upon treatment completion rates, limiting the ability to draw conclusions 
about differential engagement for group or individual CBT, but these data suggest 
both group and individual formats of CBT appear to reduce gambling.

9.3  Self-Directed CBT Interventions

Although the Petry et al. [15] study found that fewer patients with gambling disor-
der completed a CBT workbook than individual CBT sessions, gamblers with less 
severe problems may be more willing to utilize self-directed interventions than visit 
a therapist weekly. CBT workbook-based interventions may reduce some treatment 
barriers including treatment cost and transportation issues, and these options may 
also be associated with less stigma than seeking help from a mental health profes-
sional. Some studies have evaluated workbook and computer-facilitated versions of 
CBT in problem gamblers.

Hodgins et al. [17] randomized problem gamblers (N = 169) to receive a relapse 
prevention workbook based on CBT principles in its entirety immediately following 
study enrollment or to receive the workbook in sections eight times over an 11-month 
time frame. Just over 60% of participants reported completing the workbook, and 
spaced delivery did not improve completion rates or treatment outcomes. Regardless 
of delivery format, 23% reported recent abstinence from gambling at a 1-year follow-
up, and 30–46% were no longer gambling problematically depending on assessment 
measure. These recovery rates, however, are similar to those noted for spontaneous 
improvement in epidemiological studies (33–36%; [7]) and are highlighted by the 
authors’ study as mirroring recovery rates found in a previous study on the natural 
process of relapse [32]. Whether the workbook improved upon natural recovery 
could not be determined with this study design due to the lack of a control group.

In a similar study, Campos et  al. [18] examined whether providing therapist 
guidance improved workbook utilization. Problem gamblers were randomly 
assigned to a CBT workbook plus therapist guidance or to a workbook-only condi-
tion where a research assistant checked in five times over 20 weeks to see if chapters 
had been completed. Therapist guidance improved abstinence rates at the end of 
treatment and 1  year later compared to those in the workbook-only condition. 
However, failure to complete the workbook was again high (>50%), and this study 
did not report completion rates by condition making it unclear if therapist guidance 
influenced workbook adherence and whether that related to improvements.

Subsequently, Linquiens et al. [19] explored therapist guidance for an Internet-
based intervention, and they recruited non-treatment-seeking gamblers by offering 
an Internet-based gambling disorder screening to poker players on an online website. 
Players identified as problem gamblers (N = 1122) were randomized into four treat-
ment conditions: waitlist control, normative feedback related to the results of their 
screening via single email, a CBT workbook emailed in a single downloadable file, 
or the same CBT program emailed weekly by a psychologist providing personalized 
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email guidance associated with chapter content. Treatment dropout rate was high 
across all treatment conditions (83%), and the therapist-guided CBT condition had 
the highest dropout rate (95%). On average, participants showed some reductions in 
gambling at the 6-week follow-up with no significant differences observed between 
conditions. The particularly low treatment completion rates in this study are probably 
related to the fact that these gamblers were not seeking treatment. These data suggest 
when active gamblers are not seeking treatment, therapist facilitation may lead to 
increased treatment dropout relative to more “hands-off” approaches.

Across these studies, self-delivered CBT generally decreased gambling and 
gambling symptoms over time, but most studies did not include an attention control 
condition obviating the ability to determine the efficacy of CBT workbooks. Further, 
generally only about half the patients, even those who sought treatment, completed 
the workbook, and very few among the non-treatment seekers. Therapist facilita-
tion, no matter how minimal, may improve outcomes, but only among those who are 
actively seeking treatment.

9.4  Motivational Interventions

As highlighted above, many individuals, even those who actively seek and start 
gambling treatment, do not receive the full recommended course of therapy. Going 
beyond general therapist guidance, motivational interviewing (MI) and motivational 
enhancement therapy (MET) were developed to facilitate increased treatment 
engagement for individuals with substance use disorders. The goal of both is to 
overcome barriers of treatment initiation and increase overall investment in therapy 
by supporting an individual’s commitment to changing problem behavior. MI typi-
cally refers to a single-session intervention focused on the collaborative develop-
ment of a change plan [33], while MET uses several sessions to comprehensively 
target internal motivation and includes personalized feedback related to a specific 
behavior targeted for change [34].

Motivational interventions have been widely adapted for use with problem gam-
bling populations. Depending on the trial, MI has been delivered as a standalone 
intervention, integrated into a CBT intervention, or administered prior to a CBT 
intervention. Very brief motivational interventions, including single-session MI and 
personalized feedback only, have also been used to directly circumvent low treat-
ment retention by ensuring the complete intervention occurs at a single point of 
contact.

9.5  Motivational Interventions and Professionally 
Delivered CBT

MI has been applied in an attempt to enhance completion of professionally deliv-
ered CBT. Grant et al. [20] compared 68 individuals with gambling disorder who 
were randomly assigned to MI plus CBT or to a GA referral condition. The MI plus 
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CBT (based on [31]) lasted 8 weeks. Participants in the MI plus CBT condition 
reported greater reduction in gambling at the posttreatment follow-up compared to 
participants in the GA referral condition, and 76% of participants completed the 
treatment. Interpretations about long-term effects were not possible as participants 
in the GA referral condition subsequently received the active treatment, and the 
specific impact of MI could not be isolated in this design.

Petry et al. [21] also explored the use of single-session interventions compared 
to an abbreviated multi-session MI/CBT intervention for non-gambling treatment 
seeking individuals who screened positive for gambling problems when assessed in 
waiting rooms of medical clinics and substance use clinics. Participants (N = 180) 
were randomly assigned into an assessment-only condition, 10 min of brief advice 
about gambling, a single MI session, or the same MI session plus three sessions of 
CBT. All randomized patients completed both single-session interventions, but only 
33% of participants in the four-session condition completed treatment. When com-
pared to the assessment-only condition, brief advice was the only condition that 
significantly decreased gambling behavior between baseline and the 6-week and 
9-month follow-ups, but there were also no significant differences between the three 
active interventions. This study suggests that a very brief intervention may be useful 
in this population.

In a later study, Petry et al. [22] randomly assigned 217 substance abuse treatment 
patients who screened positive for gambling problems to 10–15 min of brief psycho-
education about gambling; 10–15 min of brief advice on gambling-related norms, risk 
factors, and methods to prevent more gambling-related problems; or four sessions of 
MI plus CBT for gambling (as based on [31]). All participants also received standard 
substance abuse treatment. The single-session gambling interventions were provided 
immediately following the baseline evaluation ensuring all participants assigned to 
them received them, but only 28% of participants assigned to the MI plus CBT condi-
tion completed all four sessions. At a 5-month follow-up assessment, gambling-
related symptoms reduced for participants across all conditions. Brief advice decreased 
gambling days between baseline and the 5-month follow-up to a greater degree than 
the brief psychoeducation condition. The MI plus CBT condition did not reduce days 
gambled compared to brief advice, but it did result in greater reductions in money 
spent gambling and gambling-related problems at the 5-month follow-up. At a 
24-month follow-up, participants in all groups reported continued reductions in 
money spent and problems relative to baseline, with participants assigned to the MI 
plus CBT condition significantly more likely than those assigned to the brief interven-
tions to be in long-term recovery from problem gambling. Overall, for individuals 
receiving concurrent substance use treatment, gambling-related symptoms signifi-
cantly decreased over time, with the MI plus CBT condition resulting in the greatest 
clinical improvement, even though few participants completed all four sessions.

MET, with its more intensive content than MI, has also been evaluated as a stand-
alone intervention for the treatment of gambling problems. Carlbring et al. [23] ran-
domized 150 participants with problem gambling to four sessions of individual MET, 
eight sessions of group CBT (as based on [35]), or a waitlist control. Individuals in 
both active treatment conditions had significant declines in gambling-related 
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symptomology compared to participants in the waitlist control group. No differences 
were found between active treatment conditions. Rates of engagement in both treat-
ments were low and not significantly different, with 43% completing MET and 29% 
completing CBT. Given the different study designs, it remains unknown whether the 
addition of MET or MI to CBT is superior for reducing gambling-related symptoms 
compared to MET or CBT alone, but several studies have found benefits of one or 
both of these interventions combined.

Like MET, MI as an independent intervention has also been directly compared to 
CBT. In addition to the study by Petry et al. [21], Larimer et al. [24] explored the 
use of a single-session MI intervention for 147 university students with problem 
gambling. Participants were randomly assigned to either a single-session of MI or 
four to six sessions of group CBT (based on [31]) or an assessment-only control 
condition. Participants in both the CBT and the MI intervention conditions signifi-
cantly reduced gambling frequency. The CBT intervention group had high attrition, 
with less than half of participants attending at least 50% of the sessions. Results 
suggest a single session of MI had a similar impact on gambling-related symptoms 
as a more extensive CBT intervention.

In sum, adding MI to CBT may improve retention rates in CBT, but no studies 
have been designed to isolate the impact of integrating MI with CBT in the context 
of professionally delivered therapy. Nevertheless, the two approaches combined 
appear to yield some benefits. Due to its brevity, MI on its own is more likely to be 
completed than more extensive CBT interventions, and MI on its own is useful for 
reducing gambling in some populations, although it has not been evaluated as a 
standalone treatment relative to an attention control condition.

9.6  Motivational Interventions and Self-Directed 
Treatments

Self-directed treatments require individuals to be internally motivated to complete 
them. MI has been evaluated as a method to increase completion of these types of 
interventions as well. Hodgins et al. [25] randomly assigned 102 problem gamblers to 
a waitlist control, a CBT workbook, or a CBT workbook enhanced by an MI phone 
session. Hodgins et al. [26] later varied whether MI was delivered in a single phone 
call or via six booster calls over a 9-month period. In both these studies, participants 
receiving any form of MI phone contact gambled less at posttreatment and 1-, 3-, 6-, 
and 9-month follow-ups than those who received the workbook-only conditions, with 
participants in the 2001 sample also gambling less at a 24-month follow-up. However, 
there was little evidence of benefit from repeated therapist contact [26]. As neither 
study reported workbook completion rates by condition, it is not possible to determine 
if MI phone calls increased treatment engagement directly, and more therapist contact 
was not associated with better outcomes than a single therapist contact.

LaBrie et al. [27] conducted a study similar to the treatment design of Hodgins et al. 
[25, 26], with the exception that MI was directly integrated into the CBT workbook and 
the phone call condition was simply a 5-min scripted phone call introducing the program 
and acting as a guide to the workbook. While not reaching statistical significance, 
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participants in both active treatment conditions were 20% more likely to have achieved 
periods of abstinence when assessed at a 3-month follow-up than participants in the 
waitlist condition, but again no benefits were found for the addition of therapist contact. 
The researchers again did not note workbook completion rates. Rates of recent absti-
nence in the waitlist control group were also substantial, and the authors attributed the 
lack of statistically significant differences between treatment and control conditions to 
reductions in gambling for participants across all conditions.

Diskin and Hodgins [28] sought to examine if, instead of a phone call, a single 
face-to-face MI intervention could increase completion and impact of a CBT work-
book. Eighty-one problem gamblers were randomized to either a MI plus CBT work-
book condition or a structured psychiatric interview (to serve as a matched attention 
control) plus the CBT workbook. Workbooks were handed out at the conclusion of 
the in-person session or interview. Fifty percent of participants in the workbook-only 
condition and 64% in the MI plus workbook condition reported completing the 
workbook. At the 12-month follow-up, MI plus CBT workbook participants were 
spending less money gambling and wagering on fewer days than participants in the 
workbook-only condition. However, gambling severity did not differ by condition, 
suggesting benefits were not consistent across all gambling domains.

The impact of very brief motivational materials has also been explored by 
Cunningham et al. [29]. They randomized problem gamblers (N = 209) to one of the 
three conditions: waitlist control, MI with personalized feedback that included norma-
tive information about gambling, and MI with personalized feedback but no compari-
son of participant’s gambling to population norms. Feedback for both conditions was 
imbedded within the MI materials. As the intervention occurred at the initial point of 
contact, all participants completed the treatment. Participants who received the partial 
feedback with no gambling norms, but not those who received the full personalized 
feedback, reported a reduction in days gambling compared to the waitlist condition. 
Given that feedback was incorporated within MI materials, it is not possible to deter-
mine the extent to which participants interacted with the personalized feedback, but 
these results suggest normative feedback information may not be particularly useful.

In contrast, another study found benefits of normative personalized feedback. 
Neighbors et al. [30] assigned 252 problem gambling college students to a single-
session computer-delivered personalized feedback condition providing college stu-
dent gambling norms or to an attention control condition. At 3-month 
post-intervention, the normative feedback condition participants had reduced gam-
bling symptoms and money lost relative to the controls. At the 6-month follow-up, 
participants in the active intervention condition continued to report significantly less 
gambling loss than the attention control participants, with no between-condition 
differences for gambling symptoms. These findings suggest preliminary support for 
very brief interventions with college student problem gamblers as well as support 
for a computer-delivered intervention, but as in most studies, treatment effects were 
not consistent across all domains.

Together, these studies suggest that integrating minimal MI with CBT-based 
workbooks may be helpful, but benefits are not pronounced or consistent. Applying 
personalized feedback related to gambling norms has had mixed effects on improv-
ing outcomes.
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9.7  Conclusion

Many interventions designed to treat gambling problems suffer from low rates of 
engagement and completion. Despite high dropout rates, some treatments have 
yielded benefits in reducing gambling problems, namely, CBT. CBT reduced gam-
bling and related problems compared to waitlist and other control conditions in 
several studies, whether the CBT was delivered in an individual or group format. 
Adding MI to CBT certainly does not hurt, and may help enhance engagement and 
outcomes, but studies have yet to isolate benefits of including motivational interven-
tions alongside professionally delivered CBT.

Self-directed treatments may also reduce gambling-related symptoms in some 
contexts. Workbooks and computer-facilitated programs have extended traditional 
CBT interventions beyond the mental health clinic. While minimal therapist contact 
appears to enhance initial engagement in these forms of self-directed treatment, at 
least for some populations of gamblers, therapist contact does not universally trans-
late to measureable impacts on long-term gambling outcomes, and more therapist 
contact does not lead to additive benefits.

Motivational interventions have also been studied on their own. They outperform 
waitlist controls in some cases, and very brief motivational or personalized feed-
back interventions may be sufficient for creating behavior change, particularly in 
some groups of problem gamblers not actively seeking treatment. These single-
session interventions may be as good at spurring change as some longer interven-
tions, especially for less severe problem gamblers, and by their nature, they are not 
associated with the high rates of attrition found in longer-term interventions.

Overall, no treatment modality or format has resulted in markedly superior rates 
of treatment retention or outcomes compared to other active treatments, but the 
greatest support to date is for CBT, with or without MI/MET. Gambling problems 
tend to dissipate over time in most persons, so it is imperative that study designs 
include attention control conditions to assess efficacy. Regardless of the type of 
therapy provided, few persons with gambling problems remain engaged in lengthy 
treatments. Further development and evaluation of brief interventions may be most 
relevant in the context of treating gambling problems.
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10Innovative Treatment Approaches 
in Gambling Disorder

Leroy Snippe, Marilisa Boffo, Sherry H. Stewart, 
Geert Dom, and Reinout W. Wiers

10.1  Introduction

Treating disordered gambling can be challenging. There is ample empirical evi-
dence suggesting a complex and dynamic interaction of genetic, developmental, 
cognitive, psychosocial, and environmental factors in the development and mainte-
nance of excessive gambling behavior [1, 2]. There is also a growing recognition 
that gambling disorder (GD) and substance use disorders (SUDs) share clinical, 
endophenotypical and neurobiological similarities [3, 4], culminating in the inclu-
sion of GD in the substance-related and addictive disorders category of the latest 
DSM-5  [5]. Furthermore, individuals suffering from GD are not a homogeneous 
group. Rather, disordered gamblers report distinct motivations for gambling [6], as 
well as a range of different intra- and interpersonal characteristics in the symptom-
atological expression of GD [7].
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Designing effective interventions for GD is further challenged by the difficulty 
in reaching individuals suffering from gambling problems. Less than 10% of disor-
dered gamblers ever seek help and enter treatment [8, 9]. This is partly related to 
most gamblers having difficulties to acknowledge they have a problem. Among 
those who do, the most frequently reported reasons for not seeking help include 
shame, stigma, and difficulties in disclosing personal issues, lack of motivation to 
stop gambling, desire for self-reliance, lack of awareness of treatment options, con-
cerns about treatment content and quality, or issues with treatment attendance and 
costs [10, 11].

As local gambling opportunities continue to change and grow, with greater 
acceptability and accessibility and the progressive legalization of varieties of online 
gambling services, there is an urgent need for the development of effective preven-
tion initiatives and support programs. Despite the surge of empirical studies on vari-
ous therapeutic approaches (cf. Chap. 9 by Ginley, Rash, & Petry), the evidence on 
the differential and long-term effectiveness of these therapeutic approaches is still 
limited [12]. Thus, it is impossible to define “best practice” treatment standards for 
addressing disordered gambling at this time.

This chapter presents an overview of recent advances in research on innovative 
treatment approaches and modalities for gambling problems, ranging from training 
interventions based on addiction models, neuromodulation techniques, and employ-
ment of modern digital technology, to tailored interventions and integration of mul-
tiple methods. Altogether, these novel domains of research on gambling interventions 
share the goal of enhancing therapeutic effects and overcoming barriers and limita-
tions to existing treatment programs by meeting the heterogeneous needs and 
demands of this particular clinical population.

10.2  Cognitive Training

10.2.1  Dual-Process Models of Addictive Behaviors

Dual-process models describe addiction as the result of an imbalance between 
two different types of neurocognitive processes: a bottom-up impulsive motiva-
tional processing network in which limbic structures such as the ventral striatum 
and amygdala play a crucial role, and top-down control processes representing 
inhibition of impulses based on long-term and goal-directed reflective consider-
ations, associated with a network including the dorsolateral prefrontal cortex [13, 
14]. However, dual-process models have theoretical problems and have been criti-
cized for being neurologically implausible  [15]. As a solution, neurocognitive 
models have been proposed emphasizing temporal dynamics dependent on the 
reinforcement of cognitive functions together with iterative reprocessing, in which 
the features of cognitive-motivational processes shift from impulsive to reflective 
with more reprocessing [16, 17]. It is important to be aware of these theoretical 
developments when considering recent advances in cognitive interventions in 
addiction [18, 19].
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One crucial ingredient of interventions in addiction is to help people to develop a 
long-term perspective, including personal goals that conflict with continuation of the 
addictive behavior [20, 21]. This is directly compatible with the motivational inter-
viewing approach, a therapeutic technique originally developed by William (“Bill”) 
Miller in the context of addiction treatment and now applied more widely [22]. 
However, sometimes motivation alone is not enough for a successful quitting attempt. 
Theoretically, motivation may be present but not sufficient by itself or not readily 
enough activated to change the outcome of response selection processes, in particular 
in situations that advantage impulsive responding. In other words, the addicted per-
son may know at some level that discontinuation of the addictive behavior would be 
better in view of long-term goals, but at the same time addiction-related cues may 
capture attention, may trigger memory associations and elicit trains of thought 
related to continuation, and in some cases even trigger action tendencies toward the 
addictive behavior  [18, 23]. In recent years, several varieties of cognitive training 
have been developed, which may help motivated clients to bias their addiction-
related decision-making toward a discontinuation of the addictive behavior. While 
these training programs have been rather successful as add-on to regular treatment of 
SUDs, especially when added to inpatient treatment for alcoholism [18, 24, 25], we 
do not know yet whether this approach works for problematic gambling as well. 
Further, a mechanism hypothesized to play a role in the disproportional influence of 
bottom-up, cue-elicited processes is neural sensitization resulting in sensitized 
responses to cues predicting the addictive behavior [14, 26], based on the work of 
Robinson and Berridge [27, 28], and we do not know whether this mechanism plays 
a similar role in gambling. However, there are indications that similar cognitive 
biases, such as attentional bias, also occur in gamblers (e.g.,  [29]; for a narrative 
review, see [30]), strengthening the case for cognitive training in gambling.

Cognitive training paradigms can be classified into two broad types: those aimed 
at modifying impulses and those aimed at increasing cognitive control in general 
[18]. The first type of training aims to modify cognitive biases automatically trig-
gered by addiction-related stimuli (i.e., Cognitive Bias Modification paradigms). 
The training can focus on attentional processes (attentional bias retraining), action 
tendencies (approach bias retraining), or memory processes (e.g., evaluative condi-
tioning). The second class of training typically involves many sessions of training 
general cognitive control functions such as working memory and has been applied 
with some success to addiction [31–33].

10.2.2  Cognitive Bias Modification

Cognitive bias modification (CBM) refers to a class of cognitive training paradigms 
that target specific automatic attentional, behavioral, or evaluative biases triggered 
by addiction-related cues. These biases have repeatedly been shown to play an 
important role in addiction, leading researchers to believe that finding a way to 
modify these biases could drastically advance the treatment of addiction [18]. 
Encouraged by results in the domain of anxiety, researchers started developing such 
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methods [34–36]. The resulting training paradigms are typically based on assess-
ment versions of reaction-time tasks used to measure the targeted cognitive bias, 
with a built-in stimulus-response contingency to manipulate the bias [18, 37].

For example, to manipulate selective attentional processes toward salient cues, 
researchers adjusted the visual-probe task [34]. In this task, participants have to 
respond to a probe presented at the location of one of two stimuli displayed next 
to each other on the computer screen (e.g., an addiction-related picture and a neu-
tral picture). In the assessment version of the task, the probe is presented equally 
often after both stimuli. The idea is that participants show a faster response when 
the probe appears at the location on which their attention was already focused [38]. 
In the training version of the task, the stimulus-probe contingency is manipulated 
so as to consistently present the probe at the location of the neutral stimulus, thus 
training participants to consistently shift attention away from addiction-related 
cues and to attend to neutral cues instead. Similar contingencies are added to other 
tasks used to train different biases (e.g., approach bias and memory associations) 
and to stimulate learning of a new stimulus-response association counteracting 
the previously learned, dysfunctional implicit associations. The underlying idea is 
that repeated training can reduce or even invert biases and lead to behavioral 
change [18].

10.2.2.1  Attentional Bias Modification
Motivationally salient cues have the ability to grasp our attention over neutral cues 
and interfere with the processing of our surrounding environment by “hijacking” 
our cognitive resources. This attentional preference has been called attentional bias 
[18]. While mostly studied in the domain of anxiety, where threatening stimuli seem 
to grab the attention of anxious participants more than neutral or positive cues [39], 
the role of attentional bias has also been more recently explored in addictive behav-
iors by using training varieties of two reaction-time tasks: the emotional Stroop task 
[40] and the visual-probe or dot-probe task [41]. Both tasks measure the attentional 
interference induced by salient (i.e., addiction-related) cues [42]. Using these two 
tasks, attentional bias toward addiction-related cues has been found in tobacco [43, 
44], alcohol and drugs [45, 46], cannabis [47], heroin [48], cocaine [49], and in the 
eating domain [50]. Moreover, attentional bias has been found to be related to addic-
tion severity ([51–53]; but for a critical review, see [54]).

A few studies have investigated the role of selective attentional processes in GD 
as well (for a review, see [30]). Consistent with other addiction disorders, problem-
atic and pathological gamblers show generally faster reaction times toward 
gambling- related cues, compared to other stimulus categories [55–60]. This atten-
tional preference for gambling-related cues was also found in other behavioral mea-
sures of attention [29, 57, 61]. Further, neuroimaging studies on cue reactivity for 
gambling stimuli found increased activations in fronto-striatal reward circuitry and 
brain areas related to attentional processing in pathological and problematic gam-
blers compared to healthy controls [62, 63]. Importantly, some research suggests 
gamblers’ attentional bias is specific to their preferred gambling activity [64, 65].
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Building upon this knowledge, researchers tried to manipulate and retrain selec-
tive attentional processes using adjusted versions of the same tasks used to measure 
this bias, i.e., attention bias modification (ABM) paradigms. A first group of experi-
mental studies on ABM for alcohol successfully manipulated the attentional bias 
toward alcohol or neutral cues, with participants trained to avoid alcohol cues 
reporting less craving for alcohol compared to participants trained to attend to alco-
hol cues [66, 67]. However, manipulation of alcohol attentional bias did not affect 
alcohol consumption after the training. In a further study with heavy drinkers trained 
to avoid alcohol cues, ABM was successful in decreasing alcohol attentional bias 
[68]. However, this effect did not generalize, as participants did not show reduced 
attentional bias for untrained alcohol cues. No effects on craving were found either. 
Following these early preliminary lab studies, in a first clinical study with alcohol- 
dependent patients, 5 ABM sessions were offered as an add-on intervention atop 
treatment as usual (3–6 months of CBT [69]). Patients were randomized to either 
ABM training or sham training. Results indicated that ABM was successful in 
reducing alcohol attentional bias in the experimental condition, and this effect did 
generalize to novel alcohol stimuli. As in the previous studies, a reduced attentional 
bias did not result in less craving. However, participants who received the ABM 
training were discharged faster and took significantly longer to relapse. Other stud-
ies using different training paradigms (i.e., the Alcohol Attention-Control Training 
Program based on the emotional Stroop task) over multiple sessions found similar 
results: reduced attentional bias after ABM training, resulting in reduced alcohol 
consumption and increased motivation to change drinking habits [70], but results 
are hard to interpret and not conclusive due to the lack of a control group. In a more 
recent study, this training was combined with a motivational intervention in a full 
factorial design, with ABM yielding primarily short-term reductions in drinking, 
while motivational enhancement yielded more long-term changes [71].

The investigation of ABM interventions with smokers has produced rather mixed 
results, with ABM not always successfully reducing attentional bias toward smok-
ing cues [72, 73]. Smoking-related attentional bias can be manipulated, albeit not 
always resulting in sustained effects or changes in craving and smoking rate [74, 
75]. In contrast, one study in a more natural environment did find effects of ABM 
on smoking attentional bias and craving in participants not seeking help [76]. 
However, the reduction in attentional bias and craving did not result in decreased 
smoking behavior, which is not surprising given the fact that the participants did not 
want to quit smoking. A longitudinal study including help-seeking smokers varied 
the number of ABM sessions (0–3) across participants [77]. Results indicated ABM 
successfully reduced attentional bias, and the sustainability of this effect was depen-
dent on the number of sessions (up to 6  months for participants receiving three 
ABM sessions). However, reduced attentional bias once again did not result in 
reduced craving or abstinence. A recent study obtained more promising results: 
smokers who wanted to quit were invited to participate in an online ABM program, 
based on the visual-probe task [78]. Participants were selected based on motivation 
to quit: only those who confirmed an actual quit attempt were included. While the 
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clinical trial did not result in significant effects in the whole group, it did signifi-
cantly increase 6-month abstinence in the subgroup of heavier smokers.

ABM studies have also been conducted in the field of eating disorders, with simi-
lar findings: reversed attentional bias for unhealthy foods with generalization to 
novel food cues [79]. Moreover, manipulating attentional bias for food-related cues 
affected craving for and consumption of unhealthy foods [80, 81]. ABM has also 
been used to promote healthy food choice by increasing attentional bias for healthy 
food cues, with a related increase in consumption of healthy food [82].

To our knowledge, no study has been published on the effects of ABM in gam-
bling disorder yet. However, a first pilot randomized clinical trial is currently ongo-
ing [83], where an online ABM program including 6 sessions of training is being 
tested with a sample of problematic and disordered gamblers. The researchers hope 
to answer the question as to whether ABM is potentially effective in reducing 
gambling- related attentional bias and gambling problems.

All in all, ABM seems to be effective in altering attentional bias for motivationally 
salient cues in addictive behaviors. Results on the effectiveness of ABM in reducing 
craving or actual consumption, however, are mixed. It should be taken into account 
that most of the research done on ABM in addictive behaviors can be considered 
experimental, often using just one session of training, whereas in the first, albeit very 
few, clinical studies with motivated patients receiving multiple ABM sessions on top 
of treatment as usual, ABM does seem to have clinically significant effects. In the 
light of the psychopathological and endophenotypical similarities between GD and 
other addictive behaviors and the evidence on cue-induced selective attentional pro-
cesses in problem gamblers, ABM holds promise as an innovative (add-on) treatment 
approach for GD targeting conditioned attentional processes.

10.2.2.2  Approach Bias Modification
As mentioned in Sect. 10.1, through conditioning, addiction-related cues and behav-
iors acquire incentive salience properties for triggering impulsive, automatic, and 
involuntary motivational states [27, 28]. As a result, these cues not only grab our 
attention, but they can also induce a state of behavioral preparedness and approach 
tendencies toward those cues signaling the upcoming reward, i.e., approach bias. 
Approach bias has received increasing interest over the last few years, since it appears 
to play a crucial role in the onset and maintenance of addictive behaviors [18]. 
Addiction-related cues do gain increasing motivational incentive salience over time, 
in turn resulting in an increased tendency to reach for or move toward these cues.

Reaction-time assessment tasks of approach bias generally require participants 
to either approach or avoid certain cues, based on specific stimulus characteristics. 
The cues themselves are often a mix of neutral (e.g., photos of flowers, animals, 
landscapes, daily objects or activities, etc.) and addiction-related cues (e.g., photos 
of slot machines or alcoholic beverages). Depending on the type of task, stimulus 
features on which the approach or avoid decision has to be made can be either 
related or unrelated to the contents of the stimulus (i.e., relevant- or irrelevant-fea-
ture tasks, see  [84–86]). Frequently used tasks to measure approach bias are the 
relevant-feature manikin and stimulus-response compatibility task [87, 88] and the 
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irrelevant-feature Approach Avoidance Task (AAT [89]). Using these tasks, addic-
tion-related approach bias has been documented in different addictive behaviors, 
including smoking [90–92], cannabis use [47, 93], drinking [42, 89, 94], and even 
toward unhealthy foods in overeaters and overweight individuals [95–99]. Moreover, 
the strength of the approach bias seems to be related to addiction severity and addic-
tive behavior escalation across substances [91–93, 98]. A study in the alcohol 
domain has also associated the strength of an approach bias to a genetic variation: 
male carriers of the G allele in the OPRM1 gene showed a stronger approach bias 
for alcohol and other appetitive cues, compared to noncarriers [89].

A first set of studies has been recently conducted to examine the role of gambling- 
related approach bias in Canadian and Dutch problem and non-problem gamblers, 
using an adapted version of the AAT with gambling stimuli tailored to participants’ 
gambling preferences [100, 101]. Results demonstrated the presence of approach 
bias toward gambling cues among Dutch gamblers with moderate-to-high severity 
of gambling problems, compared to non-problem gamblers [101], but not for 
Canadian problem gamblers [100]. Moreover, gambling approach bias predicted 
frequency and duration of prospective gambling episodes, over and above baseline 
neutral approach bias and gambling frequency and duration, respectively [101]. 
Even though not yet replicated, these results are consistent with findings in other 
addictive behaviors and support the hypothesis that automatic approach tendencies 
also play a role in problematic gambling behavior.

Similar to ABM, assessment tasks used to measure approach bias have been 
adapted to retraining paradigms, falling under the category of approach bias modifi-
cation (ApBM). The first experimental study delivered one session of ApBM with a 
training version of the AAT, to train participants to either approach or avoid alcohol 
[94]. At posttest, participants who were trained to approach alcohol cues proved to be 
faster to approach (i.e., pull the joystick) alcohol cues, while those who were trained 
to avoid (i.e., push the joystick) alcohol cues showed an increased avoidance bias 
toward alcohol. These results also generalized to novel cues and to another implicit 
task using words instead of pictures (i.e., the approach-avoid Implicit Association 
Test [102, 103], based on [104]). Moreover, heavier drinkers who were successfully 
trained to avoid alcohol cues drank less alcohol during a subsequent taste test [94].

Consecutive clinical studies on AppBM in alcohol showed similar results (for a recent 
review and meta-analysis, see [105, 106]). Two large-scale randomized clinical trials 
have been published [24, 25]. In both studies, ApBM was implemented as an add-on to 
treatment as usual (primarily CBT therapy). The first of these studies (n = 214) found that 
4 sessions of ApBM had a long-term positive effect on relapse rate in alcohol-dependent 
participants 1  year after treatment completion [24], with 13% less relapse in trained 
patients compared to controls, who were either assigned to a no-training control group or 
to a sham-training (continued assessment) control group. A second replication study 
(n = 509) with 12 sessions of training found similar results, with 9% lower relapse rate 
after 1 year in the experimental group. The large sample size allowed for determination 
that the clinical effect was mediated by the change in alcohol approach bias. Moreover, a 
moderation effect was also found: participants with a strong alcohol approach bias prior 
to treatment and of older age benefited most from the ApBM training [25].
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A reduced relapse rate in the experimental group was also found when 4 sessions 
of ApBM or sham training were offered to inpatients during the early week of detoxi-
fication phase before treatment as usual [107]. It is interesting to note that an optimal 
dosage of AppBM is not yet known. In a re-analysis of Eberl et al.’s data [25], the 
same authors investigated the dose-response relationship of ApBM intervention and 
found 6 ApBM sessions to be the mean optimum dosage but also indicated that a 
proportion of participants showed further improvement after 9 and 12 sessions [108].

The implementation of ApBM for smoking behavior provided promising initial 
results, with participants receiving one session of online ApBM showing reduced 
levels of smoking after 4 weeks [109] and after 3 months [110]. However, these 
results should be considered preliminary. Other results of ApBM in smoking are 
somewhat mixed and appear to be dependent on the setting and the motivation of 
participants (e.g., [111]) and the amount of behavior change in studies is still very 
limited [106]. A few studies have started exploring the efficacy of ApBM in other 
addictive behaviors, such as unhealthy food intake [112–114]. However, when the 
approach bias toward unhealthy foods was not successfully modified, ApBM did 
not have any behavioral effect [115], consistent with the mediation effect demon-
strated in the alcohol domain. A preliminary study in a different form of behavioral 
addiction, namely, online gaming, reported that a single session of ApBM resulted 
in a reduced approach bias to gaming cues, subjective urges, intention to play, and 
game-seeking behavior [116].

To our knowledge, there is as yet no published study on ApBM in GD. First 
attempts are however under way encouraged by the discovery of an approach bias 
in problem gamblers [101]. An online ApBM program is currently being tested with 
Belgian and Dutch problem and disordered gamblers (the randomized clinical trial 
has a parallel-group design testing both ABM and ApBM interventions [83]). 
Personalized motivational feedback has been added to the training program to 
increase training adherence and prevent dropout. The same research group also 
launched a second web-based study combining online ApBM with internet-based 
CBT program with chat-based guidance from a trained therapist [117]. Participants 
receive nine CBT sessions through online chat with the therapist and, concurrently, 
nine sessions of AppBM. The same Canadian-Dutch group that found an approach 
bias in problem gamblers [101] also launched a subsequent study investigating 
whether problem gambling symptoms can be reduced trough an online program 
combining 4 sessions of ApBM with dynamic personalized motivational feedback, 
the latter added to increase adherence  (Stewart, S.H., personal communication, 
March 2017).

The evidence suggesting a role of approach bias in addictive behaviors is accu-
mulating and already quite extensive, with first results pointing to similar automatic 
associative processes in disordered gambling. The use of ApBM paradigms to 
decrease or reverse approach bias toward addiction-related appetitive cues has pro-
vided promising results and is also currently tested in the gambling population. 
ApBM has the potential to become an innovative add-on treatment program, when 
used in addition to regular treatment or as low threshold and not too intensive train-
ing program for motivated participants. Future research is warranted to further 
investigate the clinical effectiveness of AppBM, hopefully leading to a better under-
standing of its working mechanisms and operational optimization.
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10.2.2.3  Evaluative Conditioning
The last CBM paradigm is evaluative conditioning (EC), which is based on the 
assumption that behavior is influenced by implicit attitudes or associations [118]. 
These implicit attitudes are formed through experience and are activated whenever 
coming in contact with (addiction-related) environmental cues that have been asso-
ciated with a strong emotional valence and anticipatory expectation of reward.

Indeed, there is some evidence for implicit evaluative associations to predict 
unique variance in additive behaviors [119]. For example, implicit positive attitudes 
have been found to predict escalation of alcohol consumption [120], to correlate 
with nicotine dependence and predict relapse in smoking [121], and to predict food 
choice [122]. In gambling, implicit positive attitudes seem to be associated with 
greater gambling involvement and more gambling-related problems and uniquely 
predict gambling behavior above and beyond explicit outcome expectan-
cies [123–126] and to be a hallmark of problem gamblers [127].

EC has been designed to target these dysfunctional attitudes, based on the 
assumption that, similarly to how these attitudes are developed, repeatedly pairing 
addiction cues with emotional or valenced cues results in dominant evaluative asso-
ciations. EC can work both ways by creating new positive or negative valence asso-
ciations and has previously been used in, among others, the areas of advertising, 
racial prejudice, and anxiety and phobias [118, 128, 129].

More recently, researchers have begun assessing the effectiveness of EC in 
addictive behaviors. In alcohol, EC resulted in stronger implicit and explicit nega-
tive attitudes toward alcohol, less craving for alcohol, and less alcohol consumption 
directly after and 1 week following the intervention [130, 131]. Interestingly, one 
study found EC was only effective in changing implicit alcohol attitudes when gen-
eral negative images were used and not when photos of frowning faces were used 
[130]. This implies implicit alcohol attitudes are perhaps more strongly influenced 
by experiencing affective states than by social feedback.

In the eating domain, EC increased implicit negative attitudes toward unhealthy 
foods [132–135] while leaving explicit attitudes and cognitions intact [132, 136]. In a 
number of studies, EC also resulted in reduced unhealthy food intake [132], possibly 
through a mediating role of implicit attitudes [134]. However, in other studies, EC did 
not produce any behavioral result [133, 135]. Interestingly, the effectiveness of EC in 
changing implicit attitudes also appears to be greatest in those with prior stronger 
implicit attitudes and those with low emotional control [132, 134, 135], partially simi-
larly to the moderation effects observed in AppBM for alcohol [25]. It should be noted 
that a lot of research done on EC in the food domain demoted unhealthy food choices 
while simultaneously promoting healthy food choices. Hence, behavioral effects of 
EC (choosing to eat a healthy snack vs. an unhealthy snack in a subsequent taste test) 
should be interpreted with caution since it is unclear whether these effects are due to 
devaluation or promotional effects, or perhaps even both.

These first proof-of-principle studies in alcohol and food intake have pinpointed 
the positive effects of EC in reducing the strength of positive memory associations 
with addictive cues. The deployment of EC as a therapeutic approach is still in the 
experimental phase, and more studies are necessary to further prove its validity as 
an effective training program. To our knowledge, no studies have yet explored the 
effects of an EC program in GD.
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10.2.3  General Cognitive Training

General cognitive control training aims at improving the ability to self-control. We 
can better visualize the role of self-control by using the metaphor of a rider riding a 
horse and trying to steer it in an intended direction. The horse represents our 
impulses and urges striving for immediate gratification and the rider our intentional 
plans of action and ideas of where to go. In spite of the clear goal of reaching the 
destination, the rider needs to be able to tame and guide the horse, preventing it 
from taking over whenever something interesting and appetitive appears along the 
path. General cognitive training helps in improving the rider’s strength to tame the 
horse and guide it in the intended direction [137].

This class of training targets executive functions often used to exert self-control and 
guide behavior, such as working memory and response inhibition. However, some-
times a training may have different effects than one might expect; for example, selec-
tive inhibition training has often been classified as a variety of cognitive control 
training, but in fact, a specific response to a cue can  also be trained (e.g., a no-go 
response to an addiction-related cue), which makes the addiction-related associations 
more negative (e.g., [138, 139]) but does not increase general inhibition capacity [138].

10.2.3.1  Working Memory Training
Working memory training (WMT) is used to improve working memory capacity 
(WMC), which refers to the ability of transiently holding, processing, and manipu-
lating information. WMC is a core executive function and a crucial factor in cogni-
tive processes such as monitoring, planning, problem-solving and decision-making, 
and performing complex cognitive tasks such as learning, reasoning, and compre-
hension [140]. As such, WMC appears to be heavily involved in top-down control 
and guidance of behavioral processes.

WMC deficits are seen in a number of unhealthy and addictive behaviors. In 
smokers, for example, WMC has been found to be impaired after a period of absti-
nence [141], and impaired WMC during abstinence was a predictor of relapse [142, 
143]. In alcohol, WMC interacts with impulsivity and cognitive biases in predicting 
alcohol consumption, in line with the role of WMC in top-down processes (see 
review by Wiers et al. [144]). WMC deficits indeed predict alcohol use in those with 
strong cognitive biases or high impulsivity [145–147]. Moreover, a longitudinal 
study on early  alcohol use in adolescence  showed that WMC deficits preceded 
impulsivity, which in turn predicted alcohol use [148]. This same interaction has 
been reported in predicting drug use [149]. Results in cannabis use and unhealthy 
food intake show similar patterns [150, 151].

In problem gambling, the role of WMC seems to be more complex. In a number 
of studies, problem gamblers did not differ from healthy controls on measures of 
WMC  [152–154] while one study did find WMC deficits in problem gamblers 
[155]. It is also unclear whether or not WMC can predict gambling or gambling 
relapse after treatment.

Considering the role of WMC in addictive behaviors, training programs aiming 
to increase WMC could be a promising and efficient addition to regular therapy 
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[140]. A meta-analysis indicated that improving WMC is in fact possible through 
WMT [156], and WMT seems especially effective in those with low WMC 
[157–159], although one critical meta-analysis expressed concerns regarding these 
results [160]. WMT paradigms generally consist of several visuospatial or sequence 
recall tasks in which participants are required to mentally store and recall increas-
ingly complex information [32, 33, 161].

WMT interventions have been experimentally tested in individuals who heavily 
consume, or have problems with, a variety of substances. In alcohol, WMT was 
effective in improving WMC and reducing drinking at 1-month follow-up [33], with 
the strongest effects in participants with strong automatic impulses or associations. 
One study assessing the effects of WMT in stimulant addiction reported that WMT 
did not produce any effect on a number of cognitive measures, including a measure 
of WMC, but WMT did improve performance on a delay discounting task [32]. In a 
follow-up study, the authors proposed delay discounting to be closely related to 
WMC [162]. The effects of WMT have also been studied in unhealthy eating [163]. 
In obese adolescent inpatients, WMT resulted in enhanced WMC but did not 
improve weight loss at discharge. However, those who received WMT better main-
tained their weight loss 8 weeks after discharge. At 12 weeks after discharge, the 
advantage of the WMT subsided [163]. In a study with adult overweight individu-
als, WMT effectively reduced eating-related thoughts, overeating in response to 
negative emotions, and food intake among participants with strong dietary restraint 
goals, but no changes in BMI, craving or hunger in the laboratory were 
observed [164]. To the best of our knowledge, no studies exist assessing the effects 
of WMT interventions for disordered gambling.

Considering the role of WMC in decision-making processes and in regulating 
behavior and the preliminary results of WMT in other addictive behaviors, WMT 
would seem a promising addition to existing therapy for gambling problems. However, 
results so far are mixed, and some authors are concerned with the generalized effective-
ness of WMT [160]. Future research is therefore needed to further investigate the role 
of different WMC components in addictive behaviors and particularly in disordered 
gambling, due to the absence of exogenous neurotoxin intake, which possibly leads to 
different patterns of neuropathology in disordered gambling vs. substance addiction. 
Broadening the understanding of the role of WMC in behavioral addictions would then 
also result in more refined training programs efficiently manipulating it.

10.2.3.2  Selective Inhibition Training
Research shows that, similarly to SUDs, inhibitory control plays a crucial role in the 
formation and continuation of GD [165, 166]. Indeed, problem gamblers tend to 
score lower on measures of general inhibitory control [63, 152, 167–172]. The 
notion that deficits in inhibitory control play an important role in addictive behav-
iors led to the idea that training and improving general inhibition could reduce 
addictive behavior. However, results of general inhibition training on addictive 
behavior are mixed and effects limited (e.g., [173–175]; for a review, see [176]).

Interestingly, some theories have taken a different approach in explaining the 
relation between inhibitory control and addictive behavior. These theories state that 
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inhibitory control should be considered a fluctuating state dependent on internal and 
external momentary states and conditions, including the influence of environmental 
cues [177, 178]. In support of this idea, studies in addictive and eating behaviors 
have shown that states of impaired inhibitory control can be induced by addiction- 
and food-related cues [179–182]. This state, in turn, has been shown to prospec-
tively predict addictive behavior [180].

Further support for the role of selective inhibition  in addictice behaviors, as 
opposed to general inhibition, comes from studies trying to train inhibitory control 
in addiction using adapted tasks used to measure response inhibition or impulsivity, 
such as the go/no-go task [183] or the stop-signal task [184]. While quite similar in 
task structure and purpose (i.e., assessing response impulsivity), it has been argued 
these tasks measure two distinct processes: a more associative and bottom-up form 
of cognitive inhibition (go/no-go task) and a more controlled and top-down form 
of motor inhibition (stop-signal task; for a moredetailed explanation of differences 
between the processes underlying the two tasks, see [185]). Inhibition training in 
addictive behavior is, in general, more effective when using the go/no-go task 
[176, 186], as automatic inhibition leads to devaluation of no-go cues [187], whereas 
there is no evidence that controlled inhibition devalues stop-signals. These results 
and the differential effects of using addiction-specific cues as targets [178], led to a 
reconceptualization of inhibition training, separating (top-down) general inhibition 
training and (bottom-up) selective inhibition training (SIT) [188].

Most research into SIT has been conducted in the eating domain, wherein research-
ers were interested in reducing the intake of unhealthy foods. The majority of the stud-
ies are proof-of-principle lab studies comprising a single session of an adapted go/
no-go training paradigm. Results indicate that SIT is effective in increasing inhibition 
for food cues [189, 190] and, more importantly, is effective in reducing the intake of 
unhealthy foods post-training [189–193]. Interestingly, the effects of SIT were espe-
cially strong for participants who were hungry or regularly ate unhealthy foods [193] 
and for participants who had a high BMI or were chronic dieters [190]. Effects on crav-
ing are mixed, with some studies indicating reduced craving after SIT [189], while 
others do not [192]. One study using training with the adapted stop-signal training 
found the same pattern of decreased unhealthy food intake after SIT training, albeit 
only for participants who scored high on general impulsivity prior to training [194].

A small number of studies have looked at the effects of multiple SIT sessions on 
unhealthy eating behavior. Studies using the go/no-go training task found SIT 
resulted in greater weight loss and a reduction in intake and liking of unhealthy 
foods directly after treatment [175, 195]. The effect of SIT on weight loss was still 
present after 6 months [195] and was strongest in participants with a high BMI prior 
to treatment [175]. However, no behavioral effects were observed. One study using 
a stop-signal training task found SIT resulted in increased inhibitory control directly 
after treatment, but not at a 1-week follow-up [174]. Furthermore, effects of SIT on 
weight loss were mixed, and no behavioral effects were found.

Few studies have looked at the effects of SIT on (heavy) drinking. One study using a 
one-session go/no-go SIT found heavy drinkers developed negative attitudes toward 
alcohol and reduced their alcohol consumption in the week following training [139]. A 
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second study in heavy drinkers found one session of stop-signal SIT reduced craving and 
alcohol consumption directly after training but not in the week following training [173].

In the field of behavioral addiction, there is a paucity of research on SIT. Only 
one study in sex addiction presented one session of go/no-go SIT training with 
sexually appealing cues. SIT resulted in cues being rated as less appealing and a 
reduced sex approach bias directly after training [196]. To our knowledge, no stud-
ies have been reported on the effectiveness of SIT in GD, nor are we aware of any 
such studies presently being conducted or proposed.

Two recent meta-analyses summarized the effectiveness of SIT, concluding it 
does produce a contingent effect on addictive behavior but that evidence of long- 
term effectiveness is still mixed [174, 188]. SIT effectiveness does not appear to 
depend on the number of training trials and training programs using the go/no-go 
paradigm as the training task showed more positive effects than studies using the 
stop-signal task. Furthermore, participants who are motivated to change their behav-
ior seem to benefit the most from SIT.

To conclude, the revised conceptualization of SIT working mechanisms encour-
ages the endorsement of SIT as a potential candidate for future research on innova-
tive treatments for GD, since GD is characterized by fluctuations of selective 
cue-induced states of impaired inhibitory control, rather than general response inhi-
bition problems [159]. SIT works by increasing selective inhibitory control and is 
especially effective in motivated participants with low selective inhibitory con-
trol for addiction-specific cues [175, 190, 191], consistent with findings in CBM for 
alcohol approach bias [25].

10.3  Brain Stimulation

In the past decade, there has been a surge of interest in the use of neuromodulating 
interventions in the treatment of a broad range of both neurological and psychiatric 
disorders, such as depression, anxiety, and addiction [197–199]. The concept of 
neuromodulation refers to the temporal (noninvasive) modulation of brain neuro-
physiology within specific regions and circuitries, aimed at changing related emo-
tional and behavioral patterns. Two main neuro-technologies have been commonly 
used to externally modulate cortical excitability: repetitive transcranial magnetic 
stimulation (rTMS) and transcranial direct current stimulation (tDCS).

rTMS generates repeated pulses of high-intensity magnetic field by passing a 
brief electric current through an inductive coil placed on the scalp. This magnetic 
field induces an electrical current in the brain tissue beneath the coil, resulting in 
alterations of neural excitability (i.e., neuron depolarization). In addition to its corti-
cal action and as a function of the placement of the coil, rTMS may act remotely on 
deeper brain structures via brain circuits and interhemispheric connections [200, 
201]. tDCS is another method capable of modulating cortical excitability. It consists 
of delivering a low-intensity electric field (1–2 mA) through the brain between two 
external electrodes placed on the scalp and inducing a subthreshold modulation of 
neuronal membrane potentials.

10 Innovative Treatment Approaches in Gambling Disorder



208

rTMS and tDCS can have both enhancing and inhibiting effects. Anodal tDCS 
over the dorsolateral prefrontal cortex (DLPFC) increases excitability, while cathodic 
tDCS reduces it. Likewise, high-frequency rTMS exerts an enhancing effect, while 
low-frequency rTMS has an inhibitory effect. Increasing (prefrontal) cortical excit-
ability is hypothesized to enhance cognitive functioning. Specifically, noninvasive 
brain stimulation over the prefrontal cortex region is increasingly shown to (tran-
siently) modify impulsivity and its different components, such as decision-making 
and delay discounting [202, 203]. Of importance, impulsivity is strongly linked with 
the pathogenesis (initiation and continuation) of GD [204, 205] and as such might 
represent an important target for therapeutic interventions. Within this context, 
neurostimulating interventions such as rTMS and tDCS applied to the DLPFC may 
indirectly modulate dopaminergic pathways and consequently have an impact on the 
symptoms of addiction, i.e., improving cognitive control and reducing craving [197].

Within clinical samples, tDSC and rTMS have shown clinically relevant effects 
specifically on reducing craving for alcohol, cocaine, and nicotine [197, 206]. 
However, their temporal effect indicates the need of repetitive treatment. In contrast 
to SUDs, hardly any studies have currently been done on GD, although from a view-
point of etiology/pathogenesis, the similarity with SUDs might suggest that these 
interventions could be of use in patients suffering from GD and/or other behavioral 
addictions. With regard to rTMS, a recent small study showed that high-frequency 
rTMS of the medial prefrontal cortex (PFC) and continuous theta burst stimulation 
(cTBS) of the right dorsolateral PFC, can reliably reduce motivational and physio-
logical reinforcement effects of slot machine gambling in men diagnosed with 
GD [207]. These positive findings contrast an earlier, even smaller study showing 
no effect of deep TMS on gambling behavior [208].

Taken together, based upon the hypothesized neurophysiological working mecha-
nisms associated with noninvasive neuromodulation techniques and the findings from 
clinical studies in SUDs, neuromodulation interventions can be expected to be effective 
within the treatment of GD.  As such, they represent a novel line of interventions. 
However, at this point in time, studies are few and findings preliminary. In addition to 
the clinical effectiveness, many questions remain to be explored. These include, among 
others, exploring the exact components of gambling behavior (and cognitions) that are 
affected, the location of the coils, depth and intensity of the stimulation, and the ideal 
repetition time. Indeed, although neurostimulation has been suggested to initiate a pro-
cess of neuroplasticity [209], and as such a more sustainable change, questions remain 
about how long a stimulation period is necessary and indeed whether the initial effects 
will hold up. Finally, there is a need for future studies exploring whether neuromodula-
tion as an add-on to cognitive treatment can enhance the treatment effect. First studies, 
albeit in heavy alcohol drinking populations, point in that direction [210, 211]. Whether 
this holds for the treatment of GD remains to be explored.

10.4  Digital Interventions

Overcoming barriers to treatment is one of the primary challenges for healthcare 
providers when designing, evaluating, and delivering evidence-based care in an 
accessible and cost-efficient fashion. Broadening the outreach and offering 

L. Snippe et al.



209

low- threshold programs, tailored to the demands for privacy and self-reliance, and 
ensuring sensitivity to the socioeconomic conditions of problem gamblers [10, 11] 
could potentially decrease treatment-seeking stigma and stimulate behavior change 
on a larger scale. In order to achieve such goals, research in innovative interventions 
for GD has recently began exploring new mediums of administering treatment. One 
such a medium sparking researchers’ interest is also increasingly being used by 
gamblers to engage in their activities: the Internet and, more generally, digital tech-
nology [212–214].

In the past decade, digital technologies have increasingly become pervasive in all 
aspects of our daily lives. Mobile and wireless technologies, including laptops, 
smartphones, tablets, and embedded cameras, promote real-time connectivity in 
every moment of our lives and provide instant access to a monstrous amount of 
information, news, documents, and services available nonstop. For health and 
healthcare, the Internet infrastructure provides a compelling profusion of possibili-
ties to develop and integrate digital health products, services, apps, and platforms, 
into care protocols complying with the advances in technology, new findings about 
the determinants of health and illness, and changing modalities of healthcare and 
recipients’ needs.

10.4.1  What Is E-health?

The World Health Organization defines E-health as the use of information and com-
munication technologies for health purposes, in which health resources and health-
care are being communicated and transferred by electronic means, facilitating 
healthcare management and promotion, the confidential communication between 
caregivers and clients, and a wide outreach of health services to a large scale. Digital 
health interventions also fall under the field of E-health and refer to “interventions 
that employ digital technology to promote and maintain health, through primary or 
secondary prevention and management of health problems” ([215], p. 814). They 
include web-based programs accessible via smartphone, laptop, and tablet devices 
but can also employ automated healthcare and communication systems, mobile 
“apps” (m-health), virtual reality and serious games, and mobile, wearable, and 
environmental sensors that can provide intelligent monitoring and feedback as and 
when needed (e.g., ecological momentary assessment and interventions [216]).

It is important to note here that “digital interventions” generally refers to the 
implementation of therapeutic principles in a digital environment rather than an 
entirely novel type of  interventions [217–219]. In doing so, digital interventions 
expand the reach of traditional interventions, building upon existing therapeutic 
principles and harnessing the potential of increasingly sophisticated new technolo-
gies, whether it is through serious games, web-based craving diaries, or cognitive 
training applications. Digital health interventions are typically automated, interac-
tive, and personalized, employing user input or sensor data to tailor feedback or 
treatment pathways without the need for direct health professional input, although 
they may still include elements of tele-healthcare (i.e., remote interaction with or 
monitoring by health professionals). Digital interventions can then facilitate healthy 
behaviors and lifestyles by supporting the individual in the “real world,” outside the 
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highly protected clinical setting, to promote change in behaviors associated with 
specific contexts in the individual’s daily life. Compared to standard face-to-face 
treatment, digital interventions give users the opportunity to empower self-reliance 
and self-management skills in a setting that is immediately and intrinsically linked 
to their health problem and guarantee convenience, 24/7 accessibility, and availabil-
ity. These features are particularly relevant for hard-to-reach populations and users 
who seek help but are not inclined to use traditional services, such as at-risk or 
problem gamblers. Furthermore, as problem recognition and desire for anonymity 
also appear to be an important barrier to prevention and treatment access, Internet- 
based screening and support tools for problem gamblers are one way of increasing 
accessibility due to the confidentiality and nonjudgmental quality of digital inter-
ventions [220].

A number of recent systematic reviews have demonstrated the beneficial effects 
of digital interventions stand-alone or in combination with standard treatment, 
including Internet-based programs [221–224], mobile applications [225–227], seri-
ous games [228–230], and virtual reality environments [231, 232], to promote 
healthy behaviors and lifestyle (e.g., smoking cessation, healthy eating, physical 
activity, or alcohol consumption); improve treatment adherence, self-management, 
and outcomes in people with long-term health conditions (e.g., depression, anxiety, 
diabetes, asthma, or chronic pain); and provide remote access to effective treat-
ments (e.g., digitally delivered CBT or motivational interviewing for different men-
tal and somatic disorders).

10.4.2  Web-Based and Smartphone Interventions

A general Google search on “how to stop gambling online” gives about 2,930,000 
results (November 2016), listing a myriad of websites providing help tools ranging 
from educational information such as books, brochures, checklists, and functional 
guidelines, self-assessment instruments, forums for gamblers, and modular self- 
directed programs to online counseling and chats with therapists. However, until 
recently only a few studies systematically examined the potential effects of digital 
interventions for GD, thus providing scientific evidence for their value as an effec-
tive and solid treatment option. Most of them created self-directed, web-based inter-
ventions based on motivational interviewing and CBT protocols described in 
existing self-help books [233, 234].

Carlbring and Smit [235] examined the efficacy of a therapist-assisted, 8-week 
Internet-based CBT program with minimal therapist contact via e-mail and weekly 
telephone calls of less than 15 min, relative to a wait-list control condition in a sample 
of 66 pathological gamblers. Participants randomized to the online intervention 
reported significant improvements in gambling problems, anxiety, depression, and 
quality of life, compared to the wait-list group at the posttreatment assessment. 
Treatment effects were sustained in follow-ups at 6, 18, and 36 months, but no medium- 
and long-term between-group comparison at follow-up was possible given that partici-
pants in the waiting list received treatment before the follow-up data collection [236].
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Similarly, Castren et al. [237] delivered an online 8-week CBT program for gam-
blers in Finland, comprising 8 modules containing psychoeducational, motivational, 
and cognitive-behavioral exercises, relapse prevention information and exercises, 
homework assignments, and a maximum of 30 min of weekly telephone support 
provided by 4 trained therapists. The participants could also join online discussion 
groups. Significant decreases in gambling expenditure, gambling-related problems 
and erroneous thoughts, and impaired control over gambling from baseline to post-
treatment were observed. Gambling urges also decreased after the intervention and 
sustained after 6 months.

Fully online supporting materials have also been designed to increase accessibil-
ity to healthcare, such as the brief personalized feedback screener for problem gam-
blers Check Your Gambling (www.checkyourgambling.net [238]). The feedback 
included a summary of gambling severity, gambling-related cognitive distortions, 
and a list of techniques to lower the risk associated with gambling, personalized to 
the participant’s responses to an extensive screening survey. The screening tool was 
further tested compared to a wait-list control with Ontario-based gamblers with 
moderate to severe gambling problems, with or without the addition of normative 
feedback [220]. The study reported mixed results: none of the two interventions 
affected gambling expenditure, with all conditions reporting reduced amount of 
money spent from baseline to the 12-month follow-up, but the personalized feed-
back intervention without norms reported a lower number of days gambled, com-
pared to the normative personalized feedback and the wait-list control. The authors 
concluded that despite the modest positive results, a personalized feedback inter-
vention may have a limited, short-term impact on the severity of problem gambling. 
Further, it shows potential for a wider outreach of the gambling population and for 
motivating gamblers to seek further help online or in person [220]. Noteworthy, in 
the first 15 months the website was active, 1321 tests were recorded, and 78% of 
respondents were screened as severe problem gamblers, indicating that the online 
screener reached the population it had been designed for.

More recently, Luquiens et al. [239] conducted a large-scale randomized clinical 
trial with 1122 non-help-seeking online problem gamblers, in particular poker play-
ers, testing three web-based psychotherapy modalities compared to a wait-list con-
trol condition: (1) personalized normalized feedback on gambling status by e-mail, 
(2) a downloadable self-help book adapted from the six-step CBT program by 
Ladouceur and Lachance [234] with no guidance, and (3) the same CBT program 
e-mailed weekly by a trained psychologist with personalized guidance. The pro-
gram lasted 6  weeks, and the main outcome measure was a change in problem 
gambling severity. At the end of treatment, no significant differences were found 
between any of the groups. Importantly, high dropout rates were observed, particu-
larly in the group receiving the CBT intervention with guidance. The authors con-
cluded that web-based treatment in nontreatment-seeking populations may have 
poor acceptability if it requires a large investment of time and participants have no 
motivation to change their behavior.

Another recent randomized clinical trial tested an online intervention for disor-
dered gambling with a sample of high school students in Italy [240]. Twelve classes 
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were randomized to either an online personalized feedback control group or an 
intervention group that participated in a 3-week online training in addition to the 
same feedback. The extended web intervention included question-and-answer 
games and quizzes, which educated students about gambling activities and concepts 
such as luck and probability, as well as gambling-related characteristics, such as 
prevalence of problem gambling and cognitive distortions. At the 2-month follow-
 up, the intervention group reported significantly fewer gambling problems com-
pared to the control group. However, only participants who were frequent gamblers 
at baseline showed a significant decrease in proxy measures of gambling severity 
such as gambling frequency, expenditure, and attitudes.

Currently, there are multiple ongoing randomized clinical trials testing the effec-
tiveness of a variety of treatment programs for gambling problems delivered via the 
web [83, 117, 241, 242]. Hodgins et al. [242] are evaluating the effectiveness of a 
fully online version (Self-change Tools) of the self-directed CBT program devel-
oped by Hodgins [233], incorporating workbook materials, relapse prevention, and 
motivational interviewing elements, in comparison with the online screener Check 
Your Gambling developed by Cunningham et al. ([241]; both tools are available at 
www.problemgambling.ca). The same research group is also testing the same online 
self-directed CBT program versus an extended version additionally including an 
intervention for anxiety and depression, with a sample of problematic gamblers 
with and without co-occurring mental health problems, disclosing interest in online 
self-help materials [241].

Motivational interviewing interventions for gambling problems have also started 
being adapted to the web [243]. A text-based, online self-directed motivational 
enhancement intervention (iMET) has been implemented based on a previous study 
on brief motivational interventions for problem gamblers [244], with the goal of 
building commitment to change. Participants received a final report with a review of 
their gambling behavior and concerns, gambling severity, motivation and confi-
dence to change, values, decisional matrix, and goals. A randomized clinical trial is 
currently testing the iMET versus the online screener Check Your Gambling. 
Although the study is still ongoing, preliminary results for the first 40 participants 
randomized to the two conditions show, similar to the RCT by Cunningham et al. 
[220], that both groups reported decreases in gambling involvement over the 
3-month follow-up and increases in motivation to change, irrespective of received 
intervention. However, there is a first indication that iMET may positively affect 
gambling severity, as shown by a marginally greater reduction in problem gambling 
severity compared to the group completing the Check Your Gambling online 
screener [243].

Computerized CBM interventions, previously presented in this chapter, are also 
suitable to be administered online, thus showing potential of being a low-cost, low- 
threshold addition to conventional treatments. However, it should be noted that in 
general, CBM has shown to be less effective in online interventions than in a clinical 
setting, presumably because in an online intervention, it is harder to effectively 
change the cognitive bias (which requires focused attention [245]). This pattern can 
also be observed in CBM for addiction [246]. Currently, there is one ongoing study 
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testing the effectiveness of a stand-alone online CBM program targeting selective 
attention and automatic approach tendencies toward gambling cues in a sample of 
Dutch and Belgian problematic and pathological gamblers [83]. The program 
consists of 6 sessions of training, combined with brief automated personalized 
feedback on gambling motives and reasons to quit or reduce gambling at baseline 
and at the start of each training session, similarly to Swan and Hodgins et  al.’s 
studies [243, 244]. Another online study by the same research group is launching 
soon, combining an online CBT program specific for gambling problems with 9 
chat sessions with a therapist and 9 sessions of ApBM in parallel [117].

Despite advancements in the implementation and deployment of online interven-
tions for gambling problems, it should be noted that there is still a paucity of pub-
lished literature about the use of smartphone applications to deliver gambling 
interventions. It is noteworthy to mention, though, that ongoing research and tech-
nological development are focusing on exploiting the benefits of mobile technology 
to provide gamblers with tools to monitor and support their goals of behavioral 
change. For example, the Problem Gambling Institute of Ontario developed and 
published a free online app to help cutting down or quitting gambling, Mobile 
Monitor Your Gambling & Urges (MYGU; http://www.problemgambling.ca/gam-
bling-help/mygu-getmobile/). MYGU promotes self-awareness of gambling behav-
iors, i.e., it gathers information about gambling behaviors, such as money 
expenditure, and reports back to the gambler the date and time of craving episodes 
and their triggers, alternative activities they perform instead of gambling, wins and 
losses when they gambled, and feelings and consequences if they gambled or did 
not gamble. The app also complements counseling sessions and provides informa-
tion to therapists. Another smartphone application has been recently developed and 
preliminarily evaluated by researchers at the University of Auckland [247]. 
SPGETTI (Smartphone-Based Problem Gambling Evaluation and Technology 
Testing Initiative) was designed to support people with a gambling problem who are 
seeing counselors and accessing services to receive “just in time” and “at the right 
place” support, specifically to prevent relapse and remain abstinent from harmful 
gambling on electronic gambling machines.

There is an emerging body of literature demonstrating the promising efficacy of 
online cognitive-behavioral and motivational interventions. However, despite the 
existence of various treatment paradigms, there are only a few methodologically 
sound, empirical studies comparing the differential, long-term efficacy of these ther-
apeutic approaches. Further studies and development efforts, particularly in the field 
of m-Health, are currently exploring new venues of treatment programs and modali-
ties, in terms of their effectiveness comparability, clinical feasibility, and utility.

10.4.3  Virtual Reality Interventions

Virtual reality (VR) technology allows the user to navigate and to interact in real 
time with a virtual three-dimensional environment. VR has mainly been used to 
deliver cue exposure therapy by using a head-mounted display (HMD or helmet), 
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which is a pair of goggles allowing the presentation of images in stereoscopy, com-
bined with audio stimuli and a motion tracker that follows the user’s head — and 
sometimes also eye — movements. VR offers great control over different types of 
stimuli and the rhythm of their presentation and provides the opportunity to conduct 
exposure as well as relapse prevention in various locations (e.g., a bar or casino) that 
could provoke different reactions in the same person. The fact that VR is interactive 
and very similar to real-life situations also adds to the acceptability and ecological 
validity of therapy, thereby lowering the threshold for seeking treatment.

A pilot clinical trial comparing the use of standard imaginal exposure with immer-
sions in a VR bar was conducted with 28 pathological gamblers participating in a 
28-day residential CBT program [248]. The first and the last session of the CBT pro-
gram were modified to include VR.  Results revealed that the first VR immersion 
uncovered significantly more high-risk situations and more dysfunctional thoughts 
than the standard imaginal exposure exercise. In the second session, devoted to relapse 
prevention, immersion in the virtual bar was associated with stronger changes in urges 
to gamble compared with the imaginal exposure condition. Furthermore, changes in 
urges to gamble induced during the relapse prevention session significantly predicted 
patient improvements. No ethical issue or adverse events were reported following the 
use of VR (e.g., inducing too intense craving or cybersickness).

Another study explored the effects of a one-session VR cue exposure paradigm 
for disordered gamblers [249]. Ten participants moved throughout a virtual bar with 
5 video lottery terminals for 5 times. Although the desire to gamble significantly 
increased when participants transitioned from the practice environment to the gam-
bling environment, this study was unable to confirm the process of extinction 
because it consisted of only a single 20-min session. A more recent experimental 
study included 5 sessions of VR exposure and relaxation training with a small sam-
ple of 12 recreational gamblers [250]. All virtual environments with casino-related 
cues triggered subjective gambling urges, albeit with no associated psychophysio-
logical arousal response. Urges to gamble decreased after repeated exposure to two 
main VR cues, playing a casino game and discussing gambling with a colleague, 
while psychophysiological arousal measures did not significantly change across 
sessions.

The investigation of VR for gambling problems is still in its infancy. However, 
despite the preliminary nature of the first experimental studies, alongside the lack of 
control conditions and long-term follow-up assessments, the use of VR seems to be 
a viable and promising medium to safely deliver exposure interventions for addic-
tive behaviors without all the inconveniences of in vivo exposure techniques.

10.4.4  Serious Games for Behavioral Change

The term gamification is widely used to indicate the application of gaming elements 
in nongame contexts to influence behavior, improve motivation, and enhance 
engagement, such as adding progress bars to a website to show how much of your 
profile you have filled in, adding points, badges, leaderboards, peer pressure, quests 
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or missions, social interactions, and more to things that normally would not have 
them. Serious games take this concept one step further: they contain gameplay ele-
ments commonly found in video games and, most importantly, are designed for a 
specific purpose besides mere entertainment.

Currently, there is only one published pilot study looking at the effects of using 
a serious game as a therapeutic intervention for gambling disorder [251]. The 
authors explored the feasibility and effectiveness of a serious game specifically 
designed to treat impulse control disorders like gambling disorder. The overall goal 
of the serious game, PlayMancer, was to train emotion regulation and impulsivity 
control by improving problem-solving and planning skills, as well as control over 
general impulsive behaviors and relaxation skills via three mini-games of increasing 
difficulty. The serious game was incorporated as a complementary therapy tool into 
a CBT program in a male sample of 16 treatment-seeking participants with severe 
gambling disorder. The intervention consisted of 16 weekly group CBT sessions 
and, concurrently, 10 additional 20-min weekly sessions of the serious game. After 
the intervention, significant changes were observed in severity of gambling prob-
lems, several measures of impulsivity, state anxiety, and general psychological dis-
tress. Furthermore, dropout and relapse rates during treatment were similar to those 
described in the CBT literature.

While this is the first semi-experimental study to describe the results of an inter-
vention for gambling problems based on a serious game, the application of gamifi-
cation and serious games for health and behavior change has become more and 
more widespread [229]. The exploitation of gamification techniques and the devel-
opment of serious games as a low-threshold intervention, or as a complement to or 
enhancer of conventional treatments, could prove to be an interesting and innovative 
tool to promote users’ motivation and engagement in behavior change, and a via-
ble training tool, especially when designed to target concrete problems or specific 
skills, such as monitoring gambling expenditure or improving risky decision- 
making and impulse control.

10.5  Innovative Approaches on Existing Treatment

10.5.1  Tailoring

Personalized medicine has been gaining a stronger interest and endorsement in all 
areas of healthcare, including addiction [252]. Inter- and intraindividual heteroge-
neity in the gambling population and different clinical profiles of GD strongly con-
fronts researchers and clinical practitioners with the necessity of shifting treatment 
approaches and methods from a “one-size-fits-all” to a more tailored variety. This 
implies a targeted focus on the patient’s individual, cultural, and environmental 
characteristics and a better selection of treatment strategies to increase positive out-
comes and reduce misdiagnoses and costs.

For example, personalized treatment programs for GD have been recently 
explored that use available research information on problem gambler subtypes to 

10 Innovative Treatment Approaches in Gambling Disorder



216

develop and test novel “matched treatments.” These treatments utilize intervention 
techniques that target each subtype’s unique treatment needs [253]. This work is 
informed by the successes of such matched treatments when applied in other areas 
of addiction treatment. For example, Conrod and colleagues [254, 255] have devel-
oped novel personality-matched interventions for SUD treatment and prevention, 
which involve unique interventions for individuals at risk for SUDs as a function of 
their personality features and associated risky motives for use. In this approach, the 
interventions provided to a sensation seeker (i.e., one who prefers novelty and 
intense stimulation) are quite different from those provided to a hopeless (i.e., 
depression-prone, negative thinking) individual, for example. Relative to a variety 
of controls, in a series of randomized controlled trials, these personality-matched 
treatments have been shown to reduce substance misuse among those with existing 
SUDs and to reduce substance use and delay uptake of substance use in youth when 
used in a school-based prevention context (e.g., [254, 255]).

This type of approach has recently been adapted for use in the problem gambling 
treatment context. Studies have repeatedly shown that there are valid subtypes of 
gamblers that differ in characteristics such as psychiatric comorbidity and their pri-
mary motivations for gambling (e.g., [6, 256]). In particular, at least two distinct 
subtypes have been identified: a subtype that gambles primarily for coping motives 
or to “escape” (i.e., gambling to reduce or avoid negative affective states) and 
another distinct subtype that gambles primarily for enhancement motives or for 
“action” (i.e., gambling to achieve pleasurable states or for stimulation) ([6, 257]; 
see review by Milosevic and  Ledgerwood [7]). Reasoning that interventions for 
problem gamblers could be made more meaningful, efficient, and efficacious by 
developing interventions that are unique to each of these gambler subtypes, Stewart 
and colleagues developed the Brief Escape and Action Treatments for problem gam-
bling (i.e., the BEAT Gambling program [258]). Drawing upon a cognitive- 
behavioral framework, the objective of BEAT Gambling was to expand on traditional 
CBT for problem gamblers [259] by including intervention components that specifi-
cally target psychological factors (e.g., maladaptive beliefs) related to the gambling 
exhibited by each gambler subtype (action vs. escape). This 6-session motivation- 
matched treatment was designed to target the distinct beliefs and behavioral patterns 
that impede control of gambling behavior that are characteristic of each subtype of 
problem gambler. Problem gamblers of each subtype are taught to identify and chal-
lenge their unique thinking errors and to engage in distinct behavioral strategies as 
means of overcoming their problem gambling. For example, escape gamblers are 
trained in more adaptive means of relieving distress, whereas action gamblers are 
trained in less risky means of achieving excitement and stimulation.

Stewart and colleagues recently published a case series that was designed as a 
preliminary assessment of the effectiveness of this novel, motivation-matched treat-
ment for problem gambling [260]. On the basis of their primary underlying motiva-
tions for gambling (as assessed with the Gambling Motives Questionnaire [261]), 
6  problem gamblers received either a 6-session escape-motivated (n  =  2) or a 
6- session action-motivated (n = 4) treatment from the manualized BEAT gambling 
intervention. Assessments were conducted at baseline, immediate posttreatment, 
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and at 3- and 6-month follow-ups. Primary outcome measures included gambling 
involvement (i.e., gambling frequency, and time and money spent gambling), prob-
lem gambling severity, and gambling-related disability. The secondary outcome 
measures included gambling abstinence self-efficacy, craving to gamble, high-risk 
gambling situations, and gambling expectancies. Overall, these pilot participants 
showed significant improvements from pre- to posttreatment on most of these mea-
sures, with relatively less immediate posttreatment gains seen on measures that 
assessed excessive gambling in specific high-risk situations (i.e., positive situations 
for action gamblers, negative situations for escape gamblers) and gambling-related 
disability. However, treatment gains were observed for most participants on these 
latter measures by the follow-ups [260]. The next step was to conduct a randomized 
controlled trial to compare the efficacy of the motivation-matched treatment with 
treatment as usual. Preliminary results regarding short-term outcomes show that, 
relative to treatment as usual in the community, the BEAT gambling treatment 
showed statistically superior outcomes on several outcome variables: reduction in 
gambling frequency, improvement in readiness to change, reduction in gambling 
craving, and improvements in severity of gambling problems. The matched treat-
ment also showed superior retention relative to treatment as usual suggesting that 
the BEAT gambling treatment may be more engaging to problem gambling clients 
(possibly due to these interventions being very relevant to their unique treatment 
needs), resulting in an increased willingness to remain in treatment (see [262]). The 
results from this case series and preliminary outcomes from the RCT certainly sug-
gest promise for this novel treatment approach.

The large variety of gambling games and the differences in the legalization and 
normative regulation of gambling practices among countries bring to the table 
another level of heterogeneity at the macro level: culture (please also see Chap. 13). 
Distinctive types of gambling activities, games, design, and locations play a role in 
shaping gambling behavior and preferences: for example, gambling games and 
practices in the Netherlands are different than those in Canada, resulting in Dutch 
and Canadian gamblers becoming highly familiar with the gambling instances 
available and common in their environment. This element is of particular impor-
tance for training programs aimed at reducing maladaptive reward-related associa-
tive processes toward gambling, such as CBM interventions.

As mentioned earlier, the first set of studies examining gambling-related approach 
bias attempted to validate a new gambling AAT task by evaluating its correlates 
cross-culturally in the Netherlands and Canada [100, 101]. Results for Dutch gam-
blers revealed the hypothesized gambling approach bias only among problem gam-
blers [101], compared to non-problem gamblers. Unexpectedly, Canadian gamblers 
appeared to show an avoidance bias, rather than an approach bias, toward the gam-
bling stimuli, and approach bias showed a significant negative (rather than positive) 
correlation with gambling severity [100].

A potential explanation for what may at first look like an important cross-cultural 
difference is that these discrepancies may be due to the pictures used for the Canadian 
version of the gambling AAT. The Canadian researchers were not granted access to 
local casinos and play halls to create relevant stimuli for their gambling AAT and 
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thus opted to use the original Dutch gambling stimuli or to process using Photoshop 
any  Dutch stimuli that were deemed to be not cross-culturally appropriate. The 
observed differences may be the result of an effect akin to “the uncanny valley effect,” 
in which subtle imperfections in the visual familiarity of a specific object, in this case 
the gambling stimuli, result in an aversion toward that specific object or stimuli 
[263]. Perhaps the Dutch gambling stimuli were close but not close enough to what 
Canadian gamblers typically see when they gamble, and this close but not perfect 
appearance put Canadian gamblers in a situation similar to the “uncanny valley” orig-
inally  evidenced in the domain of  humanoid  robotics design [264],  generat-
ing  an  associated aversion toward the gambling stimuli. Presumably, these subtle 
discrepancies would be most evident to the problem gamblers with a greater history 
of gambling exposure, leading to a stronger “uncanny valley” and associated aver-
sion bias to Dutch and photoshopped gambling stimuli among the Canadian problem 
gamblers [100]. To confirm such a culture-based effect, the study is currently being 
repeated with new, localized pictures for the Canadian gambling AAT that are more 
culturally appropriate to the Canadian gambling context.

Salmon et al. [100] is not the first study to observe aversion to addiction-relevant 
stimuli when adapting a computerized implicit association task across cultures. 
Specifically, Larsen et al. [264] examined approach bias differences between Dutch 
and American teenagers toward smoking stimuli. The study used smoking and con-
trol stimuli that were validated among American but not Dutch teenagers. Dutch 
teens exhibited an avoidance bias toward smoking and control stimuli while American 
teens did not. While this could represent a cross-cultural difference, it is possible that 
this difference may have resulted from an “uncanny valley” effect  – an aversion 
toward the stimuli, which were familiar but not quite right to the Dutch adolescents.

Given emerging work on the utility of implicit association-type tasks in the gam-
bling research area (e.g., [123, 125]), these early results highlight the importance of 
using culturally appropriate stimuli in implicit cognition studies. An appropriate 
selection of stimuli representing common gambling activities in the local partici-
pants’ context would also allow for a more refined matching of relevant stimuli to 
the individual gambling preferences.

10.5.2  Mindfulness

In the last decade, a new group of treatment approaches has emerged, combining 
CBT techniques with Buddhist principles. This group of interventions is part of a 
body of newly developed methods which is commonly referred to as the “third 
wave” of cognitive-behavioral interventions [265]. While traditional CBT focuses 
on controlling and modifying cognitions, third-wave approaches focus on mecha-
nisms of awareness and acceptance of and re-distancing from cognitions [266]. 
Moreover, these approaches offer a new perspective on different psychopathologies, 
such as addiction, and add new techniques based on meditation and Buddhist phi-
losophy  [267]. Within the group of third-wave approaches, mindfulness-based 
interventions (MBI) take a prominent place.
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Mindfulness has been defined as “the process of observing body and mind inten-
tionally, of letting […] experiences unfold from moment to moment and accepting 
them as they are” [268]. It is both a trait and a process, a form of meditation [269]. 
MBI encompass a spectrum of interventions, including mindfulness-based relapse 
prevention, mindfulness-based cognitive therapy, dialectical behavior therapy, and 
acceptance and commitment therapy [270]. Since a review of these individual inter-
ventions is beyond the scope of this chapter, we will refer to them collectively.

MBI have been employed in the treatment of, among others, mood and anxiety 
disorders and seem especially effective as an adjunct to regular treatment and in 
patients who respond poorly to previous treatments [271]. MBI have also been used in 
substance and behavioral addictions, showing some promising preliminary results 
such as reduced substance use and increased positive psychosocial outcomes 
[266, 272, 273]. Inspired by these results, interest has grown in the applicability of 
MBI in the treatment of problem gambling. This interest is further fueled by the high 
relapse rates and large numbers of treatment nonresponders in the disordered gambling 
population [269]. In further support of the potential of MBI in problem gambling, trait 
mindfulness has been found to be inversely related to problem gambling, gambling 
severity, gambling cue reactivity and urge, and psychological distress [274–277]. 
Interestingly, there is some evidence that this relation might be mediated by impulsiv-
ity [274], rumination, emotion dysregulation, and thought suppression [275].

A number of case studies have provided initial, preliminary insights into the 
effectiveness of MBI in the treatment of gambling problems [270, 278, 279]. These 
studies used MBI combined with CBT in patients who did not respond to previous 
usual treatment. Results indicate that MBI could increase trait mindfulness, reduce 
craving, and decrease anxious and depressive symptomatology, decrease problem 
gambling severity, help gamblers reach abstinence, and improve re-distancing from 
obtrusive thoughts [270, 278, 279]. These results were maintained up to 3 months 
after treatment [278], but only when patients continued practicing mindfulness after 
treatment ended [270]. However, due to the nonexperimental nature of case studies, 
these results should be interpreted with caution.

A few initial clinical studies have explored systematically the effects of MBI in 
disordered gambling [280–283]. These studies have generally included a small 
number of inpatients not responding to previous treatments and employed different 
types of MBI, most commonly dialectical behavioral therapy or mindfulness- based 
cognitive therapy. Despite not evaluating effects on gambling severity, one study 
found that MBI improved trait mindfulness in the short term [283]. Another study 
confirmed MBI to increase trait mindfulness in problem gamblers and found that 
83% of participants were abstinent or had reduced gambling after treatment [281]. 
However, both studies did not include a control group and had moderately high 
dropout rates. When employing a group-controlled experimental design, MBI was 
shown to reduce severity of gambling, gambling urges, and psychiatric symptoms 
directly after treatment and with sustained effects after 3 months [282]. This study 
also found that those participants who continued to practice mindfulness after treat-
ment had better clinical outcomes. The latter results are in line with findings from 
an earlier study, in which MBI in problem gamblers resulted in reduced 
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psychopathological symptoms 14 weeks after treatment, compared to treatment as 
usual [280]. Some of the methodological limitations of these studies, mainly due to 
small sample size and the lack of proper control comparisons, still prevent us from 
drawing any firm conclusion, and results should thus be interpreted with caution.

Altogether, MBI have shown several beneficial advantages when used as an 
alternative or adjunct treatment of gambling problems, especially with patients who 
respond poorly to usual treatment. This claim is supported by the inverse relation 
between trait mindfulness and gambling severity as well as preliminary findings on 
the effectiveness of MBI in the treatment of gambling disorder. Interestingly, the 
inverse relationship between trait mindfulness and, for example, impulsivity, can 
help explain the underlying working mechanisms of MBI within the framework of 
dual-process theories [274]. What sets MBI apart from standard treatment programs 
such as CBT is the focus on changing the individuals’ relation to their cognition 
instead of changing the cognition itself [284]. Considering the role of rumination, 
obtrusive irrational beliefs, and cognitive distortions in the development and main-
tenance of disordered gambling [279], MBI may offer a new way of dealing with 
these beliefs and cognitions. Finally, MBI can effectively be administered online, 
meeting the need for more accessible, low-threshold, and cost-efficient treatment 
programs [285].

10.6  Conclusion

In this chapter, we explored a number of innovative approaches for the treatment of 
GD. Although the resulting assemblage is arguably quite diverse, there is a common 
denominator: they expand upon existing interventions by trying to fill in current 
voids and by extending the reach of existing treatments. They achieve this by explor-
ing new media and techniques, providing new routes for caregivers to reach patients 
and vice versa, building upon new psychological and neurobiological insights, 
thereby increasing intervention effectiveness and suitability, and by translating scien-
tific knowledge into practical solutions at the individual level. More importantly, they 
force us to reconsider the very way we understand and treat GD. In light of this, it 
may come as no surprise that none of the interventions discussed in this chapter 
should be considered alone as the answer to GD. They should rather be perceived as 
different but complementary modules sharing a common ambition. For clinical prac-
tice, this means that the true innovation in the treatment of GD would be an integra-
tive approach, building upon existing knowledge, harnessing the power of new 
techniques and technologies, and tailoring interventions to meet individual needs.
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11Similarities and Differences between 
Gambling Disorder and other  
Addiction-like Behaviors

Mira Fauth-Bühler

11.1  Introduction

Common behaviors such as shopping, food intake, sexual activities, gambling and 
Internet use may become maladaptive due to the high frequency or intensity at which 
they are performed. These activities have in common that they are viewed as pleasur-
able by most individuals. However, when these behaviors are conducted in excess and 
the ability to control the behavior is limited, these otherwise “normal” behaviors can 
cause deleterious consequences on the psychological, social and even somatic level.

A central characteristic of behavioral addictions is the failure to resist an 
impulse, drive or temptation to perform an act that is harmful to the person or to 
others [1]. Behavioral addictions are characterized by a recurrent pattern of behav-
ior within a specific domain. The repetitive engagement in these behaviors ulti-
mately interferes with functioning in other domains [2]. Unlike substance-related 
addictions, no chemical or substance intake is involved in behavioral addictions, 
although the behaviors conducted in excess may lead to withdrawal symptoms 
such as irritability and increased anxiety levels, resembling those of substance-
related addictions (e.g., [3]).

The classification of gambling disorder as the first non-substance-related behav-
ioral addiction in the Diagnostic and Statistical Manual of Mental Disorders, Fifth 
Edition (DSM-5 [1]), in the International Classification of Diseases (ICD-10 [4]) 
referred to by the term pathological gambling, has initiated a discussion on whether 
other behaviors conducted excessively can also be considered as “behavioral 
addictions.” Phenomenological considerations reveal that substance- related and 
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non-substance-related addictions are strikingly similar. Both are characterized by 
feelings of “tension or arousal before committing the act” and “pleasure, gratifica-
tion or relief at the time of committing the act” [5]. The ego- syntonic nature of these 
behaviors may weaken over time, as the behavior (including substance taking) itself 
becomes less pleasurable and more of a habit or compulsion and is more motivated 
by negative reinforcement (e.g., relief of dysphoria or withdrawal) rather than by 
positive reinforcement (positive feelings, rewarding effects) [6].

For an informed decision, similarities and differences in several domains such as 
diagnostics, comorbidity, cognitive dysfunction and more importantly neurobio-
logical processes need to be compared between gambling disorder and other poten-
tial behavioral addictions candidates. For more detailed information on the 
neurobiology of gambling disorder and substance use disorders, please refer to our 
relevant reviews (e.g., [7, 8]). In the following, we focus on excessive behaviors for 
which at least some scientific evidence exist for the relevant categories listed above. 
These are Internet gaming disorder, compulsive buying disorder and compulsive 
sexual disorder.

11.2  Similarities and Differences with Internet Gaming 
Disorder

11.2.1  Diagnostic Criteria and Clinical Characteristics

Users can show addiction-like behaviors when it comes to different forms or con-
tents of the Internet such as gaming, use of social media, use of pornographic sites, 
gambling, etc. Internet gaming disorder is currently the best-studied domain and 
therefore the focus of this section. Internet gaming disorder is not yet a formal dis-
order in common diagnostic systems (Diagnostic and Statistical Manual of Mental 

A 22-year-old first-generation South Korean male with past psychiatric history 
of major depression with anxious features presented to the mental health clinic 
because his compulsive video game use had progressively interfered with his 
interpersonal relationships and motivation to work. He began playing video 
games at age 6 in the context of physically and verbally abusive parenting.

Within a week of going to college, he became engrossed with the Internet 
gaming culture and played online video games 10 h daily while maintaining 
minimal grades in order to pass his classes. He spent the subsequent 2½ years 
withdrawing from classes he could not complete as a result of his gaming 
habit. During his second year of college, he moved into an apartment with 
other gaming colleagues and was playing 14 h daily of online video games, 
such as first-person shooters and role-playing games (source: http://www.
ncbi.nlm.nih.gov/pmc/articles/PMC4553653/).
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Disorders (DSM-5 [1]); International Classification of Diseases (ICD-10 [4])) due 
to limited available data. However, Internet gaming disorder is categorized as “con-
dition for further study” in sect. III of the DSM-5 [1] highlighting the need for more 
scientific evidence before a decision regarding its classification can be made. In the 
latest revision of the ICD (ICD-11), gaming disorder has been added to the section 
on addictive disorders, initiating a discussion on the pros and cons of this potentially 
premature classification.

Diagnostic criteria for Internet gaming disorder share similarities with those out-
lined for gambling disorder, the first officially recognized behavioral addiction. 
These criteria include preoccupation or obsession with Internet games, withdrawal 
symptoms, tolerance, unsuccessful attempts to stop or control playing Internet 
games, loss of interest in other life activities, continued use despite negative conse-
quences, lying about the extent of the problem and playing Internet games as a way 
to relieve anxiety or guilt.

Sociodemographic characteristics of addicted Internet users are male gender, 
younger age and higher family income [9].

Sociodemographic characteristics of Internet gaming disorder resemble those 
reported for individuals with disordered gambling. The majority of subjects with 
gambling disorder are male, and the disease onset is at a younger age [10].

11.2.2  Comorbidities and Family History

It is worth noting that comorbidities appear to be the norm, rather than the exception 
for individuals with excessive Internet use. Comorbid psychiatric disorders most 
frequently reported are depression, anxiety, attention deficit hyperactivity disorder 
and other substance use disorders [11]. Comorbid substance use disorders have also 
been found by other studies (e.g., [12, 13]). Black et al. [12] found that 38% of 
problematic computer users in their sample had a substance use disorder in addition 
to their behavioral problems/addiction. In a patient sample of 1826 individuals who 
were treated for substance addictions (mainly cannabis addiction), 4.1% were found 
to suffer from Internet addiction [13].

Thus, research findings indicate that individuals who suffer from Internet addic-
tion have a higher likelihood to experience other addictions at the same time. This is 
in accordance with data from subjects with gambling disorder. Gambling disorder 
also shares commonalities with substance use disorders when looking into the preva-
lence of comorbid psychiatric conditions. Data from two large epidemiological sur-
veys in the United States, the National Epidemiologic Survey on Alcohol and Related 
Conditions (NESARC [10]) and the National Comorbidity Survey Replication 
(NCS-R [14]), found the highest prevalence rates for substance use disorders, in 
particular nicotine dependence followed by alcohol use disorders. The second high-
est prevalence rates were observed for mood disorders. Own data in a large group of 
pathological gamblers in treatment support these findings: 88% of the gamblers had 
a comorbid diagnosis of substance dependence. We found the highest Axis I comor-
bidity rates for nicotine dependence (80%), followed by alcohol dependence (28%). 
First-degree family members of pathological gamblers were also more likely to 
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suffer from substance dependence, in particular alcohol dependence, pathological 
gambling and suicide attempts [15].

11.2.3  Brain Functions

In order to come up with an informed decision, phenomenological similarity is 
appealing but not sufficient to classify two psychiatry conditions as addictive disor-
ders. Similar underlying neurobiological mechanisms need to be present that indi-
cate a neurobiological resemblance between diseases.

Therefore, the following section focuses in particular on relevant domains of addic-
tion research, including impulsivity, and reward processing. We compare these findings 
to similar findings from research on gambling disorder and pathological gambling 
respectively. A more detailed overview of the research available on neurobiological 
correlates of Internet gaming disorder and similarities to pathological gambling can be 
found in a recent review [16].

11.2.3.1  Impulsivity
An early definition considers impulsivity as a behavior that is disinhibited to the 
degree that it is poorly conceived, premature, unduly risky and inappropriate to the 
context and likely has adverse consequences [17]. Different forms of impulsivity 
can be distinguished: While impulsive actions refer to the inability to inhibit inap-
propriate motor behavior, impulsive choice behavior is characterized by suboptimal 
decision-making, such as choosing immediate but less favourable rewards instead 
of more-favourable reward options in the long term. Alteration in fronto-striatal 
networks has been associated with impulsive behaviors [18].

Regarding impulsive actions, studies that assessed behavioral measures of 
response-inhibition abilities did not find any differences between Internet gaming 
disorder patients and controls (e.g., [19, 20]). These results are in line with findings 
for problem gamblers [21]. Neuroimaging studies suggest that altered functioning 
of a certain brain region, namely, the prefrontal cortex, may play a central role 
during response inhibition in both Internet gaming disorder patients and problem/
pathological gamblers [19, 20, 21]. This brain region has previously been involved 
in behavioral- control- related actions, including motor-response inhibition [16].

Impairments to risk-evaluation capacity and elevated impulsive choice behavior 
have both been observed in both patient groups (see [16] for a summary). Both Internet 
gaming disorder patients and subjects with gambling disorder have been found to 
exhibit impairments in decision-making especially in situations when the evaluation 
of risk is involved. Further research is needed to investigate the reasons underlying the 
observed differences in brain-activity patterns between subjects with gambling disor-
der and Internet gaming disorder patients during decision-making in risky situations.

11.2.3.2  Reward
Reward sensitivity can be defined as increased physiological, emotional and cogni-
tive reactivity to the prospect of obtaining tangible incentive objects as well as 
increased behavioral responsiveness to tangible incentive objects. Punishment sen-
sitivity refers to the opposite: how strongly the individual reacts to aversive stimuli.
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The brain structures grouped together under the term “mesocorticolimbic reward 
system” have been implicated in motivated behavior, processing of reward and pun-
ishment as well as reinforcement learning [22]. The striatum is considered a central 
node in a distributed network of highly interconnected subcortical and cortical brain 
structures, such as prefrontal cortex, amygdala, hippocampus and the ventral teg-
mental area of the midbrain [23].

Increased activity in the reward system of the brain can be observed in patients 
suffering from Internet gaming disorder when confronted with gaming-related stim-
uli. This finding suggests that increased incentive salience of gaming cues might 
underlie Internet gaming disorder patients’ excessive gaming and urges to engage in 
online games. Comparable results have been reported for subjects with gambling 
disorder: the salience of stimuli associated with gambling is increased, and the func-
tioning of the reward system is altered in gamblers compared to brain activation of 
healthy controls without gambling problems.

In addition, Internet gaming disorder is characterized by enhanced reward sensi-
tivity and decreased loss sensitivity. Reward and punishment sensitivity have been 
demonstrated to be altered for monetary reward. It remains unclear whether this 
finding holds for other types of reward, such as primary rewards (e.g., food-related 
stimuli, sexual cues, etc.). Additionally, monetary reward processing has been 
shown to be altered in gambling disorder. Two neuroimaging studies found deacti-
vation in the ventral striatum and ventral putamen during loss events in gamblers 
compared to controls, suggesting decreased loss sensitivity to also be a hallmark of 
gambling disorder. Due to heterogeneous findings, more research is needed to better 
understand reward sensitivity in both gamblers and gamers.

11.3  Similarities and Differences with Compulsive Buying 
Disorder

11.3.1  Diagnostic Criteria and Clinical Characteristics

Key features of compulsive buying are repetitive, irresistible and overpowering urges 
to purchase goods. In general, the goods are inexpensive and useless [24]. For a diag-
nosis severe distress or interference in social, financial and occupational domains need 

Ms. A says shopping is her primary social activity and entertainment. Though 
she works full time, she shops three or more times a week, cruising expensive 
department stores and discount outlets on evenings and weekends. She buys 
clothing, shoes, makeup, jewellery, antiques, household electronics and other 
items. She says her shopping is spontaneous and impulsive. Shopping gives 
her an emotional “rush” that is frequently followed by periods of guilt, and 
she often returns or gives away purchased items. She is disappointed at her 
inability to control her shopping behavior and ashamed of the financial crises 
she has caused (source: http://www.currentpsychiatry.com/home/article/
compulsive- shopping-when-spending-begins-to-consume-the-consumer/674
ab9a0d6ce256ffdb3f1ec6087d188.html).
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to be present. Similarities between compulsive buying and gambling disorder exist 
in several diagnostic criteria. For example, an overpowering urge to buy, the repetitive 
loss of control over spending and the negative emotional state that emerges when not 
buying correspond to craving, drug-seeking behavior, loss of drug-taking behavior and 
withdrawal symptoms in gambling disorder. Accordingly, feeling “high” have been 
reported from both patients with compulsive buying while performing the buying act 
and subjects with gambling disorder while betting. As in gambling disorder positive 
reinforcement plays a role at the beginning of compulsive buying, while negative rein-
forcement is involved in the long-term maintenance of the behavior [25].

While most subjects with gambling disorder in treatment are male, the majority 
of compulsive buyers in treatment studies are female (~80%; [26]). Although some 
epidemiological data suggest somewhat lower numbers, subjects with gambling 
disorder and compulsive buyers differ in gender; namely, that subjects with 
gambling disorder are to their majority male.

11.3.2  Comorbidities and Family History

Patients suffering from compulsive buying often reveal other psychiatric comorbidi-
ties similar to gambling disorder [27]. Psychiatric comorbidities that are most fre-
quently observed are anxiety disorders, substance use disorders, eating disorders 
and disorders of impulse control. Also commonly observed are Axis II disorders. 
This points to another similarity with gambling disorder [10, 14].

First-degree relatives of compulsive buyers were more likely to suffer from 
depression, alcoholism and drug use disorders than comparison relatives [26, 28]. A 
similar finding has been reported for pathological gambling [29]: Dannon and col-
leagues reported higher prevalence of alcohol, substance abuse, problematic gam-
bling, depression and anxiety disorders in the pathological gamblers and their 
first-degree relatives than in the control group.

A direct relationship between compulsive buying and gambling disorder has 
been provided by the Iowa pathological gambling family study [30]. Results indi-
cate that compulsive buying disorder were more frequent in the pathological gam-
blers and their first-degree relatives versus controls and their relatives.

11.3.3  Brain Function

Only a few studies exist so far that have focused on the neurobiological underpinnings 
of compulsive buying such as impulsivity as well as reward and punishment processing. 
In the following section, we will summarize research findings available on that topic.

11.3.3.1  Impulsivity
Neurocognitive assessment revealed deficits in response inhibition and risk adjust-
ment in nontreatment-seeking compulsive buyers versus controls [31]. More 
research on different facets of impulsivity is needed for a clearer picture in compul-
sive buyers.
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11.3.3.2  Reward and Punishment Sensitivity
The neural correlates of compulsive buying were studied using neuroimaging [32], 
and preliminary findings in a small group of compulsive buyers versus healthy con-
trols revealed increased activity in the ventral striatum in compulsive buyers during 
the presentation of purchasable products. Decreased activation of the insula was 
found in the compulsive compared to normal buyers during the presentation of 
product and price. These results suggest that altered reward processing of the meso-
limbic reward system may underlie compulsive buying. Future neuroimaging stud-
ies in larger samples are needed for a better insight in altered reward processes in 
compulsive buyers.

First results indicate that compulsive buyers show impairments in several cogni-
tive domains similar to those found in subjects with gambling disorder supporting a 
likely neurobiological overlap between compulsive buying and gambling disorder. 
However, future neuroimaging studies in larger samples are needed for an informed 
decision.

11.4  Similarities and Differences with Compulsive Sexual 
Behavior

11.4.1  Diagnostic Criteria and Clinical Characteristics

Compulsive sexual behavior is a relatively common disorder that has significant 
personal and public health ramifications. Compulsive sexual behavior can be found 
under various synonyms in the literature such as hypersexuality, sex addiction or 
excessive sexuality. The key characteristics are repetitive and intense preoccupa-
tions with sexual fantasies, urges and behaviors that are distressing to the individual 
and/or result in psychosocial impairment [33].

Two categories within compulsive sexual behaviors can be distinguished: paraphilic 
and nonparaphilic compulsive sexual behaviors [34]. Paraphilic behaviors refers to 
socially unacceptable sexual behavior involving nonhuman objects and suffering of 

A 50-year-old married business executive neglected sales calls when out of 
town and visited massage parlors and prostitutes, despite knowledge that he 
was risking HIV infection. He was once an effective salesman, but his work 
performance suffered because of his sexual pursuits. He took alternative 
routes on trips in an effort to avoid massage parlors, but he was unable to 
control his urge to visit these establishments. His wife learned about his sex-
ual activities when he was arrested for soliciting sex from an undercover 
policewoman posing as a prostitute. At that point, his marriage was in jeop-
ardy, his children and friends shocked and his job future uncertain (source: 
http://www.jenniferschneider.com/articles/recognize.html).
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one’s self or a partner, children or a non-consenting person (e.g., fetishism, exhibition-
ism and paedophilia) [1]. Nonparaphilic behaviors relates to more socially accepted 
sexual behaviors that are conducted in excess. Behaviors subsumed under this category 
include compulsive sexual acts with multiple partners, constant fixation on a partner 
that may be considered unobtainable, compulsive masturbation, compulsive use of por-
nography and compulsive sex and sexual acts within a consensual relationship [35].

In the revision process of the DSM-5, diagnostic criteria have been proposed for 
nonparaphilic compulsive sexual behaviors. These criteria leaned on the existing cri-
teria used for addictive disorders [36]. However, nonparaphilic compulsive sexual 
behaviors have been excluded from the DSM-5, and the issue of how to conceptual-
ize compulsive sexual behaviors is still a matter of debate (e.g., [37]). In addition to 
the proposed diagnostic criteria, another similarity exists with respect to gambling 
disorder which is the gender distribution: The majority of patients with compulsive 
sexual behaviors seeking help are male as are subjects with gambling disorder [38].

11.4.2  Comorbidities and Family History

Comparing comorbidities reported in patients suffering from gambling disorder with 
those diagnosed with compulsive sexual behavior a significant overlap exist (see, e.g., 
review by [39]). High rates of affective disorders, in particular major depression (life-
time: 58%), anxiety disorders (lifetime: 96%) as well as substance use disorders have 
been found (lifetime: 71%) [40]. In addition, other behavioral addictions are more 
prominent among individuals suffering from compulsive sexual behaviors such as 
gambling disorder (4–11%) and compulsive buying (13–26%) [41].

In terms of family history, substance abuse is common in the relatives of indi-
viduals with compulsive sexual behavior. In a survey of 76 individuals in treatment, 
40% of the patients reported at least one substance-dependent parent, 36% of the 
patients reported at least one sexually addicted parent, 30% had a parent with an 
eating disorder and 7% reported having at least one parent with excessive gambling 
[42]. Only 13% of individuals with compulsive sexual behavior had a family mem-
ber without any addictions [43].

11.4.3  Brain Functions

Only a few neuroimaging studies have assessed the neurobiological underpinnings of 
compulsive sexual behavior. Of particular interest is the comparison of altered acti-
vation in brain networks of patients suffering from compulsive sexual behaviors with 
those involved in substance abuse and other behavioral addictions [35]. A cue- 
reactivity study that presented sexually explicit videos and nonsexual exciting videos 
found increased activation in the corticostriatal-limbic circuitry including ventral 
striatum, amygdala and dorsal anterior cingulate in individuals with compulsive sex-
ual behavior relative to controls [44]. These regions overlap with those found to be 
activated in addictive disorders including gambling disorder [21, 45, 46].
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In addition, an increased association between subjective sexual desire (wanting) 
and functional connectivity of the dorsal anterior cingulate-ventral striatum- 
amygdala network was found in participants with compulsive sexual behavior rela-
tive to those without (REF). Reward processing seems to be altered in compulsive 
sexual behavior comparable to gambling disorder. As in gambling disorder, later 
stages of the disorders are linked to increased wanting and decreased liking of the 
particular behavior consistent with theories of incentive motivation of drug addic-
tion [47]. However, only limited evidence is available at present, and more studies 
are needed to support this conclusion.

11.5  Summary and Conclusion

Gambling disorder, also referred to as pathological gambling in ICD-10 [4], is the 
only behavioral addiction so far officially recognized in the new DSM-5 [1]. In 
recent years, research on gambling disorder including neurobiological characteris-
tics has increased. When it comes to scientific studies that focus on other excessive 
behaviors that might show addictive characteristics such as compulsive Internet 
use, compulsive buying or sexual behaviors, the picture is different, with very few 
research studies on these psychiatric conditions. Most evidence is available for 
Internet gaming disorder. Yet not much is known whether other activities con-
ducted using the Internet can also become addictive such as the use of social net-
works. In particular, more studies on the neurobiological basis of these activities 
are warranted for an informed decision regarding their classification as an addic-
tive disorder. The identification of similar underlying neurobiological mechanisms 
would allow drawing the conclusion that those psychiatric diseases are related.

Research conducted so far suggest numerous similarities between gambling 
disorder and potential candidates such as Internet gaming disorder, compulsive buy-
ing disorder and compulsive sexual behavior (for a comparison see Table  11.1). 
What hinders a definite answer regarding the question which diagnostic category 
would be most appropriate for Internet gaming disorder, compulsive buying disor-
der and compulsive sexual behavior is not the lack of similarities but rather the 
scarceness of neurobiological studies in the field. More studies in larger samples are 
needed in order to replicate and extend existing findings. In particular, data from 
computational modeling and molecular studies in addition to neuroimaging work 
will help in the future to clear the picture. We might even get rid of the question: 
“Which category is most appropriate”, following the ideas of the Research Domain 
Criteria (RDoC) launched by the National Institute of Mental Health (https://www.
nimh.nih.gov/research-priorities/rdoc/index.shtml)? The central aim of this project 
is to transform diagnosis by incorporating genetics, imaging, cognitive science and 
biology to lay the foundation for a new classification system. Psychiatric conditions 
are characterized in a dimensional way by grouping them based on specific charac-
teristics (i.e., domains) such as cognition, emotion or behavior. Sticking to the ter-
minology of the research domain criteria, the central question would be whether 
compulsive buying, compulsive sexual behavior and Internet gaming disorders 
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show similar alterations in certain neurobiological areas such as reward processing 
and impulse control.

Irrespective of the approach followed, be it diagnostic classification in line with 
the traditional classification systems or the proposed specification according to 
research domains criteria, it is inevitable to consider neurobiological characteristics 
(genetics, molecular, cellular and systems neuroscience including brain functions) 
in addition to clinical observations, diagnostics, comorbidities and family history 
and treatment response.

In summary, research on behavioral addictions remains scant and data are 
particularly sparse for compulsive buying disorder and compulsive sexual 
behaviors. However, available studies provide first evidence of similarities 
between gambling disorder and compulsive buying disorder, compulsive sexual 
behavior and Internet gaming disorder in different domains including diagnos-
tics, comorbidities, family history, cognitive features and neurobiological mech-
anisms, in particular in relation to reward processing and impulse control.

Table 11.1 Comparison of different domains between gambling disorder and other potential 
behavioral addictions

Gambling 
disorder

Internet gaming 
disorder

Compulsive 
buying disorder

Compulsive 
sexual behavior

Diagnostic 
criteria

Great overlap 
with criteria for 
substance use 
disorder

Great overlap 
with criteria for 
substance use 
disorder

Great overlap 
with criteria for 
substance use 
disorder

Great overlap 
with criteria for 
substance use 
disorder

Gender More male More male More female More male
Main 
comorbidities 
(Axis I)

Substance use 
disorders, 
depression, 
anxiety disorders

Substance use 
disorders, 
depression, 
anxiety disorders, 
attention deficit 
hyperactivity 
disorder

Anxiety 
disorders, 
substance use 
disorders, eating 
disorders, 
disorders of 
impulse control

Depression, 
anxiety 
disorders, 
substance use 
disorders, 
compulsive 
buying, gambling 
disorder

Main family 
history of 
psychiatric 
disorders

Substance use 
disorders, 
depression, 
anxiety 
disorders, 
gambling 
disorder, 
compulsive 
buying

Not known Depression, 
substance use 
disorders, 
gambling 
disorder

Substance use 
disorders, 
compulsive 
sexual behavior, 
gambling 
disorder, eating 
disorder

Altered 
impulsivity

Yes Yes Yes Yes

Altered reward 
processing

Yes Yes Yes Yes
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12Gambling Disorder and Substance- 
Related Disorders: Similarities 
and Differences

Anna E. Goudriaan, Wim van den Brink,  
and Ruth J. van Holst

12.1  Introduction

Since 2013, gambling disorder (GD) has been classified as the first behavioral 
addiction under the category of Substance-Related and Addictive Disorders in 
DSM-5 [1]. This is an important step because it implies that other so-called behav-
ioural addictions such as Internet gaming disorder, which is currently included in an 
appendix in the DSM-5, could also be classified in this category. The reasons for the 
move of pathological gambling (PG) as one of the impulse control disorders in 
DSM-IV to GD as behavioral addiction in DSM-5 are based on the fact that GD is 
much more than just an impulse control disorder and the many similarities between 
GD- and substance-related addictions. These include similarities in symptom pro-
file, in etiological factors like neurobiology, and similarities in the effectiveness of 
certain psychological and pharmacological treatments. In this chapter, similarities 
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and dissimilarities are discussed, and a framework for future interventions targeting 
working mechanisms is proposed.

First, we will discuss the symptoms of GD and the changes in the DSM classifi-
cation of gambling disorder over time. This will be followed by a discussion on the 
etiological model for disordered gambling. A detailed account is given for underly-
ing neurobiological and personality factors that predispose for and influence the 
development and course of disordered gambling. Differences in the characteristics 
of GD versus SUDs give rise to the question whether these differences play a role in 
specific vulnerabilities for disordered gambling and whether they affect the use of 
treatments currently applied in SUDs.

12.2  Symptoms in Gambling Disorders and Substance Use 
Disorders: Evolving Concepts

When we compare the symptoms of GD and SUDs, we can see a large overlap in the 
DSM criteria in both the current (DSM-5) and previous versions of the DSM, espe-
cially since the introduction of DSM-III-R (see Table 12.1). For the DSM-5, only the 
new SUD-criterion “craving” is not present as a criterion for GD. There are many 
studies in GD showing higher scores on self-reported craving and elevated responses 
in the reward circuitry in the brain of disordered gamblers, similar to processes in 
SUDs (see Sect. 12.4.2.1 on craving). However, there are also many unresolved 
issues, e.g., what are the physiological and psychological aspects that are relevant, is 
the urge related to the desire to engage in gambling or to the sensation of winning, 
what is the emotional character of craving, does it include craving for the positive 
emotional effects of gambling (reward craving) or is it related to the escape from 
negative feelings (relief craving), and finally is craving for gambling unique as an 
urge to perceive the experience of excitement when gambling? Furthermore, which 
stimuli elicit craving: visual stimuli when viewing gambling or gambling-related 
pictures, auditory stimuli when hearing the sounds that accompany certain forms of 
gambling such as the clicking of chips, or the sound of slot machines when in opera-
tion, or tactile stimuli like the handling of chips or gambling machines? These are 
questions that need to be addressed in order to answer the question which aspects of 
craving can be conceptualized as similar or dissimilar to craving in SUDs. On the 
other hand, in SUDs, craving is a multifaceted construct as well, and more research 
is needed in SUDs to characterize, for instance, the relation between self-reported 
craving and physiological responses to substance-related cues.

12.3  How Does Disordered Gambling Develop? Etiological 
Models

Just like in etiological models of SUDs, a multifactorial biopsychosocial model is 
used in GD to explain this complex behavioral disorder. Biological, psychological, 
and social factors interact in the development and course of gambling disorders. 

A. E. Goudriaan et al.



249

Table 12.1 Classification criteria for the diagnostic and statistical manual over time

DSM-III
DSM- 
III- R

DSM- 
IV- TR DSM- 5

Number of criteria needed for a pathological 
gambling diagnosis

One 
mandatory 
+3/6

4/10 5/10 4/9

A.  Criteria (Persistent and recurrent 
maladaptive/problematic gambling behavior 
leading to clinically significant impairment or 
distress, as indicated by)
– Unable to resist gambling urges Mandatory
–  Arrests for illegal acts to obtain means for 

gambling (DSM-III-R)/Having committed 
illegal acts (e.g., theft, forgery, fraud) to 
finance gambling

× × ×

–  Unable to release debts or financial 
difficulties

×

–  Relational or family problems due to 
gambling

×

–  Borrowing illegally to obtain money for 
gambling

×

– Unable to account for money ×
– Being absent from work due to gambling ×
–  Repeated unsuccesful efforts to stop or cut 

back gambling
× ×

–  Relying on others to relieve a desperate 
financial situation

× × ×

–  Preoccupation with gambling or with ways 
to obtain money to gamble

× × ×

–  Gambling more or playing longer than 
intended

×

–  Needs to increase the amount or frequency 
of gambling to obtain the desired level of 
excitement (tolerance)

× × ×

–  Feeling restless or irritable when unable to 
gamble (withdrawal)

× × ×

–  Returning the next day to try to gain back 
losses (chasing losses)

× × ×

–  Gambling instead of doing what is 
expected regarding social or work 
obligations

×

–  Jeopardizing a job or social relations due to 
gambling activity

× × ×

–  Continuing gambling despite debts due to 
gambling

×

–  Gambling to relieve a negative mood or 
forget problems/gambling when feeling 
distressed

× ×

–  Lying to relatives or others to hide 
gambling problems/concealing the extent 
of involvement with gambling

× ×

B.  The gambling cannot be better accounted for 
by a manic episode

× × × ×
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A well-known model for gambling disorder is the three-pathway model by 
Blaszczynski and Nower [2, 3]. In the three-pathway model, a first pathway is 
proposed for pathological gamblers who develop gambling problems through 
behavioral conditioning, and for whom no specific neurobiological vulnerability is 
present, but rather the availability and accessibility of gambling—and early 
engagement in gambling—play a major role in the development of their gambling 
problems. A second pathway is proposed for what Blaszczynski and Nower 
describe as the “emotionally vulnerable problem gambler,” characterized by per-
sonality factors like risk-taking, depression and anxiety, a high level of sensation 
seeking, and substance use. This is coupled to underlying biological vulnerabili-
ties. These vulnerabilities were specified in the model only at EEG and neurotrans-
mitter levels, representing the state of the art of research in 2002, but now could 
include abnormalities in functional fronto- striatal abnormalities, underlying the 
proposed “emotional vulnerabilities” of risk-taking and substance use, for exam-
ple. A third pathway is defined as the “antisocial impulsivist” pathway, and 
includes, on top of the factors included in the second pathway, impulsive traits, 
such as ADHD, impulsivity, antisocial behavior, and substance abuse, which influ-
ence the classical and operant conditioning. In all three pathways, the conditioning 
is influenced by arousal and excitement and related physiological factors, and by 
cognitive misperceptions, such as the illusion of control and biased evaluation. 
Although in terminology differences are present between this pathway model and 
dual processing models as present for SUDs, the major factors overlap: both behav-
ioral factors related to conditioning and risk-taking/impulsivity and the influence 
of (psychophysiological) effects of rewards related to drugs and gambling are rec-
ognized; the biased evaluation in the pathway model can be viewed as equivalent 
to the abnormal reward processing or salience attribution as proposed in dual pro-
cess models as in the I-RISA model (see also Sect. 12.4) [4].

For the social etiology of gambling disorders, the presence of games of chance 
and cultural embeddedness of gambling form a prerequisite for the development of 
gambling behavior or regular engagement in gambling [5]. Early wins in gambling 
can promote the development of regular gambling. Besides social factors, genetic 
vulnerability for the development of addictive behavior [6] in combination with a 
(neuro)biological vulnerability can result in certain neurobiological and psycho-
logical reactions to the experience of reward (winning money) in gambling. In gam-
bling disorder, the development of craving is the result of changes in the brain’s 
reward circuitry, which result in a stronger attention for stimuli related to gambling 
and a stronger drive or motivation (craving) to engage in gambling. All these inter-
acting social, genetic, and (neuro)biological factors form the base for the develop-
ment of a pathological form of gambling or gambling disorder [3]. For example, we 
know from recent research that deficits in frontal brain functions related to impul-
sivity, such as a diminished planning ability and a focus on immediate rewards 
(delay discounting), can promote the development of GD [7–9]. At the same time, 
these factors also pose a risk for relapse in GD after treatment [10, 11]. Impulsivity 
has been proposed as an important etiological factor for problem gambling, since it 
implies rash decision-making, lack of thinking about the negative consequences of 
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gambling, and diminished control over gambling. In addition, patients with GD 
show diminished physiological responses (e.g., heart rate) preceding risky deci-
sions, which could imply that this lack of physiological responses or “somatic 
markers” is a vulnerability for the development of a gambling disorder [12]. This 
lack of physiological responsiveness when facing negative consequences (losses) 
could also explain why people continue gambling despite frequent losses. Related, 
the anticipation of losses in PG, has been associated with stronger responses in the 
ventral striatum compared to alcohol-dependent patients and healthy controls [13], 
which indicates that there may be an impaired salience attribution to losses in PGs, 
which may promote the chasing of losses. On the other hand, in the same study, a 
diminished response to successful vs. unsuccessful loss avoidance was found in the 
right ventral and medial prefrontal cortex, correlating with PG severity. In GD 
patients, reduced neural responses after experiencing losses were present [14], 
which may also hamper the decision to stop gambling when facing losses. Taken 
together, although a mixed image appears regarding findings on reward responsive-
ness, depending on the different tasks employed in the studies, abnormal neural 
processing of loss anticipation and loss outcomes is present and may be related to 
the phenomenon of chasing losses and to the diminished attention paid to losses by 
disordered gamblers.

In etiological models of problem gambling, cognitive misperceptions on gam-
bling are unique, and there is no comparable concept for this in SUD models. 
Cognitive misperceptions on gambling are, for instance, irrational thoughts about 
gambling, such as the “illusion of control”: the impression that paying attention or 
trying hard will influence the chances of winning. Cognitive misperceptions are 
rooted in neural mechanisms, which have been investigated, for example, the phe-
nomenon of near misses [15]; see Sect. 12.4.3.2. Another cognitive misperception is 
the higher attention payed to wins, and the downplaying of losses, which results in 
a perceptual filter resulting in better remembering wins than losses (for a discussion 
on the neurobiological mechanisms of reward and loss processing, see Sect. 
12.4.3.1). In the following paragraphs, the etiological factors common for GD and 
SUD and the ones unique for GD are discussed, and findings in GD are compared 
to findings in SUDs.

12.4  Cognitive and Motivational Functions in Gambling 
Disorder Compared to Substance Use-Related Disorders

Recent reviews on SUDs give a consistent image of cognitive-motivational func-
tions that are affected in persons with SUDs. These disorders have been associated 
with higher impulsivity and deficient executive functions (cognitive control) on the 
one hand and with changes in reward sensitivity as expressed in heightened atten-
tional sensitivity to drug-related rewards and a diminished reward sensitivity to non- 
drug- related (natural) rewards. In SUD models these two factors result in dual 
process models, such as, for instance, in the Impaired Response Inhibition and 
Salience Attribution (I-RISA) model [4]. In this model, response inhibition refers to 
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the cognitive component of SUDs, and salience attribution refers to the changes in 
the reward pathways and associated higher salience (i.e., attention) for addiction- 
related stimuli. The cognitive and motivational functions that are central in SUD 
models represent two interacting brain systems: (1) a dorsal prefrontal cortical brain 
circuit, including the dorsolateral prefrontal cortex and cingulate cortex, related to 
executive functions, impulsivity, and control over motivational functions, and (2) a 
motivational circuit consisting of subcortical limbic-orbitofrontal structures involv-
ing the striatum, amygdala, hippocampus, and orbitofrontal cortex.

12.4.1  Impulsivity in Gambling Disorder and SUDs

There is consensus in the literature that impulsivity is a multifaceted construct and 
that several relatively unrelated aspects can be discerned. One of the most frequently 
used ways to assess the personality aspects of impulsivity is by self-report measures 
(see below). However, these self-report questionnaires of impulsivity have a low 
correlation with behavioral measures of impulsivity, such as motor impulsivity, 
choice impulsivity, and cognitive impulsivity.

12.4.1.1  Self-Reported Impulsivity
Impulsivity can be studied with self-report measures, of which the Barratt 
Impulsiveness Scale, BIS-11 [16], is a well-known example, consisting of three 
related subscales: motor impulsivity, attentional impulsivity, and non-planning 
impulsivity. Although these terms suggest that they measure similar constructs as 
the behavioral measures of impulsivity outlined above (motor impulsivity, choice 
impulsivity, cognitive impulsivity), these subscales of the BIS-11 measure dissimi-
lar constructs and in general do not correlate with performance on behavioral impul-
sivity tasks [17–19]. Another questionnaire is the UPPS [20], which was designed 
to measure impulsivity across dimensions of the five-factor model of personality 
(urgency, lack of premeditation, lack of perseverance, sensation seeking) [20]. In 
contrast to the BIS-11, for the UPPS, relationships have been established between 
the subdomains urgency and motor impulsivity on the stop signal task [21], whereas 
another study found that only a small part—12%—of motor inhibition tasks could 
be attributed by BIS trait impulsivity [22], indicating that trait impulsivity and 
behavioral measures of (motor) impulsivity tap largely into distinct constructs.

Several studies indicate that problem gamblers score higher on measures such as 
the BIS-11, see, for instance [23–27], as well as on the UPPS [28–32], and these 
scores tend to be related to symptom severity. A recent meta-analysis indicates that 
all aspects of the UPPS are associated with elevated scores in SUDs but that both 
positive and negative urgency had the largest effect sizes for SUDs [33]. As the 
UPPS has been developed more recently than the BIS-11, more studies on impulsiv-
ity scores as measured with the BIS-11 are present, which indicate that elevated 
BIS-11 levels in SUD populations [34, 35]. In prospective studies, personality mea-
sures of impulsivity in adolescence and childhood have been related to the develop-
ment of problem gambling later in life [7–9]. In summary, these studies indicate that 
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impulsivity traits as measured by self-report instruments are related to both GD, less 
severe levels of GD like problem gambling, and to SUDs and that these impulsivity 
traits form both a vulnerability for the development of SUDs and are related cross- 
sectionally to the presence of GD and SUDs.

12.4.1.2  Impulsivity: Motor Impulsivity/Response Inhibition
Response inhibition can be viewed as the most basic, motoric form of impulsivity. 
Theoretically, one can argue that people who are less able to inhibit their responses 
would have a tendency to use substances more or to gamble more often, because the 
control over their responses is lower, and therefore their ability to stop using sub-
stances or stop gambling is lower once they are gambling or using substances. 
Response inhibition has been investigated in substance use disordered populations 
quite frequently. In patient groups with a cocaine use disorder, a consistent image of 
diminished response inhibition emerges [36–40]. Also in patients with heroin 
dependence, diminished response inhibition has been observed [41–44], as well as 
in alcohol use disordered groups [45–47] and in MDMA users [48–50]. In (meth)
amphetamine users, the evidence is mixed: some studies report on diminished 
response inhibition in this group [51, 52], whereas other research groups report no 
difficulties with response inhibition in (meth)amphetamine users [53]. Importantly, 
polydrug use is more often present than single SUDs. In these groups of poly-SUDs, 
for instance, with cocaine as primary drug of choice [36, 54], or heroin as the drug 
of choice [55, 56], diminished response inhibition has been found. An important 
question in SUDs is whether diminished response inhibition is a pre-existing prob-
lem or (partly) the consequence of drug use on the brain and, thus, whether response 
inhibition recovers after prolonged abstinence. In an overview, the effects of length 
of abstinence on neurocognitive functions were evaluated, and it was concluded that 
there was proof for short- (up to 1 month) and medium-long-term (1–6 months) 
effects of abstinence on improvement of response inhibition for cocaine, (meth)
amphetamine, heroin, and alcohol [57]. However, longitudinal research is scarce, 
and specifically polydrug use and a higher number of detoxifications are associated 
with longer-term problems with neurocognitive functions such as response inhibi-
tion [58]. Compared to SUDs, the evidence for diminished response inhibition in 
gambling disorder is mixed. Some studies report that a diminished response inhibi-
tion is present in gambling disorder [46, 59], whereas in other studies, the dimin-
ished response inhibition in gambling disorder could be accounted for by high 
comorbidity, for instance, of ADHD in pathological gamblers, or by a diminished 
stimulus-response integration, a more basic cognitive function which can influence 
response inhibition [27, 60]. In a recent meta-analysis by Smith and colleagues, the 
conclusion was drawn that in both pathological gambling and SUDs like cocaine, 
MDMA, methamphetamine, tobacco, and alcohol dependence, diminished response 
inhibition was present; however, no consistent evidence was present for diminished 
response inhibition in opioid or cannabis dependence, nor for Internet addiction 
[61]. Given the findings of this meta-analysis, it can be concluded that in general 
GD is associated with diminished response inhibition. However, there are studies 
which do not report differences between GD and healthy controls—and also in SUD 
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studies, heterogeneity is present. The heterogeneity in findings fits with the idea that 
several subtypes of problematic gamblers, requiring different treatments, are pres-
ent [2]. The findings also are consistent with the renewed attention for personalized 
medicine, instigated by the findings of high variability in functions like response 
inhibition in SUDs, which also affect the clinical effects of certain (pharmacologi-
cal) interventions in alcohol use disorders and problem gamblers [62, 63]. For 
instance, in an experimental study by Zack and Poulos, differential effects of the 
cognitive enhancer modafinil were found for high-impulsive versus low-impulsive 
pathological gamblers: in high-impulsive gamblers, modafinil decreased the desire 
to gamble and diminished disinhibition and risky decision-making, whereas in low- 
impulsive gamblers, modafinil had opposite effects [63]. This stresses the impor-
tance of investigating (neurobiological) factors in GD subgroups in order to find 
targets for personalized treatment. Regarding the underlying neurobiological mech-
anisms of deficient response inhibition in DG, a review of ERP and fMRI studies on 
response inhibition and error processing in SUDs and behavioral addictions indi-
cates that both in SUDs as in pathological gambling, hypoactivation in the anterior 
cingulate cortex (ACC), inferior frontal gyrus, and dorsolateral prefrontal cortex is 
present, although these findings were less robust for pathological gambling and 
other behavioral addictions, given the small number of studies [64].

12.4.1.3  Impulsivity: Delay Discounting and Immediate Rewards
Sensitivity for reward can be measured—without a focus on potential negative long- 
term consequences as in so-called decision-making tasks—with delay discounting 
tasks. In this type of task, the discounting of delayed rewards is measured. When 
people engage in a delay discounting task, their tendency to choose for an immedi-
ate lower reward, compared to a delayed larger reward, is measured. For instance, 
when we have the choice for a monetary reward of 5 Euros now, or 10 Euros in a 
week from now, choice behavior will differ between persons. In this way, an indif-
ference point can be calculated for which persons are indifferent in their choice for 
an immediate smaller versus a delayed larger reward. Several studies indicate that 
in patients with SUDs, there is a stronger tendency to choose for the immediate 
reward, instead of a larger delayed reward, thus indicating a discounting of delays. 
In a recent meta-analysis, a robust association was found between delayed reward 
discounting investigating the effects of severity compared to those studies which 
focused on quantity-frequency measures of use [65]. In this meta-analysis, no spe-
cific effects of addictive behavior were found, indicating similar delayed reward 
discounting across SUDs and GD.

There is an effect of immediate substance use on delay discounting. For instance, 
in persons with an alcohol use disorder, who are not abstinent, delay discounting is 
higher than in persons who have an alcohol use disorder, but are recently abstinent. 
However, both groups still have a higher delay discounting compared to persons 
without an alcohol use disorder [66]. In heroin and cocaine use disorder, still a 
stronger preference for immediate rewards has been found, compared to groups 
with alcohol use disorders and healthy controls [67, 68]. Comorbid disorders, e.g., 
the presence of antisocial personality disorder, only partly account for higher delay 
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discounting in SUDs [69, 70]. When we look at the evidence in gambling disordered 
groups, several studies have also found higher delay discounting in comparison to 
control groups [71, 26], and see for a meta-analysis [65]. As a parallel to the effect 
of intoxication on delay discounting, also in problem gamblers, contextual factors 
can influence delay discounting. For example, problem gamblers who were con-
fronted with high craving-eliciting gambling pictures showed steeper delay dis-
counting curves than when confronted with low craving-eliciting gambling pictures 
[72].

12.4.1.4  Impulsivity: Decision-Making
Decision-making is a complex aspect of impulsivity, which is sometimes defined 
separately from impulsivity. In general, in the literature, it refers to the ability to 
make advantageous decisions, e.g., as in choosing for long-term rewards, instead of 
short-term rewards that are accompanied by long-term losses, as measured in the 
Iowa gambling task. Usually, decision-making tasks also involve learning reward 
contingencies and thus depend—at least partly—on the ability to learn which choice 
options are associated with advantageous or disadvantageous outcomes. In certain 
tasks, such as contingency learning tasks, a change in contingencies is presented at 
some point, and there, decision-making thus also assesses flexibility with regard to 
contingency learning. Decision-making tasks have been studied widely in SUDs. 
Diminished (disadvantageous) decision-making on the Iowa gambling task has 
been reported in groups with alcohol, cannabis, heroin, cocaine, and (met)amphet-
amine use disorders and in frequent tobacco smokers [41, 44, 73–79]. Like in the 
studies on delay discounting, comorbid personality disorders are associated with 
higher decision-making problems, but also in groups without comorbid personality 
problems, diminished decision-making is present [80, 81]. In addition, length of 
abstinence and comorbid factors do not influence decision-making in opiate- 
dependent groups [82], indicating that in opiate users, decision-making deficits are 
relatively stable. In pathological gamblers and problem gamblers, diminished 
decision- making has been reported, with disadvantageous decision-making strate-
gies associated with long-term negative consequences, in comparison to control 
groups without pathological gambling [81, 83, 84]. Interestingly, pathological gam-
blers who engage in strategic games of chance (e.g., card games) have intact 
decision- making strategies [81], in contrast to pathological gamblers who engage in 
gambling activities solely determined by luck (e.g., slot machine players). Thus, 
both phenotypic and endophenotypic subtypes of pathological gamblers can be dis-
cerned, which may have relevance for treatment (see Sect. 12.5).

When reviewing all the evidence on personality measures of impulsivity and 
behavioral measures of impulsivity, consistent evidence is present regarding higher 
self-reported impulsivity in GD, as well as regarding increased delay discounting 
which is comparably present in GD and SUDs. Regarding response inhibition, 
diminished response inhibition and related diminished dorsolateral prefrontal and 
anterior cingulate reactivity have been reported in SUDs, but the number of studies 
in GD is lower, some inconsistencies are reported in the literature, and there are 
only a small number of studies investigating the evidence for neural abnormalities 
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responsible for diminished response inhibition in GD. Therefore, more research into 
motor impulsivity/response inhibition is needed in GD.  Diminished decision- 
making has been reported in both SUDs and GD frequently, although for GDs, 
strategic gamblers seem to be less affected. In some studies, comorbidity partially 
explains aspects of impulsivity in GD, pointing at the fact that besides GD, underly-
ing comorbidity may result in higher levels of impulsivity.

12.4.2  Motivational Functions in Gambling Disorder and SUDs

12.4.2.1  Craving and Cue Reactivity
When talking about craving and cue reactivity, craving usually refers to the (self- 
reported) subjective experience of craving for substance use or gambling: the expe-
rience of a strong urge to use a substance or for gambling. The term cue reactivity is 
used in studies where the physiological or brain response to substance- or gambling-
related cues is studied, for instance in psychophysiological studies on the cardiovas-
cular, cortisol or skin conductance response to substance- or gambling-related cues, 
or in functional magnetic resonance imaging (fMRI) or electronic encephalogram 
(EEG) studies where the brain’s responsivity to gambling or substance-related cues 
versus neutral cues is compared. Regarding studies on the subjective experience of 
craving in gambling, there is little consistency in the craving measures that have 
been used and that relatively little is known about their validity [85, 86]. One of the 
issues that has hampered the development of craving scales for gambling is that the 
concept of craving and its components in disordered gambling is still discussed 
[87]. In addition, although some craving questionnaires have been developed, 
including the Gambling Urge Scale [85] and the Gambling Craving Scale [86], the 
validation is mostly done in the general population, and it is not known whether 
these measures can be validly applied to patients with gambling disorder. These 
issues probably also resulted in not including craving as a criterion in the definition 
of DSM-5 gambling disorder. It is to be expected that when new research on the 
concept of craving in gambling emerges, that craving may also be included as a 
criterion in a future version of the DSM.

In SUDs, craving and its neurophysiological substrates have been studied exten-
sively. Since 2013, for the first time, craving has been included as a criterion for 
DSM-5 substance use disorders. The common neural substrates behind subjective 
craving and cue reactivity include a higher responsivity in the (ventral) striatum, and 
functional-related areas such as the amygdala, pallidum, and anterior cingulate cor-
tex, thus serving primary the motivational-emotional limbic circuit within the fronto-
striatal brain circuit [88, 89]. In gambling disorder, the number of studies on craving 
and cue reactivity is limited, but they show involvement of a similar motivational-
emotional brain circuit [90], including increased activation in frontal brain areas 
(dorsolateral prefrontal cortex, inferior frontal areas) and subcortical structures like 
limbic parahippocampal areas, the amygdala, and areas involved in the ventral visual 
attentional stream, such as the occipital lobe in disordered gamblers compared to 
healthy controls [91, 92]. Moreover, higher brain activation to gambling cues was 
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associated with the subjective experience of higher craving in the pathological gam-
blers [92, 93]. It should be noted, however, that only a very limited number of cue 
reactivity studies are available and that this topic deserves more attention. Specifically, 
the experience of craving and its motivational mechanisms in the brain may also 
influence other factors relevant in pathological gambling, such as delay discounting. 
In an fMRI study, the presence of gambling cues increased delay discounting in 
problem gamblers [72], indicating the relatedness between cognitive and motiva-
tional processes in gambling. This is an example of research that stresses that cues 
have both emotional effects, like on subjective craving, but that they also influence 
our behavior and enhance the focus on immediate rewards, as in delay discounting. 
On the other hand, the presence of gambling cues in impulsivity tasks sometimes 
also enhances attention in problem gamblers [94]. Thus, more research on the inter-
action between motivational and the various aspects of impulsivity and reward pro-
cessing is needed.

12.4.2.2  Attentional Bias
When people with a gambling disorder are confronted with cues related to gam-
bling, this results in a higher attention toward these cues. This higher attention can 
be measured with neurocognitive tasks that assess this attentional bias toward cues 
related to the addictive behavior in question. One of these attentional bias tasks is 
the dot-probe task. In this task, one picture relevant to the addictive disorder in 
question and one picture not related to the addictive disorder are simultaneously 
presented on the left and the right side of a computer screen, and one has to watch 
a dot in the middle of the screen. Shortly after the presentation of the pictures, a 
“probe” or neutral sign appears at the place of one of the pictures, requiring a 
response. Faster responses to the probe that appears at the location of the previous 
addiction- related picture versus responses to the probe at the location of the neutral 
picture indicate attentional bias toward the addiction-related pictures. Several other 
tasks can measure attentional bias toward addiction-related stimuli, e.g., the 
addiction- relevant Stroop task. In this task, addiction-relevant words or neutral 
words are presented, and the color in which the words are printed needs to be 
named. Attentional bias is present when it takes longer, or more errors are made, 
for the words related to addiction versus neutral words. Attentional bias is present 
across SUDs, for several attentional bias tasks as, for instance, in alcohol use dis-
orders, nicotine dependence, and heroin dependence [95–100]. Moreover, active 
use is associated with a higher attentional bias in heroin-dependent patients com-
pared to abstinent heroin- dependent patients [101]. Related to this is the influence 
of whether persons with SUDs are in treatment or not. For instance, a negative 
attentional bias has been reported in patients with alcohol dependence currently in 
treatment [102, 103]. This can be interpreted as related to the changed motivation 
that is present in persons in treatment, for whom substance-related material has a 
lot of negative associations as well.

In disordered gamblers, several studies indicate that attentional bias is present for 
gambling-related stimuli. In an early study by McCusker and Gettings, attentional 
bias was present in a Stroop task study in members of gamblers anonymous 
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compared to their non-gambling addicted spouses [104]. Another study employing 
a gambling-relevant Stroop task [105] indicated that in a group of persons who 
experienced loss of control over gambling, a higher attentional bias was present 
compared to gamblers with a high control over gambling. In a more recent set of 
studies, the specific components of attentional bias in problem gamblers and non-
problem gamblers used a Posner attentional bias task, in which both initial orienta-
tion attentional bias and maintenance of attentional bias can be measured. In these 
studies, in active problem gamblers, a facilitation of attentional encoding was pres-
ent [106], whereas in the abstinent problem gamblers, an avoidance bias was pres-
ent [107]. This indicates that the status of problem gambling—in treatment, or 
actively gambling, differences in the presence or absence of motivation to change 
gambling behavior—can influence these attentional biases and needs to be taken 
into account when performing attentional bias research.

12.4.3  Unique Factors in Gambling Disorder

From the evidence reviewed above, there are important similarities between disor-
dered gambling and SUDS, despite apparent differences in cognitive and motiva-
tional functions between several SUDS and some differences in severity of 
neurocognitive dysfunctions between GD and SUDs. Several aspects of gambling 
are however not present in SUDS. For instance, in gambling, one is never sure of 
the outcome of the gambling game, whereas for SUDs there is at least partly a 
security about the presence of a substance in the drug, differing dependent on the 
regulation of the substance. For instance, one can safely assume that a certain level 
of alcohol is present in a bottle of wine. For gambling on the other hand, with the 
placement of a bet, one is not sure of the outcome, either a win or a loss. Thus, 
when engaging in gambling, this is per se a risky activity, associated with uncer-
tainty, and gambling can be subdivided in several stages: placing a bet or engaging 
in a certain gambling activity (and this engagement can differ from a high-risk bet 
to a low-risk bet and from a high stake to a low stake), waiting for the outcome 
(expectancy phase) and the experience of a win or loss (outcome phase). Several 
neurocognitive and neuroimaging studies have now focused on these different 
phases of gambling [108, 109], and also in SUDs there is a growing interest in the 
more theoretical process of reward expectancy and reward (outcome) experience 
and their neural mechanisms [110, 111].

Another aspect that differs between gambling and substance use is the role of 
expectancies and cognitions about the gambling game. Whereas the gamble in itself is 
uncertain and risky per definition, certain thoughts and ideas about the gambling game 
can influence how these risks are perceived and hence influence gambling behaviour. 
In disordered gambling, these abnormal cognitive processes are referred to as “cogni-
tive misperceptions” and include, for instance, the overestimation of one’s skill to 
influence the outcome of a gambling game, the overestimation of the chances of win-
ning, or a bias in remembering wins versus losses, which could be related to atten-
tional biases. Studies have shown that compared to non-gamblers, problem gamblers 
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are more often overconfident in their own abilities—even in non- gambling- related 
abilities—and that this is related to less profitable betting behavior [112].

12.4.3.1  Reward Outcome and Expectancy of Reward
In the first fMRI studies focusing on reward processing in pathological gambling, 
the outcome phase of rewards was usually the focus. For instance, in a study on 
processing of monetary gains versus losses, disordered gamblers showed dimin-
ished activation in the ventral striatum and ventral prefrontal cortex when process-
ing gains compared to losses [113]. In this study, because a direct comparison was 
made between reward and loss processing, the relative responsiveness of reward and 
loss processing could not be discerned. In a later study focusing on cognitive switch-
ing in which pathological gamblers could win money, lose money, or experience a 
neutral outcome, both brain responsiveness to wins and losses in the ventral pre-
frontal cortices were diminished in pathological gamblers compared to healthy con-
trols [14]. On a psychophysiological level, responsiveness to wins in the Iowa 
gambling task also has been shown to be lower—heart rate decreased after wins in 
pathological gamblers compared to heart rate increases after wins in healthy con-
trols [12], and diminished ventromedial prefrontal activity has been reported during 
performance of the IGT [114]. Thus, both a diminished responsiveness to rewards 
and to losses seem present in disordered gamblers. However, in a recent meta- 
analysis, SUD patients showed increased activation of the ventral striatum in reward 
outcome situations, whereas gambling addicts showed decreased activation of the 
dorsal striatum in reward outcome situations [115].

Regarding the anticipation to rewards and losses, or reward processing during the 
phase of gambling in which decisions regarding gambling are made, a different 
picture emerges. For instance, in an fMRI study focusing on poker players differing 
in the level of problematic playing and controls, higher activity in reward-related 
areas such as the ventral striatum, but lower activity in the cognitive control network 
(dorsolateral prefrontal activation), was present in poker players during deck selec-
tion on the IGT compared to healthy controls, and this activation correlated with 
levels of gambling problems [116]. In a study of problem gamblers, using a proba-
bilistic choice game to model anticipatory processing, higher responsivity in the 
ventral striatum was present in pathological gamblers when anticipating larger wins 
compared to smaller wins [109]. Similarly, another fMRI study showed that both in 
pathological gamblers and cocaine-dependent patients, higher anticipatory activity 
was present in mesolimbic and ventrocortical regions, although in pathological 
gamblers higher activation was present in anticipation of a possible reward, whereas 
in cocaine-dependent patients, responsiveness to certain loss anticipation was higher 
[117]. In a study in which high-risk and low-risk gambles were presented, high-risk 
gambles led to a higher anticipatory response in reward-related areas, in problem 
gamblers, compared to controls [108, 118]. However, in two studies that used a 
more abstract modified monetary incentive delay (MID) task [110] in which sub-
jects have to make speeded responses to acquire points/money or to prevent losing 
points/money, another picture emerges: pathological gamblers showed attenuated 
ventral striatal responses during reward anticipation as well as in response to 
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monetary wins [119, 120]. Another MID study in GD and alcohol dependence 
found that activity in the right ventral striatum during loss anticipation was increased 
in GD patients compared with controls and alcohol-dependent patients. Moreover, 
PG patients showed decreased activation in the right ventral striatum and right 
medial prefrontal cortex during successful loss avoidance compared with controls, 
which was inversely associated with severity of gambling behavior [13]. Thus, it 
seems that in gambling-related contexts there is an increased anticipatory respon-
sivity in reward-related brain circuitry in pathological gamblers, where higher acti-
vation is seen when higher risks or higher monetary rewards are involved, whereas 
a diminished responsivity is present when anticipating rewards outside of a gam-
bling context and when experiencing the outcomes of wins and losses. With regard 
to the diminished responsivity to rewards and losses, however, context could also 
play a role: in an EEG study, hyper-reactivity in a higher medial frontal signaling 
after receiving monetary rewards was present in problem gamblers in high-risk bets 
[121], consistent with the fMRI study by Miedl et al. [108], in which higher respon-
sivity to high-risk bets vs low-risk bets was found in reward-related brain circuitry. 
Thus, the evaluation of the height of the reward and the perception of the risk associ-
ated with the choice by problem gamblers versus healthy controls and discerning 
the evaluation of wins and losses both in the context of high-risk and low-risk situ-
ations are essential for the field to evaluate in which situations and how reward 
processes are affected in disordered gamblers.

In summary, abnormal reward and loss processing is present in both GD and 
SUDs, with diminished behavioral, psychophysiological, and neural responsiveness 
toward the experience of rewards and losses and in GD, whereas in SUDs, a higher 
neural responsiveness in striatal areas is present for reward outcomes. A similar 
diminished reward expectancy pattern is present in SUDs and GDs when a gambling- 
neutral context is present; however, when a gambling-relevant context is present, 
increased involvement of the striatal-limbic motivational circuit is seen in GD.

12.4.3.2  Cognitive Misperceptions and Near Misses
The existence of cognitive misperceptions is unique to disordered gambling and 
does not have its equivalent in SUDs. We refer to Chap. 4 on Cognitive Distortions 
in Gambling Disorder in this volume for a detailed review. Specifically, near misses 
have been associated with differences in its neurobiological mechanism in disor-
dered gamblers versus non-problematic gamblers, and the presence of near misses 
affects gambling behavior of disordered gamblers differently than non-problematic 
gamblers.

Behavioral studies of near misses in gambling indicate that they are experienced 
as less pleasant than full wins but that they result in an increase in desire to gamble 
[15]. Importantly, in a study of gamblers differing in the level of problems they expe-
rienced, the propensity to continue gambling after near misses was predicted by skill-
related cognitive misperceptions, indicating that there may be a link between the near 
misses (the experience that one is “almost there”) and the development of cognitive 
misperceptions [122]. Psychophysiologically, more severe gambling problems are 
related to higher skin conductance responses and smaller interbeat interval changes 
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in response to near misses compared to full losses or rewards [123]. In the brain, 
near-wins activate the same reward circuitry as is activated by real wins, but to a 
lesser extent. Studies indicate that the level of activation in the reward circuitry, elic-
ited by near-wins, correlates with the urge to continue gambling, thus indicating that 
near-wins may play a role in the development of loss of control over gambling, due 
to the increase in gambling urges and activation of reward-related circuitry and thus 
may constitute a part of what makes gambling addictive [15]. Indeed, near misses 
elicit stronger responses in gamblers with a higher problem gambling severity [124, 
125]. Finally, compared to controls, pathological gamblers show amplified striatal 
responses to near-miss outcomes, which was not influenced by dopamine antagonist 
(e.g., sulpiride [126]).

12.5  Novel Perspectives for Interventions in the Treatment 
of Gambling Disorders

Given the similarities between disordered gambling and SUDs, targeting novel 
intervention methods in disordered gambling that are being investigated in SUDS 
has high relevance. Recent reviews on SUDs and behavioral addictions discuss a 
potential development in addictive behaviors from impulsive behavior at the start of 
the disorder, toward compulsive-like behavior and underlying brain processes in the 
later stages of addictive behavior [127, 128]. When compulsivity in GD has similar 
neurobiological mechanisms to compulsive behaviors as present in obsessive- 
compulsive disorder, for instance, novel interventions could also be linked to novel 
developments in treatment for OCD, such as high dosage of SSRIs or clomipramine 
in GDs with high levels of compulsivity.

Besides cognitive behavioral and pharmacological interventions (see Chaps. 8 
and 9 in this volume), recent developments in the treatment of SUDs concern neu-
romodulation interventions, ranging from cognitive training to repetitive transcra-
nial neurostimulation rTMS), and maybe even deep brain stimulation for gambling 
disordered individuals who are highly compulsive. These novel interventions spe-
cifically target some of the neurobehavioral mechanisms that underlie both SUD 
and GD, for instance, by improving cognitive functions through improvement of 
dorsolateral prefrontal functioning, which may diminish impulsivity and craving. 
Alternatively, the presupplementary motor area may be a target for neuromodula-
tion, as it has been related to diminished response inhibition in obsessive- compulsive 
disorder [129]. However, since there is a scarcity of studies investigating (underly-
ing neural mechanisms of) response inhibition in GD, this topic needs to be further 
investigated before specific targets for neuromodulation in GD can be determined.

Neuromodulation may have broader effects than cognitive effects on the stimu-
lated area of the dorsolateral prefrontal cortex. Indeed, a meta-analysis assessing the 
effect of neurostimulation such as repeated transcranial direct current stimulation 
(tDCS) and transcranial magnetic stimulation (rTMS) on the dorsolateral prefrontal 
cortex in reducing craving for substances or high-palatable food indicated a medium- 
effect size [130]. These neuromodulation interventions may also indirectly lead to 
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improvement of treatment success, because of improvement in functions that are 
necessary for cognitive behavioral therapy. For instance, in developing skills to 
refuse gambling or developing a relapse prevention plan, planning and regulating of 
one’s impulses is essential.

Cognitive training methods such as working memory training and attentional 
bias retraining have been investigated in SUDs. As for attentional bias retraining, 
which as the name indicates, focuses on diminishing the attentional bias for addic-
tion relevant stimuli, mixed results are present: a recent meta-analysis indicates that 
cognitive bias modification has moderate effects on the presence of cognitive bias, 
but that effects on addiction outcomes are not present or limited to small-effect sizes 
for long-term effects [131]. Clearly, the field of cognitive training needs larger and 
more rigorous studies about the effects on cognitive bias and clinically relevant 
outcomes, including relapse and substance use. Related to the field of cognitive or 
attentional bias, retraining is the study on the effects of working memory training on 
craving. A recent study indicates that applying working memory training when 
experiencing craving reduces craving and relapse for substances [132]. For both 
neurostimulation and working memory training, studies in clinical groups that do 
not (only) focus on craving but on the effects on addictive behavior are scarce [133]. 
Regarding neurostimulation, some small studies have studied clinical effects of 
neurostimulation in SUDs. In a study with multiple sessions of rTMS, ten daily ses-
sions of active rTMS over the DLPFC resulted in diminished cigarette use and lev-
els of nicotine dependence compared to the placebo sham rTMS condition [134]. 
Although there is nascent evidence that rTMS could be effective in the reduction of 
craving and substance use in cocaine, nicotine, and alcohol use disorders, more 
adequately powered, rigorous, controlled efficacy studies are clearly needed. In 
summary, interventions with neurostimulation or cognitive training such as working 
memory training or attentional bias training in disordered gambling are also war-
ranted given the similarities in vulnerability factors such as impulsivity, craving, 
and abnormalities in fronto-striatal brain functions in disordered gambling and 
SUDs (please also see Chap. 10 on Innovative Treatment Approaches in Gambling 
Disorder).
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13Roles of Culture in Gambling 
and Gambling Disorder

T. P. S. Oei, N. Raylu, and J. M. Y. Loo

13.1  Introduction

Gambling behaviour existed at the beginning of human civilisation and is widely 
engaged by individuals from different cultures and geographical locations world-
wide. Furthermore, gambling acceptability and participation rates varies signifi-
cantly among culturally and linguistically diverse (CALD) groups [1]. Problem 
gambling (PG) occurs when an individual’s gambling is at a stage that it begins 
causing personal, interpersonal, legal and social difficulties [2]. The extent and 
nature of problematic gambling also appears to vary from one CALD group to the 
next [3, 4].

The heterogeneous nature of problem gamblers (PGs) in the development and 
maintenance of gambling depends on complex interactions between a number of 
variables (e.g. cognitive, personality, genetical, familial, psychological, biological, 
environmental and sociological factors), and these interactions vary from person to 
person [5, 6]. Individuals within a particular CALD group often have similarities in 
some of these factors (e.g. familial and environmental factors). For example, since 
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social gambling is a common form of leisure activity among the Chinese [7], there 
is often high exposure to gambling for individuals in this group. Thus, differences 
in gambling and PG behaviour are not restricted to impacts of gambling accessibil-
ity and advertisements, but also to the milieu of a particular CALD group [1]. Some 
CALD groups are more likely to report lower social economic status and income 
levels and higher unemployment rates [8], all of which have been linked to increased 
risk of PG [9].

All of these above factors, however, cannot fully account for the differences in 
gambling and PG found among different CALD groups. This is supported by empir-
ical studies that showed that high rates of PG among CALD individuals with a 
migration background could not be fully explained by demographic factors or pre-
ferred gambling form (e.g. [10]). Thus, there is a need to consider cultural specific 
variables to further examine these differences such as the meaning, role or purpose 
of gambling in different cultures that influence variations in gambling behaviours 
(i.e. forms of gambling chosen or gender distribution in gambling) and prevalence 
rates among different CALD groups [1, 4].

Due to factors such as immigration, the population in most Western countries are 
becoming more heterogeneous in nature [11, 12]. Inconsistencies are evident 
between PG rates and treatment-seeking rates among certain CALD groups, 
whereby certain groups including ethnic minority and indigenous gamblers were 
less likely to seek treatment for PG [13–15] and seek treatment as a last resort [16, 
17]. An individual’s cultural identity affects not only their gambling behaviours but 
also the likelihood they will seek treatment if their gambling gets out of control [1]. 
Better understanding of the prevalence of gambling and PG among various CALD 
groups as well as the cultural factors that may impact gambling could help provide 
adequate information on how to attract CALD PGs to treatment and improve future 
development of both prevention and intervention programmes.

We attempted to discuss the differences in prevalence rates among different CALD 
groups as well as the cultural variables that may play a role in the development and 
maintenance of gambling in our earlier paper [1]. At that stage very little was pub-
lished in this area leading to inferences made from substance abuse literature to inform 
discussions on cultural variables that may impact gambling behaviour. As there is 
significant growth in research on cultural aspects of PG since then, the aim of this 
chapter is to expand and update our earlier review and (a) to discuss the gambling and 
PG rates among various CALD groups, (b) to provide an overview of the cultural 
variables that may play a role in the development and/or maintenance of PG, (c) to 
discuss implications of these findings in relation to the prevention and treatment of 
CALD PGs and (d) to take a critical look at the roles of culture in gambling.

A number of definitions have been used in the literature to indicate problematic 
gambling. For this chapter, the term “gambling disorder (GD)” will indicate exces-
sive gambling behaviour that meet the diagnostic criteria in DSM-5. The term 
“problem gambling (PG)” will indicate subthreshold recurrent gambling behaviour 
with associated gambling-related problems, regardless of whether or not they meet 
any diagnostic criteria for GD. Culture will be defined as collective attitudes, prac-
tices, traditions, customs, laws and beliefs that are passed from one generation to the 
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next via language, artefacts, rituals, myths, arts, texts and discourse modes of a 
group of individuals (i.e. [18]). A “culturally and linguistically diverse (CALD)” 
group is defined as a group of individuals who migrated from or had ancestors that 
migrated from a non-speaking English country or a group who may not have a 
migration history but are non-English multilinguists with different cultural norms 
and values. Thus, this includes aboriginal groups, which Breen and Gainsbury [4] 
identified as “first Nations, Indigenous or Aboriginal peoples who originate from or 
identify with a particular nation and who have deep abiding connections to their 
lands and ancestral culture” (p. 77). There are acknowledged challenges in defining 
these cultural terms comprehensively in an inclusive manner, and future improve-
ments are imperative. Meanwhile, consistent with past research, these definitions 
will guide our discussions here.

In order to complete this article, relevant databases (e.g. PsycINFO, Social 
Science database, Humanities and Social Science collection, Health and Society 
database, Sociological Abstracts and Google Scholar) from 1975 to 2016 were 
searched using terms such as addiction, gambling, culture, ethnicity, race, prevalence 
and treatment. Online searches were also conducted using these words to access any 
other academically grounded published articles, government reports and conference 
papers.

13.2  Rates of Gambling and PG Among Different Cultural 
Groups

The studies published that explore the prevalence of gambling and PG among dif-
ferent CALD groups in Western countries are regarded as either aboriginal groups 
or ethnic minorities that have a migration background (in their own or ancestral 
background).

13.2.1  Aboriginal Groups

Studies on Native Americans (e.g. American Indians and Native Alaskans) have 
either reported no difference in lifetime [19] and past-year [20, 21] gambling rates 
or reported higher lifetime [22] and past-year [23] gambling rates between North 
American Aborigines compared to Caucasians or non-aboriginal samples. Although 
there is variation in GD rates, there is strong evidence that there is higher lifetime 
and current GD rates for this group using a range of measuring instruments and cut- 
offs compared to Caucasians or non-aboriginal groups (e.g. [24–26]). Williams 
et al. [27] reported that North American Aborigines tend to participate in more types 
of gambling than non-Aborigine groups. More recent studies suggest that Aborigines 
in North America are about 2–3 times more likely to develop gambling problems 
than Caucasians or non-aboriginal populations [20, 23, 27].

A number of studies with Native American adolescents have also supported high 
PG rates among this group compared to non-Native American adolescents 
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([28–31]). Studies have showed lifetime gambling among Native American adoles-
cents to be 80–90% [32, 33]. Zitzow [30] reported that gambling among Native 
American adolescents not only commenced at an earlier age than Caucasians, they 
also had a greater participation in gambling.

Comparative studies of Native Americans with other CALD groups also exist. 
Westermeyer et  al. [22] reported that the lifetime GD prevalence rate of Native 
American veterans (9.9%) was twice as high as Hispanic veterans (4.3%). Kong 
et al. [26] reported that Native Americans were less likely to admit to gambling five 
or less times per year in their lifetime (66.5%) compared to Caucasians (70.5%), 
African Americans (72.8%) and other racial/ethnic groups (72.3%) but more likely 
(30.1%) to score 0–2 on the DSM-IV criteria [34], compared to Caucasians (26.5%), 
African Americans (23.4%) and other racial/ethnic groups (24.7%). Although 
Native American GD rates were almost twice of Hispanics and Caucasians, they 
were similar to Asians and African Americans [35].

Research on indigenous groups from other countries (including Australia and 
New Zealand) are less in quantity. Nevertheless, they have presented similar find-
ings as the North American studies where there are mixed findings in relation to 
gambling rates but higher GD rates compared to Caucasians or the general Western 
population. High rates of PG/GD have also being reported among Maoris in New 
Zealand [36, 37], where there is some evidence that although Maoris are less likely 
to gamble than the general population, they are more likely to experience gambling 
problems [4, 38, 39]. However, Volberg and Abbott [19] reported a non-significant 
difference in lifetime gambling rates but engagement in a higher number of gam-
bling activities weekly and larger monthly amount spent on gambling among Maoris 
compared to Caucasians in New Zealand. They also reported that both the lifetime 
and past-year rates of GD were higher among Maoris (8.7% and 4.6%, respectively) 
compared to Caucasians (3% and 1.4%, respectively). Maoris also tend to engage in 
more types of gambling than the general population [39].

Indigenous Australians were more likely (80%) to engage in commercial gam-
bling activities (especially gambling machines) compared to the general population, 
64% [40, 41]. Stevens and Young [42] reported a GD rate of 13.5% among 
Aborigines in Australia based on one question on gambling in a health survey. Hing 
et al. [15] sampled Aborigines in Australia using PG Severity Index (PGSI [43]) to 
measure extent of GD and categorised 12.5% as low risk, 16.6% as moderate risk 
and 19.5% as PGs.

13.2.2  Ethnic Minorities with a Migration Background

Research from a number of countries including America, Canada, Australia, New 
Zealand and Sweden have reported higher rates of GD (lifetime or past year) among 
ethnic minorities with a migration background (i.e. those who themselves migrated 
or had ancestors that migrated from another country)  [3, 21, 44–46]. Based on the 
US National Epidemiologic Survey on Alcohol and Related Conditions (NESARC) 
data, Alegria et  al. [35] reported that the lifetime GD rates of groups with a 
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migration history (Asians, 2.3%; African Americans, 2.2%) were twice that of 
Caucasians (1.2%) but similar to Native Americans (2.3%). Barry et al. [47] reported 
African Americans (0.96%) were more likely to report GD (5 or more on DSM-IV) 
than Caucasians (0.45%). Welte et al. [48] explored telephone survey data of indi-
viduals 14+ age and reported that Asians and African Americans were less likely to 
report gambling in the past year (66% and 67%, respectively) compared to Native 
Americans (83%), Caucasians (77%) and Hispanics (76%). However, all ethnic 
minority groups (African Americans, 5.5%; Hispanics, 4.6%; Asians, 5.3%), includ-
ing Native Americans (5.4%), reported higher PG rates (using 3 or more past-year 
criteria threshold on DSM-IV) than Caucasians (1.9%).

Similar findings were reported for ethnic minority students/adolescents in a 
number of North American studies. Barnes et al. [49] conducted a phone survey of 
US residents aged 14–21 years using randomised sampling procedures and reported 
that African American youth were less likely to gamble in the past year (60%) com-
pared to Hispanics (71%) and Caucasians (70%), but more likely to report having 
gambled 52 or more times in the past year (African Americans, 24%; Caucasians, 
15%; and Hispanics, 21%). Welte et al. [50] explored past-year prevalence among 
the youth in a random phone study using the SOGS-RA [51] and found Asians 
(48%), mixed/unknown (45%) and African Americans (60%) were less likely to 
report having gambled than Caucasians (70%), Hispanics (71%) and Native 
Americans (83%). No significant difference in at-risk gambling (2 or more on 
SOGS-RA) or GD (4 or more on SOGS-RA) were found, but African Americans 
(18%) and Native Americans (28%) were more likely to report frequent gambling 
(on average two times or more per week) than other groups.

The above studies on adolescent and adult North American studies show that 
there are variations in which CALD group report higher rates. There are also varia-
tions in the results for certain CALD groups (e.g. the Hispanics/Latino). Alegria 
et al.’s [35] study showed no difference in lifetime GD prevalence rates between 
Latinos (1.0%) and Caucasians (1.2%). On the other hand, Barry et al. [52] evalu-
ated the most recent NESARC data and reported that those that identified them-
selves as Hispanic (0.38%) reported lower rates of past-year GD compared to those 
that identified themselves as Caucasians (0.45%). In contrast to both of these find-
ings, Welte et al. [21] reported past GD (5 or more on the SOGS-R [53]) rate was 
highest for Native Americans (5.3%), followed by Hispanics (4.2%), African 
Americans (3.7%), Caucasians (0.5%) and then Asians (0%). The limited studies 
that explored the GD rates among Hispanics/Latinos have produced varying results 
depending on the time frame used to assess problematic gambling (i.e. lifetime vs. 
past year) and sample characteristics [3, 52].

Studies in other countries have mirrored these findings in North America. A 
number of studies have reported higher GD rates among Pacific Islanders in New 
Zealand [37–39]. Some studies have reported that similar to Maoris in New Zealand, 
although Pacific Islanders in New Zealand are less likely to gamble, those that gam-
ble are more likely to develop gambling problems [38, 39] with rates four times that 
of the general population for these two groups [4]. In another New Zealand study, 
Abbott and Volberg [54] reported that individuals that identified themselves as 
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Maori or Chinese were at high risk of developing gambling problems. In a lifestyle 
survey using the PGSI, GD rates among the CALD groups were found to be higher 
(Maori, 2.7%; Asians, 2.4%; Pacific Islanders, 0.6%) than Caucasians, 0.2% [55] in 
New Zealand. In an Australian study, the Victorian Casino and Gaming Authority 
[56] investigated gambling among those that spoke Chinese, Vietnamese, Arabic or 
Greek. They reported that although the gambling rates among the four groups were 
less than that of the general population, GD (SOGS score of 5 or more) rates for all 
four cultural groups were 5–7 times higher than the general community. Dickins 
and Thomas [57] review of gambling and PG among Australian CALD groups high-
lighted the lack of recent research in this area in Australia. They, however, stated 
that although CALD group may gamble less, they may be at greater risk of develop-
ing PG than Caucasians due to migration variables/stress, stigma/shame-related fac-
tors as well as variances in beliefs about luck and chance. A number of studies in 
Sweden also report being higher risk of PG among those who themselves migrated 
or had ancestors that migrated from another country [44, 58].

There has been significant research on Asian (especially Chinese) gambling and 
PG over the last decade [7, 59]. A number of studies conducted in Western countries 
using different measuring instruments have found higher rates of GD among Asians 
(research predominantly done on Chinese samples or by combining a number of 
CALD groups including Korean, Chinese, Cambodians, Vietnamese, Filipino, 
Japanese, Indian and/or Thai) compared to Caucasians or general population for 
both adults [7, 56, 60, 61] and student/youth samples [62–64]. Loo et al. [7] review 
of gambling and PG among the Chinese in a number of countries (including China, 
Macao, Australia, New Zealand, Canada and America) reported past-year GD prev-
alence rate of 2.5–4%. Some researchers have reported that although Asian youth 
are less likely to report gambling or have similar gambling rates compared to the 
general population or Caucasians, when they do gamble, they are more likely to 
report PG/GD [65–67].

Few studies have tried exploring rates for Asian groups other than Chinese. Petry 
et  al. [68] assessed gambling prevalence among three South East Asian (Laos, 
Cambodia and Vietnam) refugees in America using a convenience sample and the 
SOGS and found that although lifetime rates were similar for the three countries, 
they were 10–25 times higher than the general population. Marshall et  al. [69] 
reported a 10.4% and 3.5% lifetime GD prevalence rate among a probability sample 
(rather than a convenience one) of Cambodian refugees in America using a cut-off 
score of 5 or more and a score of 3–4 on the SOGS, respectively.

The GD rates reported in Asian countries show variability. Some studies from 
Hong Kong, Macao and Singapore have found adult GD rates higher than rates of 
Caucasians in Western countries [46, 70–72]. However, studies done in South Korea 
have shown very low lifetime [73] and past-year [74] rates of around 0.5–0.8%. 
Williams et al. [74] study also reported a low rate of past-year gambling of 41.8%. 
They stated this low rate of gambling and GD among South Koreans were probably 
due to low engagement in gambling by women in the country and overall negative 
viewpoint about gambling and limited access to gambling [74]. Liu et  al. [75] 
reviewed studies in Asian countries assessing gambling and PG among the youth and 
reported there were significant differences in methodology between the studies from 
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countries such as Singapore, Hong Kong, South Korea, Macau and Thailand. They 
stated that in these Asian countries, the youth gambling involvement rates varied 
between 32% and 60%, the PG problem rates varied between 1.5% and 5.0% and the 
GD rates varied between 0.07% and 2.66%. By highlighting the findings of Shaffer 
and Hall [76] meta-analyses study that showed that 10–15% of North American 
youth report at-risk gambling and 4–8% report GD, they stated that adolescent rates 
in Asian countries were less than rates found among North American adolescents.

13.2.3  Discussion and Summary of CALD Gambling and GD 
Prevalence Studies

Over the last decade although there have been significantly more published data on 
the prevalence of gambling and GD among various CALD groups, studies for vari-
ous CALD populations are disproportionately represented. The above discussion 
also clearly shows there are significant methodological variations in these studies 
including variations in instruments, timeframe (lifetime vs. past-year gambling), 
cut-offs and data collection method (e.g. face-to-face vs. telephone administration, 
oversampling vs. randomised vs. survey, etc.) that influence reported rates [1, 46].

Besides these variations, there are a number of limitations in these studies. First, 
many assessment tools used are not normed for various CALD groups [77]. Second, 
measuring tools used are often translated and back translated, and there can be sig-
nificant differences between the two versions. Third, a number of studies have cat-
egorised individuals into global categories (e.g. Caucasian vs. non-Caucasian or 
Hispanics, Asians, Pacific Islanders) without recognising that these global groups 
consist of many different subgroups [78]. Furthermore, there are also individuals 
from mixed cultural groups. Fourth, most of these studies do not distinguish origin 
of migrants [1]. Studies such as Blaszczynski et al. [60] have reported that those 
with a prior gambling history in the country they originated from are more likely to 
report PG. Finally, a large number of these studies used data based on self-reports, 
had small sample sizes and used non-random sampling procedures [79].

These methodological variations and limitations have led to variations in rates 
for same CALD groups from study to study. In spite of this, these studies generally 
show mixed findings in relation to the gambling rate but report higher GD rates 
among CALD populations compared to Caucasians or the general population. To 
better understand these cultural differences, it is important to evaluate specific cul-
tural variables that could play a role in initiating and maintaining gambling, and this 
is discussed next.

13.3  Cultural Factors Implicated in the Development, 
Maintenance and Treatment of GD

Conceptualisations of cultural factors associated with GD can be examined through 
diverse viewpoints—personal, ethnic, societal, institutional and national cultures—
that interact and co-exist together to impact cognitions and behavioural responses. 
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In the development and maintenance of GD behaviour, the individual is an active 
participant who executes a specific position within a cultural context, predetermined 
either by ethnic or societal norms, and national culture [80, 81]. These processes 
encompass a complex interaction of individual differences and mechanisms under-
lying gambling behaviour such as gambling urges, cognitions and psychological 
states [82–84], all of which are enacted within cultural norms. These perspectives 
will form the basis of discussions in subsequent sections in consideration of the 
impact of culture in an increasingly globalised environment.

13.3.1  Cultural Values and Beliefs in an Increasingly Globalised 
Environment

Although gambling activities are evident in most countries and cultural contexts, 
there are differential culturally mediated risks and protective factors that may 
increase or decrease GD propensity [3]. Cultural values and beliefs when passed on 
through familial means from one generation to another [1], through the mediation 
of cultural and sociodemographic contexts, can impact on decision-making pro-
cesses and gambling behaviour. Research conducted on CALD populations residing 
in predominantly Western cultural contexts such as Iranians [45], Native Americans 
[20], Indigenous Australians [15, 40] and Asians [16, 85–88] have consistently 
reported differences in gambling motivations, cognitions, game preferences, pre-
senting problems and help-seeking attitudes when compared between cultural 
groups. For instance, experimental investigations with a coin-toss task showed that 
Asian-Canadians were more susceptible to the gambler’s fallacy (the belief that a 
win will follow after a series of losses), while Euro-Canadians are more susceptible 
to the “hot-hand fallacy” (belief that a winning streak will continue), which suggest 
cultural differences in gambling cognitions and decision-making processes [89]. 
These differences in the course of gambling development and personal antecedents 
were also evident among older adults [90]. Collectively, these findings have sparked 
an interest in further investigations to examine cross-cultural differences (or simi-
larities) in the development of GD to continuously improve prevention and treat-
ment efforts.

Meanwhile, findings reported in relation to CALD populations residing in ethni-
cally matched cultural contexts or countries, though mainly Asian countries, sug-
gested some similarities on top of common differences found in gambling-related 
cognitions, motivations and perceptions of risks [7, 91, 92]. For example, Chinese 
and American gamblers in Korean casinos were found to endorse similar supersti-
tious beliefs, while games novelty and monetary gains were rated as highly impor-
tant by Japanese and Korean gamblers, respectively [93]. It is clear that gambling 
serves different culturally mediated purposes and is understood or framed in a 
diverse manner according to an individual’s cultural identity and the preference and 
game types played. Much work is needed in replicating or confirming some of these 
findings in other cultures, and consequently translating key findings to clinical or 
practical outcomes for policy or treatment reformations needs some caution.
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The interaction effects between ethnic and national/geographical cultures on GD 
are complex mechanisms that are increasingly investigated through acculturation 
research [94, 95]. It is essential that our understanding of cultural differences is not 
constrained to defining cultures through concepts of ethnicity but encompasses the 
diversity of cultural values and beliefs in an increasingly globalised environment 
sparked by multi-generational migration. A match between ethnic cultures with per-
missive views of social gambling (e.g. Chinese and Korean cultures) and increased 
availability or accessibility of gambling venues in Western countries may further 
exacerbate risk of GD development [16]. Results from the US NESARC evidenced 
that second- and third-generation immigrants and nonimmigrants (native born 
Americans) were more likely to report PG, as compared to first-generation immi-
grants [96]. In other words, new migrants from CALD communities were least 
likely to report disordered gambling behaviour as compared to other groups. These 
patterns may be attributed to acculturation effects, where children of first- generation 
migrants may adjust their behavioural responses to match dominant culture and 
expectations [94]. These findings are interesting because the majority of past quali-
tative and quantitative studies on CALD populations have consistently reported 
higher GD prevalence rates among ethnic minorities (e.g. [97, 98]), in which signifi-
cant cross-cultural differences in GD propensity may be partly attributed to statisti-
cally collapsing group effects of multi-generational immigrants.

On a familial level, cultural values and beliefs on social gambling and GD are 
passed on to younger generations through social learning and modelling of cogni-
tive behavioural responses [1, 99]. Lower family functioning and social support are 
significantly associated with moderate risk and PG behaviour in a longitudinal- 
designed Canadian sample [100], highlighting the importance of family culture in 
GD propensity. Family members of treatment-seeking Chinese gamblers are con-
stantly reported to have higher psychological distress and coping mechanisms that 
match Chinese cultural method of dealing with adverse circumstances [101]. Hence, 
ethnic cultural values and coping styles are evident in family systems and utilised 
similarly in GD behaviour. In a nationally representative sample, Italian adolescents 
who perceived higher parental knowledge of adolescent’s life and whereabouts—
indicative of higher parental involvement—were less likely to approve positive 
gambling beliefs, consequently contributing to lower gambling frequency [102]. 
Similarly, in a Macau sample, positive familial monitoring was a significant mod-
erator of the relationship between lower risk-taking propensity and gambling cogni-
tions [103]. Indeed, cultural values and beliefs transferred through family systems 
are important processes from which future investigations can expand on.

13.3.2  Culture, Motivations and Gambling Patterns

There are several ways in which cultural values and beliefs can influence gambling 
motivations and consequently patterns of gambling behaviour. Differentiated self- 
construal, construal of others and degree of interdependence between self and oth-
ers [104] influence how individuals from varied cultures experience gambling, 
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including gambling-related cognitions and motivations. It is traditionally viewed 
that in cultures that thrive on individuality and independence (e.g. Western cul-
tures), gambling motivations will more likely include self-originated precipitant 
and maintenance factors such as sensation seeking, comorbidities with other addic-
tions and gambling as means of remediating boredom or loneliness and means of 
escaping negative emotions [105, 106]. Meanwhile, individuals from cultures that 
thrive on community and interdependence (e.g. some Asian cultures) will most 
likely gamble for socialisation reasons within community norms, learnt through 
modelling of family or friends’ behaviour [103] and for monetary gains [7, 107, 
108]. These associations are not dichotomies but will vary in a continuum together 
with other contextual and psychosocial factors, especially in an increasingly glo-
balised environment with merging of cultures and online access to gambling activi-
ties [109, 110].

Evidence suggests that gambling preferences and game types may vary between 
cultural groups. Results from Thailand’s National Mental Health Survey indicated 
that 69.5% of the Thai population reported strongest preferences for lotteries [111]. 
Highest preferences for Lotto (New Zealand lotteries) were evident in all ethnic 
groups from the New Zealand National Gambling study on 6251 randomly selected 
households [112]. However, Maori and European adults reported highest frequency 
of participation in animal betting, Pacific Islanders in casino electronic gaming 
machines (EGMs) and Asians in casino table games and EGMs, as compared to 
other New Zealand cultural groups. Nevertheless, it has been argued that structural 
characteristics of gambling activities are stronger predictors of PG than generalised 
categorisations according to game types [113]. While game types and patterns are 
interesting avenues to identify at-risk cultural groups, it is worthwhile for future 
preventive efforts to expand our understanding of culture-mediated risks based on 
strategic versus non-strategic gambling activities [114], and specific game charac-
teristics such as event and bet frequency, event duration and payout interval.

13.3.3  Culture, Gambling Recovery and Help-Seeking Behaviours

Numerous researchers have reported that certain CALD groups (e.g. Chinese, 
Korean, Arabic and Vietnamese) are less likely to seek PG treatment [1, 115, 116]. 
A number of factors have been suggested for this reduced treatment seeking among 
certain CALD groups including cultural mistrust, feelings of shame, stigma, lan-
guage barriers, lack of recognition of problem severity and limited availability or 
awareness of culturally sensitive or cost-effective treatment facilities [14, 17, 117–
119]. The process of recovery in CALD communities often times begins within the 
family and cultural community, as confidentiality, trust and rapport are important 
determinants of help-seeking behaviour and treatment retention. Some CALD pop-
ulations (e.g. Chinese, Croatians and Indigenous Australians) demonstrated a ten-
dency to rely on self, family and community to deal with PG [15, 115, 117, 119]. 
Thus, if family and community members have knowledge and awareness of PG and 
treatment options, they may effectively assist at risk and PGs [15].
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Recovery, GD experiences and the rebuilding of self-construal and construal of 
others are reliant on culturally appropriate methods of prevention and treatment 
approaches [120]. The positive role family members play in professional help seek-
ing has also been noted by researchers. For instance, Choong et al. [121] found that 
in a Malaysian sample, family members and loved ones are important catalysts in 
the initiation of help-seeking behaviour and the inclusion of family members (when 
appropriate) is beneficial to the recovery process. Recent evidence form a Spanish 
treatment evaluation found that the inclusion of a concerned significant other (CSO) 
into usual CBT treatment significantly improved attendance, adherence to recovery 
guidelines and retention rates, contributing to reduced relapse incidences, especially 
when including spousal CSO [122].

13.4  Implications in Relation to the Prevention 
and Treatment of PG

The above findings have important implications in relation to the prevention and 
treatment of gambling problems for CALD individuals.

13.4.1  Preventive Implications

A focus on prevention strategies would be a cost-effective approach to try to reduce 
gambling among at-risk CALD groups. Considering the barriers to treatment seeking 
such as low awareness or recognition of PG among certain CALD groups, one preven-
tive measure is to provide information/psychoeducation to improve awareness and 
knowledge of PG, the negative consequences of gambling and the risk factors associ-
ated with gambling [4, 15, 123, 124]. Furthermore, there is also a need to increase 
knowledge of treatment options/services for CALD PGs as this may normalise help 
seeking and consequently encourage treatment seeking among these groups [1].

As many CALD gamblers seek assistance from family or community members 
[17, 123], these educational programmes need to widen target group beyond gam-
blers to include family and community members. An increase in concerned signifi-
cant others (CSO) knowledge of gambling problems and possible treatment services 
may enable them to recognise if a distressed gambler or another CSO is suffering 
due to a PG. Being equipped with basic strategies to control or stop gambling espe-
cially at an earlier stage of gambling may further lead CSOs to encourage CALD 
PGs to seek treatment before the problems worsen. These programmes will assist 
CSOs to obtain support and guidance while supporting the gambler through recov-
ery, even before the gambler is ready to seek professional treatment.

Strategies to persuade vulnerable CALD individuals to seek treatment are also 
important, especially given the aversion to help seeking among certain CALD 
groups. In order to encourage CALD PGs to access treatment services, information 
on PG and treatment services needs to be available and accessible to them in multiple 
languages and via several platforms. This would include making them available 
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online on relevant ethnic websites as well as leaving information (e.g. pamphlets) in 
places they frequent (e.g. relevant community centres, various cultural celebrations/
festivals/gatherings/meetings, ethnic food stores/restaurants, senior citizens clubs as 
well as waiting area of health professionals they are likely to see) [1, 17]. Publication 
of articles on PG, its consequences as well as treatment (and places to obtain treat-
ment) in relevant languages in cultural newspapers or publications, ethnic radios and 
TV would also be useful [1, 17]. Highlighting the availability of bi- or multilingual 
relevant ethnic community workers or treatment will help attract CALD PGs to treat-
ment [1]. Having free help available via a telephone or Internet helpline [124] where 
users can access information about PG and treatment options or further access to clini-
cians who provide intervention in their preferred language [17] would be beneficial.

Early detection is a key to successful treatment outcome. Thus, it will be benefi-
cial to educate targeted frontline workers who deal with vulnerable individuals from 
CALD groups on PG, recognition of early PG signs and guidance on appropriate 
treatment services. As high rates of gambling and PG are reported for some CALD 
youth, education and training to teachers, school psychologists or guidance counsel-
lors can assist in enabling early intervention for at-risk youths. General practitioners 
(GP) training is especially important as many CALD groups (e.g. Asians) are more 
likely to consult with their GP for physical problems manifested from gambling- 
related behaviour [17] and are more willing to accept assistance from medical prac-
titioners rather than psychologists due to social acceptability, expectations and 
preferences for medical remediation for health-related problems [119]. Such educa-
tion and training can be provided to other health professionals (e.g. mental health 
and allied health professionals) who work with CALD individuals regularly. Other 
frontline workers include welfare groups, legal and debt agencies where gamblers 
may frequent when experiencing gambling-induced financial issues.

More acculturative assistance to vulnerable CALD groups can assist in adapting 
to host country through recreational and social opportunities as an explicit alterna-
tive to gambling [17]. Since migrants experience a number of deficiencies (e.g. 
language difficulties, or difficulties related to their qualifications not recognised in 
the host country) that can prevent them from accessing jobs that they may have been 
used to prior to migration, they may benefit from vocational training in language 
and job skills [1, 125].

Regardless of the type of prevention approach, all materials should be developed 
through consultations with community workers, leaders or experts from relevant 
communities to ensure programmes are culturally sensitive/appropriate [123]. 
These community leaders can effectively promote and distribute materials, as well 
as assist in promoting and implementing educational programmes among relevant 
at-risk community members.

13.4.2  Treatment Implications

There are a number of important treatment implications for CALD clients present-
ing to treatment. These relate to adequate assessment of CALD clients, design and 
implementation of culturally competent and effective treatment programmes to 
treat PG.
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13.4.2.1  Adequate Assessment of CALD Clients
Assessment is crucial in accurate diagnosis, case formulation and treatment plan-
ning [126]. When a CALD client presents to treatment for PG, a number of assess-
ment issues need to be considered. In the therapeutic setting, clinicians may need to 
assess and educate themselves about their client’s cultural background, the rele-
vance of gambling in that culture as well as any cultural ritual/practices or cultural 
beliefs that may be relevant to their gambling behaviours [1] to gain a better under-
standing of the role culture plays on the development and maintenance of their 
PG. It would also be beneficial for clinicians to learn about the CALD clients’ cul-
turally related beliefs about mental health problems as well as what may cause them 
[127]. Clinicians could utilise resources from the clients’ cultural background to 
gather information such as community members/experts/leaders, cultural literature 
or consulting professionals with similar cultural backgrounds [12].

There will be variations in the exerted influence of family and community mem-
bers on PGs of the same CALD group. A thorough assessment of the CALD clients 
needs to examine how gambling operates within their social-cultural context (i.e. 
their family and community) taking into account family and community behaviours, 
attitudes, perceptions and viewpoint towards gambling [77]. This is important as 
this will help establish impact of gambling on their family, the role of family mem-
bers in maintenance or lapse/relapse of gambling behaviour [1] and subsequently 
chances of a successful treatment outcome within the context.

Assessment of cultural factors would not be complete without considering 
CALD PGs social environment. Richard et al. [79] highlighted important social and 
environmental risk factors for gambling and PG among CALD individuals includ-
ing low socioeconomic status, lack of social/recreational activities and living close 
proximity to gambling opportunities. Thus, given the role environmental/social fac-
tors play in the development and maintenance of gambling, a thorough assessment 
of these factors is essential [79].

It would be useful for clinicians to examine family and social expectations/pres-
sures (related to their own culture and the host culture) felt by CALD clients as well 
as how they are coping with these expectations/pressures [1, 77]. For migrants, it is 
also important to assess their migration history/journey and how the client and fam-
ily members are adjusting to the new host culture in order to understand the role of 
migration in the development and maintenance of gambling, consequently identify-
ing skills needed to facilitate adaption [77, 128].

There are several important issues related to gambling assessment tools and con-
ceptualisation of gambling constructs among CALD clients. First, clinicians need to 
be careful in using assessment tools with CALD groups as most psychological mea-
sures to assess PG as well as gambling constructs (e.g. gambling cognitions, moti-
vations or urges) were developed using predominantly Western populations and 
may not be normed/validated for use in other groups [77]. Second, in relation to 
assessing GD among CALD clients using measuring instruments, we need to start 
looking at alternative ways of obtaining more valid measure of GD. Traditionally, 
measuring instruments that assess GD symptoms have been used to assess at-risk 
clients. Since a scale that assesses symptoms is being used to measure symptoms, 
there is a possible confounding effect. An alternative approach would be to use 
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measuring instruments that assess related variables that have been linked to 
increased risk of GD including impulsivity and gambling-related cognitions [6]. 
Thus, using validated measuring instruments to assess these variables (e.g. Gambling 
Related Cognitions Scale [1]) may be a more valid way to assess at-risk group for 
prevention work. Finally, any new instrument developed needs to be done in consul-
tation with relevant community experts so that the cultural meanings of the concepts 
assessed are considered and culturally appropriate tools are developed [123].

13.4.2.2  Designing and Implementing Culturally Competent 
and Effective Treatment Programmes for CALD PGs

Researchers have considered various therapeutic styles that may suit CALD PGs. 
Pharmacological interventions may be provided to CALD communities with min-
imal cultural adaptations in treatment provision without compromising on reten-
tion rates due to the fact that CALD individuals prefer medical-based and 
physically tangible treatments over psychological therapy [59]. Treatment pro-
grammes that target both medical and psychological problems [129] may also 
help attract and maintain CALD PGs in treatment. The recurring effectiveness of 
integrating family coping strategies in gambling recovery among culturally 
diverse groups suggests that it is essential that we carefully integrate and support 
family members and CSOs while engaging with recovering PGs [101, 130]. It 
might be useful to work with clients’ family members prior to seeing them in 
order to help decrease enabling and co-dependency behaviours, as well as reduce 
negativity felt for the gambler [119]. In some situations, family therapy may also 
be useful [1]. Richard et  al. [79] stated that interventions such as motivational 
interviewing may be appropriate for CALD gamblers as it acknowledges each 
clients’ values and autonomy. Furthermore, as it is brief in nature, it may be a 
cost-effective approach for those CALD clients with lower socioeconomic status 
[79]. Hettema et al.’s [131] meta-analytic study showed motivational interviewing 
was more effective for ethnic minorities compared to Caucasians. Cognitive 
behavioural treatment (CBT) has also shown to be successful in treating PG 
among the CALD groups [132–136]. Richard et al. [79] suggested using motiva-
tional interviewing to help CALD clients engage in treatment and gradually pro-
vide CBT strategies to treat their PG.

Treatment designers need to also consider treatment formats that best suit CALD 
PGs. Individuals that are not comfortable with seeking psychological intervention 
may be attracted to self-help approaches [15, 117, 119]. Unconventional self-help 
groups which are preferably facilitated by or in presence of a trusted community 
member (e.g. ethno-specific religions leader or respected community elder) and 
where there is more focus on encouragement, assistance, improving awareness and 
skill building rather than confrontation (similar to one suggested by Fong and 
Tsuang [119]) may be helpful. For those CALD PGs who do not easily share their 
difficulties due to stigma or shame, telephone counselling programme (e.g. one 
described by Parhami et al. [137]) may be appropriate [1, 17]. Accessing self-help 
treatment programmes via the Internet or through self-help treatment manuals/
books can be another alternative [79].
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Regardless of treatment format or therapeutic style used, any treatment pro-
gramme adapted for CALD PGs need to be culturally competent and sensitive. 
Griner and Smith [138] meta-analyses study reported that culturally adapted inter-
ventions were generally more effective, especially as treatments aimed at a particu-
lar CALD group were four times more effective than those that were delivered to 
mixed-CALD groups. To help modify treatment programmes to be more culturally 
competent/appropriate, a conference with leaders/experts from relevant communi-
ties would be essential [119]. A general sense of openness to investing in the devel-
opment of cultural competencies among key stakeholders (policy developers, 
treatment providers, industry, etc.) is important in successfully reaching out to PGs 
and families.

There is only a handful of researchers who have reported on the effectiveness of 
culturally adapted treatment programmes for CALD PGs. Wong et al. [136] made a 
number of changes to a CBT programme including worksheet/discussion on cultur-
ally related gambling triggers (opportunities to test their luck, win money quickly or 
recoup losses) as well as culturally related cognitions (e.g. illusion of control, 
beliefs in luck) for Chinese PGs in Hong Kong. Those who received ten weekly ses-
sions of individual counselling and group CBT (debt, supportive, grief and/or crisis 
intervention) reported greater reduction in gambling severity/frequency than the 
control group (only individual counselling). Okuda et al. [134] reported success-
fully treating a 51-year-old female afro-Caribbean immigrant with GD by modify-
ing CBT techniques. Direct labelling of certain beliefs as irrational and challenging 
these beliefs may not be useful nor culturally appropriate for this client as it could 
be viewed as minimising the client’s cultural beliefs [134]. They suggested instead 
subtly and gradually questioning the clients’ beliefs. In relation to relapse preven-
tion, they suggested teaching such clients to be assertive may not work if their fam-
ily is a trigger. Thus, for such clients, discussing how they can set limits within their 
family and culture can assist the client to obtain more effective support from their 
family members.

A number of researchers have made suggestions in how to maintain CALD cli-
ents in treatment which can be relevant for treating CALD PGs. Therapeutic alli-
ance can be improved by normalising CALD treatment experiences and reducing 
any stigma associated with mental health problems and their treatment via tech-
niques such as education and empathy [127]. As therapy may be foreign to certain 
CALD clients, there needs to be a discussion on what therapy involves, roles and 
responsibilities of both clinician and clients in therapy and clients’ treatment expec-
tations in order to reduce treatment dropout [127]. Clinicians need to be mindful of 
the order and timing of treatment strategies used/implemented to help improve 
CALD clients’ motivation to make changes (e.g. concentrating on problem-solving 
prior to commencing cognitive therapy) [127]. Given the collectivistic nature of 
some CALD groups, some CALD clients may not be comfortable to concentrate on 
individual goals, so clinicians need to ensure treatment goals are compatible with 
collectivistic goals/viewpoints [77]. Clinicians can combine cultural beliefs in treat-
ment by using cultural metaphors, narratives, doctrines and teachings to help build 
rapport and help them understand concepts in intervention and thereby improving 
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involvement in treatment [127]. For some CALD clients (e.g. Chinese) given their 
preference for goal- or solution-focussed tasks, in-session or homework exercises 
may need to be adapted accordingly [127, 139].

There are also a number of important interventions that treatment designers 
should consider including in treatment programmes for CALD PGs. Erroneous 
gambling-related cognitions (e.g. gambler’s fallacies and superstitions that perpetu-
ate betting behaviour) and motivations (e.g. gambling as means of earning quick 
money and increasing sense of belongingness) sparked by acculturative stress [95] 
should be addressed in prevention and treatment programmes, though these factors 
may not necessarily be presented clearly at initial intake. Treatments may need to 
focus on improving CALD clients’ self-esteem and confidence so that they are bet-
ter able to adapt to the host country rather than be attracted to gambling as means to 
improve their financial situation and standing [125]. Helping the family develop 
effective communication skills may help decrease intergenerational conflict [127]. 
Providing advice on coping with gambling-related debt or helping link such clients 
to organisations that help them deal with the debts and liaise with any debtors (espe-
cially those that have access to ethno-specific workers or translators) may be helpful 
for some CALD PGs.

A number of researchers have reported lower attrition rates for bicultural treat-
ment programmes [140, 141]. Some researchers have also discussed increased 
utilisation of treatment services by ethnic minorities that had a bicultural pro-
gramme [142]. Helping immigrants to become biculturally competent rather than 
adapt to the host country while giving up their cultural connections could help 
avoid acculturation problems and maintain useful cultural values [12, 127]. Fong 
and Tsuang [119] however highlighted that having multicultural programmes or 
providing clinicians with such cultural training can be difficult to achieve given 
lack of funding treatment services often usually encounter. In such situations, treat-
ment providers may need to incorporate gambling assistant with already available 
treatment services [123], access already existing ethno-specific material using the 
Internet [119] or utilise existing services within the clients’ community such as 
transport, financial, legal, language or other social services [12]. For treatment 
programmes that are not specific to CALD populations, other changes may need to 
be made to ensure CALD PGs are comfortable including using adequate signs for 
all programmes in different languages and having ethno-specific reading material 
in the waiting area [1].

Griner and Smith [138] meta-analyses study also reported that treatment deliv-
ered in CALD clients’ non-English native language was twice as effective as those 
delivered in English. Some researchers have suggested that employing bi- or multi-
lingual clinicians could help increase referral rates of CALD populations to treat-
ment programmes [119, 142, 143]. This, however, may not always be practical. In 
these situations, clinicians could discuss with CALD clients their linguistic capa-
bilities, emphasising their eagerness to assist despite these limitations and brain-
storming with clients options such as bringing in significant others or other 
translators when discussing crucial subjects, using dictionaries or images to illus-
trate treatment concepts and/or speaking in a slower and clearer manner [144].
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As important as it is for clinicians to be aware of the cultural background, beliefs, 
values and needs of CALD clients, it is also vital for them to be aware of their own 
personal and cultural values/biases as well as cultural stereotypes so that they do not 
interfere in working with different cultural groups [128]. Clinicians need to be care-
ful about making stereotypical statements, generalisations and assumptions that can 
be offensive for some CALD clients [127]. Furthermore, even though considering 
clients’ culture is essential in devising adequate treatment plans for CALD PGs, 
clinicians need to also acknowledge that there are individual differences between 
clients within a particular group so what may work with one individual from a par-
ticular CALD group may not for another in the same CALD group [144, 145]. 
Consequently, individualised assessment and treatment plan remains important 
[127, 128].

13.5  A Second Look at the Roles of Culture in Gambling

It is now generally accepted that culture plays important roles in the development, 
maintenance and treatment of many psychological and psychiatric disorders [1, 7, 
59, 127, 130, 144]. The earlier sections of this review demonstrated there is enough 
evidence to support the importance of culture in our understanding and treatment of 
problem gambling. Although the positive and beneficial effects of culture and psy-
chopathology and psychotherapy have been widely discussed, the negative or down-
side of the roles of culture in mental health and illness are seldom presented or 
discussed [130, 146]. Our intention of presenting the negative or the downside of 
culture in mental health and illness is not to decry the positive aspects of the prog-
ress already achieved but to alert readers that we need to watch out for the unin-
tended negative aspects so that we can be more alert and ready to make sure that 
further progress can be made and that patients in the CALD would benefit more. 
Some of the major negative aspects in this context are outlined below:

 1. A major downside is the lack of consensus in the definition of “culture”. In the 
literature, the concepts of nation, ethnicity, race, religion, shared cognition, 
shared experiences, values, beliefs and behaviours are used interchangeably as 
culture. It is clear that nations, ethnicity and race can have some characteristics 
of culture, but they cannot be the same as culture [147].

 2. There is a lack of a comprehensive theory outlining how “culture” operates and 
contributes to the psychopathology of mental illness and treatment outcome of 
psychotherapy. It is still unclear how the mechanisms of culture influence the 
existing theoretical constructs of known psychopathology of mental illness. For 
example, it is still unclear how culture interacts with Beck’s cognitive triad in the 
psychopathology of mood disorders and also the treatment outcome of cognitive 
behaviour therapy. Similarly, evidence is sparse on how culture interacts with 
biochemical imbalance theory to impact mood disorders.

 3. The psychological literature presents culture as if it is an “all “or “none” concept 
in a person. For example, a person is having an “individualistic” or a “collective” 
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cultural value. Also, it is assumed that once a person is determined as having a 
collective cultural value, that person holds the same value on most if not all of 
the issues. Research has shown that cultural value of a person is much more 
complex. A person can have a collective value for dealing with family issues but 
a capitalistic cultural value for dealing with financial matters. Similarly, a person 
can hold individualistic value at time 1 (e.g. young adult) but not at time 2 (e.g. 
old age).

 4. It is now accepted that both individual and group psychotherapies are effective 
in the treatment of many psychological disorders. Equally, there is now plenty of 
literature showing the positive impact of culture in the conceptualisation and 
treatment outcome of individual psychotherapy. However, what roles do culture 
play in group psychotherapy treatment outcome, in particular group CBT, are 
still unclear as there is a lack of theoretical knowledge and empirical evidence in 
this area.

Current literature shows that culture plays an important role in our understanding 
and treatment of many psychological health and illness, including GD. However, 
there are unintended negative consequences that are seldom presented and openly 
discussed. It is hoped open discussions on these possible negative consequences 
will lead to further improvements and refinements on the positive roles on culture 
on psychopathology and psychotherapy. Perhaps one way of moving forward is to 
strengthen the contribution of culture further in the treatment of psychological prob-
lems but also be fully aware of the importance of individual differences in case 
formulations. In this way, both important cultural variables are assessed as unique 
individual differences for a client can be formulated using strong scientific method-
ology already existed in the literature. This, however, does not address the situation 
in group psychotherapy. Further, advances in this area are needed in the future.

13.6  Concluding Remarks

Despite some limitations in the studies, high rates of GD have been found for CALD 
individuals. Considering the role cultural variables in the development and mainte-
nance of gambling, it is essential that treatment service providers are culturally 
competent and positively engage with key community and/or religious leaders to 
effectively reach out to multilingual and diverse groups, whereby online and hard- 
copy information sheets are made available in multiple languages. We acknowledge 
the fluidity of the concept of culture and our limited understanding of how culture 
specifically operates in psychopathology and psychotherapy. Thus, as a whole, cul-
tural perspectives in GD require consistent evidence-based investigations and itera-
tions, reflecting the fluidity of our concepts of culture and cultural norms in our 
increasingly globalised environments.
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The landscape of gambling internationally has continued to evolve at an unprece-
dented rate. While traditional land-based gambling continues to flourish (e.g., casi-
nos, racinos, card rooms, lotteries), technological advances have enabled more and 
more individuals to wager from the comfort of their own homes. Never before have 
there been such a multiplicity of different types of gambling activities that are easily 
accessible and readily available. Globally, gambling during the past decade has rep-
resented one of the fastest changing and growing industries in the world, with tech-
nological developments creating new innovative forms of gambling (e.g., fantasy 
and daily fantasy sports, skins gambling based upon skilled interactive games). 
While some jurisdictions (e.g., Atlantic City) have shown declines in gambling rev-
enues, much of these revenues can be accounted for by increases in gambling 
opportunities in neighboring states. In other jurisdictions, for example, Macau, 
sociopolitical restrictions have limited the frequency of casino visits, ultimately cur-
tailing revenues. In spite of these few blips, gambling continues to expand interna-
tionally. Gambling opportunities have become so prolific and widespread that it is 
difficult to find jurisdictions in which some form of gambling is not government 
controlled, regulated, organized, or owned, and even in jurisdictions without regu-
lated forms of gambling, non-regulated gambling (e.g., among peers or online gam-
bling) continues to flourish. Internationally, gambling continues to be viewed as a 
socially acceptable form of entertainment in spite of the acknowledged social, 
familial, and personal costs associated with excessive problematic gambling.
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14.1  Adolescent Gambling

Most often considered an adult activity, there is a plethora of research suggesting 
gambling’s popularity among adolescents (see [1–4]). This is likely a result of gam-
bling’s general social acceptability, governmental endorsements, advertisements, 
the allure associated with casinos, technological advances for easy accessibility, 
parental acquiescence, and the way in which gambling has been positively por-
trayed in the media. With television shows and movies depicting gambling’s glam-
our and excitement (e.g., 21, Runner Runner, Casino Royale, The Gambler, CSI Las 
Vegas, etc.) and televised world championship poker tournaments where young 
people win millions of dollars (recent World Series of Poker multimillion-dollar 
tournament winners have most often been in their 20s), gambling has become com-
monplace among youth. In spite of the fact that almost all jurisdictions have legisla-
tive statutes prohibiting children and adolescents from engaging in regulated forms 
of gambling (e.g., lottery, casinos, horse racing, machine gambling, online wager-
ing), many young people continue to be actively engaged in both regulated and 
non-regulated (e.g., card games and sports wagering among peers, fantasy sports 
leagues, etc.) forms of gambling.

Prevalence findings examining youth gambling behavior have consistently 
revealed that adolescents (12–17 years of age) have managed to participate, to 
some degree, in practically all forms of social, government-sanctioned, and non-
regulated gambling activities available in their homes and communities [1, 2, 4]. 
Typical forms of gambling among teens include card playing for money (poker, 
while waning, is still popular), sports wagering, dice, and board games with fam-
ily and friends; betting with peers on games of personal skill (e.g., pool, bowling, 
basketball, and other sports); and arcade or video games for money and purchas-
ing lottery tickets (especially scratch tickets). While a number of adolescents 
report engaging in other forms of gambling, including gambling in bingo halls 
and cardrooms and gambling on electronic gambling machines (slot machines, 
video poker machines, sports wagering through a bookmaker, wagering via 
Internet gambling sites), gambling on these types of activities are often age and 
accessibility dependent ([3–8].

In general, adolescents’ gambling behavior has often been found to be dependent 
upon a number of factors including local availability/accessibility of games, the 
geographical proximity of gambling venues, the individual’s gender (males gamble 
more frequently, wager larger amounts of money, and are typically more actively 
engaged in sports wagering, whereas female adolescents have been shown to prefer 
lottery ticket purchases and bingo), and age restrictions (age regulations in certain 
jurisdictions vary considerably and are often dependent on the type of gambling 
activity). For example, lotteries typically require a lower age than the age required 
to access a casino, with older teens and young adults preferring machine gambling, 
poker, and casino playing. There is also research suggesting one’s cultural back-
ground and heritage, when controlling for accessibility, can influence adolescent 
gambling prevalence rates (see [4, 7, 9].
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While there is ample research suggesting that adolescents typically have gam-
bled for money sometime before reaching 18 years of age, most teens do so occa-
sionally with few experiencing gambling-related problems. Youth gambling, 
similar to adult gambling, can be viewed on a continuum ranging from non-gam-
bling to social/occasional/recreational gambling to problem/pathological/disor-
dered gambling. Within the adolescent gambling literature, the terms social/
occasional/non-problematic/recreational gambling have typically been used to 
denote occasional infrequent gambling. Adolescents deemed at risk for a gambling 
problem typically endorse a number of gambling-related problems on gambling 
diagnostic screens but fail to reach clinical criteria. Those individuals experiencing 
significant gambling-related problems, disordered, problem, pathological, or com-
pulsive gambling, reach the clinical diagnostic criteria. Their gambling behaviors 
typically result in severe psychosocial, behavioral, economic, academic, interper-
sonal, mental health, and legal difficulties. It should be noted that youth exhibiting 
a gambling disorder often have a variety of concomitant mental health issues. For 
some, mental health issues drive these adolescents to gambling as a form of escape, 
while for others their gambling problems actually result in increased mental health 
disorders.

14.2  Adolescent Problem/Disordered Gambling

There is a large body of research suggesting that adolescents, as a developmental 
group, constitute a high-risk population for multiple risk-taking and addictive 
behaviors, including gambling problems ([1, 3, 4, 8–12]. Volberg et al. [4], while 
noting significant methodological differences in prevalence studies, concluded that 
between 60% and 80% of adolescents report having engaged in some form of gam-
bling for money during the past year (age and accessibility dependent), with the vast 
majority of these adolescents being social, recreational, and occasional gamblers. 
However, reviews of prevalence studies of adolescent problem and disordered gam-
bling have revealed that between 2% and 8% of adolescents report experiencing 
serious gambling problems with another 10–15% being at risk for the development 
of a gambling problem [4]. A recent analysis of international studies since 2000, 
with emphasis on European research, suggested that between 0.2% and 12.3% of 
youth meet the criteria for problem gambling [1]. These variability rates are often 
highly dependent upon different methodological approaches (e.g., instruments, dif-
ferent cut scores, use of different numbers of items, translations of instruments, 
timeframes) as well as accessibility and availability of gambling opportunities. 
There are also a number of recent longitudinal studies [13] that seem to suggest that 
disordered gambling may not be a stable construct over time for all individuals, with 
some individuals going from problem/disordered gambling to recreational/occa-
sional gambling, while for others this can be a lifetime disorder. Examining the 
timeframe for disordered gambling remains quite important (e.g., past 6 months, 
past year, or lifetime gambling results in different prevalence rates). This also attests 
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to the findings that lifetime disordered gambling rates are always higher than past 
year rates (some adolescent studies have looked at past 3 months).

Overall, given our current knowledge and reliance on existing screening instru-
ments, there remains substantial evidence to suggest that adolescent prevalence 
rates of disordered gambling are considerably higher than that of adults. Yet, in spite 
of the increased diversity of gambling activities, increased technological advances, 
and increased availability and accessibility, the prevalence rates of disordered gam-
bling among our youth have remained fairly constant during the past two decades. 
Nevertheless, two important facts are necessary to note: (a) the population of young 
people during the past two decades has increased, thus resulting in an increase in the 
absolute number of youth experiencing gambling problems in spite of relatively 
stable prevalence rates, and (b) the concomitant behavioral, familial, social, educa-
tional, mental health, economic, and legal problems associated with adolescent dis-
ordered gambling will have not only short-term but lifetime implications [3, 14–23]. 
It remains important to note that pathological/disordered gamblers do not constitute 
a homogeneous group (e.g., sports gamblers are often different from poker players 
who are different from casino gamblers) and that some forms of gambling, impacted 
by their structural or situational factors, may be more problematic and symptomatic 
of problem gamblers (e.g., slot machines and electronic gambling machines have 
been called the “crack cocaine” of gambling and are designed to result in repetitive 
play [24]).

14.3  Understanding Adolescent Problem/Disordered 
Gambling: A Precursor to Prevention

As previously noted, while a substantial proportion of youth engage in occasional 
gambling, it is only a relatively small percentage who go on to experience signifi-
cant gambling and gambling-related problems. Yet, for these individuals and their 
families, the negative consequences are pervasive, with many experiencing a wide 
range of multiple disorders (e.g., alcohol and/or drug use disorder, nicotine depen-
dence, mood disorders, anxiety disorder, personality disorders, impulsivity, depres-
sion, and delinquency) [21, 23, 25]. There is also evidence that these youth score 
more poorly on measures of resilience and coping in the face of adversity [26, 27]. 
Given the multiplicity of concomitant mental health issues, a more general mental 
health approach to prevention may be important.

Individuals with gambling problems typically report having a preoccupation 
with gambling; multiple attempts at recouping losses; increasing wagers; lying to 
family members and peers about their gambling; a perceived illusion of control; 
an inability to understand random events; and high levels of anxiety, impulsivity, 
and/or depression when trying to reduce their gambling. For many of these youth, 
gambling represents a coping strategy in order to escape daily problems (famil-
ial-, peer-, and school-related) [28]. The need for increased money often leads 
these youths to borrowing increasingly large sums of money from peers, family 
members, and loan sharks and/or criminal behaviors. Understanding the early 
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warning signs of problem gambling can help deter youth from further gambling 
before their indebtedness becomes excessive.

There is little doubt that attention to the prevention of a gambling disorder as 
well as other mental health and behavioral disorders is important. A report from the 
National Research Council and Institute of Medicine concluded that there is emerg-
ing evidence for the cost-effectiveness of prevention initiatives for multiple mental, 
emotional, and behavioral disorders. We have long argued the potential value of 
prevention of gambling and other addictive disorders among youth but have stated 
that these programs should be evidence-based [3, 16].

14.4  The Correlates and Risk Factors Associated 
with Problem Gambling

Given youth problem or disordered gamblers are not a homogenous group, there is 
no single constellation of risk factors predictive of a gambling disorder. Nevertheless, 
considerable research during the last 25 years has focused on identifying those risk 
factors associated with excessive gambling problems and has identified possible 
protective factors as a way to minimize problems through early prevention strate-
gies and clinical interventions [3, 23, 29–33].

Gupta et al. [34] and Derevensky [3] have suggested that adopting a bio-psycho-
social-environmental framework may serve to promote a better understanding of 
the onset and developmental course of gambling problems. Addressing these cor-
relates will likely enhance the robustness of prevention initiatives. Reviews by 
Derevensky [3] and Shead et al. [23] point to a wide range of empirical studies 
suggesting (a) gender differences (males tend to gamble more frequently, make 
larger wagers, have an earlier age of onset, engage in a wider variety of gambling 
behaviors, and report more pervasive gambling problems). Additionally, males 
report a preference for sports betting and wagering on games of skill, while females 
prefer gambling on the lottery and bingo; (b) youth with gambling problems fre-
quently report having parents who gamble excessively, engage in other addictive 
behaviors, and/or have been involved in illegal activities; (c) for older adolescents, 
one’s peer group plays an important role in endorsing or promoting gambling, and 
adolescent disordered gamblers report having friends with similar gambling inter-
ests; (d) youth with a gambling disorder report having positive attitudes toward 
gambling and perceive it to be a socially acceptable pastime; (e) while youth with 
gambling problems understand the negative consequences associated with exces-
sive gambling, they don’t view themselves as having a gambling problem; (f) risks 
associated with disordered gambling are viewed as a long-term consequence and 
not of immediate concern; (g) cultural, ethnic, and regional differences have been 
shown to impact disordered gamblers; and (h) problem gamblers who score higher 
on measures of excitability and extroversion tend to have difficulty conforming to 
societal norms, and experience difficulties with self-discipline, have been shown to 
exhibit higher state and trait anxiety scores, are more impulsive, are greater risk 
takers, and are more self-blaming and guilt prone. Adolescent disordered gamblers 
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have multiple mental health issues, including being at heightened risk for suicide 
ideation, suicide attempts and risky behaviors.

14.4.1  Protective Factors

A limited number of studies have focused on identifying the protective and buffer-
ing factors thought to reduce and/or minimize the incidence of adolescent disor-
dered gambling. While there exist some unique risk factors associated with problem 
gambling compared with other adolescent high-risk and addictive behaviors, 
Dickson-Gillespie et al. [16] in a comprehensive study concluded that family cohe-
sion played a significant role as a protective factor. There is also evidence that famil-
ial and peer disapproval of gambling may be a reliable protective factor. In a number 
of studies, resilience has been shown to be a possible protective factor for youth 
gambling problems and other adolescent high-risk behaviors [27].

14.5  Prevention of Gambling Problems

Unlike prevention programs developed to help prevent substance abuse and depen-
dency as well as a number of other mental health issues, prevention programs aimed 
to minimize disordered gambling have been hindered by a number of factors, myths, 
and common misconceptions including that (a) age restrictions on government-reg-
ulated gambling activities deter and prohibit adolescent participation, (b) disordered 
gambling is an adult disorder and as such underage individuals cannot have gam-
bling problems, and (c) adolescents have little available discretionary funds for 
gambling. In spite of these misconceptions, the international prevalence research of 
youth disordered gamblers all point to addressing youth gambling within a social 
and public health policy framework. Historically, the focus in prevention research, 
in general, was initially to identify risk and vulnerability factors among at-risk pop-
ulations. However, the identification of risk and vulnerability factors by themselves 
has been limited for prevention efforts since a large number of these factors are dif-
ficult to minimize (e.g., poverty) or identify (e.g., sexual abuse), as well as the fact 
that many high-risk youths never actually develop the anticipated negative behav-
iors. As a result, an attempt to identify variables and interactions between variables 
that might act as buffers or protective factors to counteract the risks associated with 
aberrant behavior has been postulated.

Predicated upon the belief that preventing mental health and substance use disor-
ders and related problems in children, adolescents, and young adults remains criti-
cal to one’s physical health and emotional well-being, early intervention is thought 
to have a better chance of reducing/minimizing the risks associated with mental 
health and substance use disorder. Thus, understanding the risk and protective fac-
tors of a specific disorder enables one to develop more effective prevention strate-
gies. Williams et al. [35] argued that social scientists need to strive to develop Best 
Practices for programs and their implementation. Such policies could include (a) 
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information dissemination, (b) education, (c) provisions for alternative activities, 
(d) strict regulatory and environmental policies and local community-based assis-
tance, (e) the identification of high-risk individuals and activities, and (f) interven-
tion for both high-risk individuals and those in need of treatment. While this sounds 
relatively simple, Ammerman et al. [36] suggest that potentially threatening public 
health challenges are indeed complex and that effective universal programs are dif-
ficult to develop.

14.5.1  Abstinence Versus Harm-Minimization Approaches

When addressing gambling prevention programs for youth, prevention approaches, 
in general, can be conceptualized as falling into two general categories: those 
emphasizing abstinence or those promoting harm minimization (sometimes referred 
to as harm reduction). While these two categories are not necessarily mutually 
exclusive, prevention programs for each of these approaches are predicated on dif-
ferent goals and processes. A harm-reduction framework incorporates policies, pro-
grams, or strategies that help individuals to reduce the harmful, negative 
consequences incurred through involvement in a risky behavior without requiring 
abstinence [30, 37]. In most jurisdictions, youths are typically (legally) prohibited 
access to government-regulated gambling venues, supporting an abstinence 
approach. However, the question remains as to whether abstinence is a realistic goal 
for youth when the research clearly suggests that the majority of adolescents report 
having gambled for money on one or more activities (some on regulated forms of 
gambling, while others report gambling among peers) and a growing body of 
research reveals that parents do not particularly view gambling among their under-
age children as being highly problematic [38]. This highlights both the paradox and 
the confusion as to which primary prevention approach to promote abstinence or 
harm reduction.

14.5.2  Harm-Minimization Programs

Universal adolescent harm-reduction programs are intended to modify inappropri-
ate attitudes toward risky behaviors, enhance resilience and positive decision-mak-
ing, as well as educate youth about the short- and long-term risks associated with a 
particular behavior [39]. Most youth gambling prevention programs promote a 
harm-minimization framework and emphasize “responsible gambling” [39]. The 
fact remains that there is universal acceptance that the age of onset of gambling is a 
significant factor associated with problem gambling (the earlier one begins gam-
bling, the more likely they are to develop a gambling problem [4, 7, 11, 29, 30, 40]). 
As such, one salient approach, where feasible, is to delay the age of onset.

Most of the available gambling prevention programs designed for youth have 
typically incorporated a number of harm-minimization and educational objectives, 
including (1) highlighting the difference between games of chance and games of 

14 Preventing Adolescent Gambling Problems



304

skill; (2) educating participants about erroneous cognitions, probability, and the 
independence of events; (3) dispelling the myth of the “illusion of control” regard-
ing random events; (4) addressing issues of independence of events; (5) articulating 
the warning signs associated with problem gambling; and (6) providing resources to 
aid individuals either experiencing a gambling problem or who are at risk for a 
gambling problem [3, 41, 42]. Some more comprehensive prevention curricula seek 
to encourage the development of interpersonal skills, foster effective coping strate-
gies, provide techniques to improve self-esteem, and offer ideas for resisting peer 
pressure [39].

Comprehensive and substantive elementary- and high school-based prevention 
programs for problem gambling are relatively rare but in fact do exist [35]. However, 
it should be noted that independent of the type of prevention program, for any pro-
gram to be effective, it will require a sustained, multifaceted, and coordinated 
approach if it is to reach a wide range of youth. While this chapter is intended to 
discuss adolescent gambling prevention initiatives, it must be recognized that gam-
bling problems represent only one type of high-risk behavior and that such pro-
grams should be generally thought of within a larger context of mental health 
programs.

While there exists a limited number of prevention initiatives for youth (see [43]; 
the International Centre for Youth Gambling and High-Risk Behavior’s website 
www.youthgambling.com) (see Table 14.1), new forms of gambling, in particular 
online and mobile gambling, are making accessibility much easier. To compound this 
issue, we have online social casino games that simulate actual gambling activities 
with higher payout rates that may be encouraging individuals to gamble (see [44–
46]). The similarities between gambling and gaming have been articulated by 
Griffiths et al. [47]. These types of games could be breeding a new generation of 
gamblers. The Morgan Stanley report [48], on social gambling, suggested that social 
gambling offers the potential to “teach young people to gamble.” There is little doubt 
that such games actually normalize gambling among children and adolescents.

With the surge of online gambling, prevention experts have developed a number 
of online “responsible gambling tools” which include limit setting (both time and 
money), in-game informative messaging, self-appraisal quizzes, pop-up messaging 
reminding players of time and money wagered, enforced breaks in play, self-exclu-
sion procedures, behavioral tracking tools, and personalized feedback. It should also 
be noted that there are a number of research studies suggesting more problem gam-
blers among individuals gambling over the Internet than in traditional land-based 
forms of gambling (e.g., [18, 43, 49]). In a recent study, early mobile gambling 
among adolescents was found to be predictive of gambling problems among adoles-
cents [50]. These findings have led to the development, implementation, and evalua-
tion of programs focused on providing personalized feedback to gamblers as a 
prevention strategy. Auer and Griffiths [51], in a series of studies, attempted to exam-
ine whether or not a personalized feedback and information system given to players 
in real time while gambling online could in fact impact future gambling behavior. 
Their results suggest that providing personalized feedback incorporating normative 
measures may be an effective tool in modifying gambling behavior. As more and 
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more young people have smartphones, this represents a promising area for the devel-
opment of prevention initiatives (for a comprehensive discussion see Marchica and 
Derevensky [52]).

A wide diversity of information/awareness campaigns have traditionally focused 
upon encouraging individuals to understand their gambling limits, provided warn-
ings about the potentially addictive nature of gambling, enumerated the signs/symp-
toms/behaviors associated with problem gambling, provided information about 
where individuals can seek help for a gambling disorder, discussed the accurate 
mathematical odds associated with various gambling activities, dispelled common 
gambling fallacies and erroneous cognitions, and provided guidelines and sugges-
tions for problem-free gambling [43]. A number of interactive, educational 
CD-ROM and DVD games as well as PowerPoint workshop presentations have 
been developed to help educate young people (see www.youthgambling.com/pre-
venmtion). As well, educational programs targeting professionals such as individu-
als in the legal system (judges, attorneys) and physicians have been developed. Such 
resources have been shown to result in improved knowledge of gambling and prob-
lem gambling while helping to dispel some of the erroneous myths and cognitions 
surrounding gambling.

14.6  The Importance of Developing Responsible Advertising 
Policies and Guidelines

Although there is only a limited amount of information available concerning the 
specific impact of gambling advertisements on gambling behavior, youth are con-
tinuously bombarded by advertisements enticing them to “live the dream” or visit a 
destination casino. Never in any of these advertisements promoting gambling is 
there an accurate balance between the benefits associated with gambling and the 
risks and the potential problems associated with gambling. Rather, adolescents fre-
quently report that these advertisements depict individuals who are winning, happy, 
and excited. Youth report being bombarded through the Internet with pop-up mes-
sages enticing them to gamble and offers of sign-up bonuses with a growing number 
of online gaming operators using social media advertising to invite individuals to 
gamble money or to play on their free sites [53].

Young people, similar to adults, are resistant to enticing advertisements for all 
types of products. They see the newest trends, clothes, food products, and movies 
not to mention gambling advertisements (there is a reason cigarette and alcohol 
advertisements are prohibited). Adolescents report having a good knowledge and 
recall of popular gambling commercials, are familiar with the slogans of land-based 
casinos and lotteries, and easily remember the expressions of those who have won. 
In a study examining lottery playing among adolescents, while adolescents readily 
recall tickets being advertised, only problem gamblers were more likely enticed to 
purchase these tickets [54]. This further suggests that legislative policies concerning 
the minimum age to gamble must be strictly followed, monitored, and enforced. 
Few jurisdictions levy fines or remove licenses for selling lottery tickets to underage 
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minors, although fines are more common for underage play among land-based casi-
nos. St-Pierre et al. [55] found that only a moderate proportion of convenience store 
vendors (60%) were compliant with prohibiting underage youth from purchasing a 
lottery ticket in spite of legislative and regulatory statutes. Other strategies include 
prohibiting lottery products particularly attractive to youth. Currently, GamGard 
and ASTERIG, tools designed to assess lottery products for their appeal to vulner-
able populations, are being used by a number of lottery vendors internationally.

While a number of prevention programs exist primarily for adults (e.g., self-
exclusion, telephone “hotlines” and problem gambling call centers, limiting access 
to cash through ATMs, prohibition of credit, player card and behavioral tracking 
systems, forcing individuals to take a break in play, the incorporation of responsible 
gambling modifications to EGMs (electronic gambling machines), there is a real 
need for parental supervision and education both at home and in the classroom. In a 
series of studies, Derevensky and his colleagues found that among 13 potentially 
risky adolescent behaviors (e.g., drug and alcohol use, bullying, drinking and driv-
ing, etc.), gambling among teens was the least concerning activity as evaluated by 
parents, teachers, and even mental health professionals [38, 56–58] suggesting the 
need for further public awareness of the prevalence of youth gambling and the 
warning signs and consequences of adolescent problematic gambling.

14.6.1  Evaluating Prevention Programs

In the field of youth gambling prevention, there have been relatively few published 
evaluations of youth gambling prevention or intervention programs [59]. According 
to Ladouceur et al. [41] in their review of youth gambling prevention program, evalu-
ations concluded that the majority of the evaluative studies did not include measures 
of gambling behaviors or long-term outcomes. Short-term benefits of these preven-
tion programs point to improved knowledge and a reduction in misconceptions about 
gambling among youth [41, 60]. However, without follow-up evaluations and mea-
surement of gambling behaviors, it is unclear whether gambling behavior is actually 
impacted in the long term [41].

14.7  Some Final Thoughts

The landscape of gambling is continually changing with technological advances, 
new forms of gambling, and increasing ease of access. This changing landscape, 
with an emphasis on technological advances and new gambling opportunities 
(online and mobile gambling, fantasy sports), the inclusion of social casino games, 
and the normalization and social acceptability of gambling and the growing popu-
larity of e-sports wagering, represents a growing concern. Mental health specialists 
studying teens have long suggested that adolescence is a developmental stage 
marked by significant physical, social, cognitive, and emotional changes. The con-
tinued expansion of gambling, the glitz and glamour associated with gambling, and 
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the social acceptance of the industry’s expansion may result in more youth experi-
menting with gambling and ultimately more experiencing gambling-related prob-
lems. Whether these problems are short term or long term, the consequences can be 
quite severe. Researchers and clinicians have not yet realized Best Practices for 
treatment or prevention, and more longitudinal studies are needed.

Youth gambling, like many other adolescent risky behaviors, represents an 
important public health issue which needs to be addressed. Incorporating youth 
gambling into a public health framework [61, 62], using a multidimensional per-
spective recognizing the individual and social determinants, and simultaneously 
drawing upon health promotion principles, represent a plausible approach for 
addressing the issues of youth gambling and problem gambling. This issue is only 
beginning to gain attention.
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15Gambling Disorder: Future Perspectives 
in Research and Treatment

Nina Romanczuk-Seiferth, Marc N. Potenza, 
and Andreas Heinz

15.1  Gambling Disorder: Why It Needs More Attention

From a clinical viewpoint, the phenomenon of problem gambling is clearly a relevant 
public health concern. It is the first non-substance-use behavior formally recognized 
as a possible addiction by the American Psychiatric Association, appearing in the 
fifth edition of the organization’s Diagnostic and Statistical Manual of Mental 
Disorders (DSM-5) in 2013. It similarly is recognized by the World Health 
Organization in the 11th edition of the International Classification of Diseases (ICD-
11). However, its relevance to affected people and to society more broadly is rela-
tively independent of the scientific debate on the appropriate diagnostic criteria and 
its categorization within diagnostic systems. Basic learning theory and research on 
habit formation in addictions suggest that engaging in specific behaviors with high 
frequency at the expense of other activities and in spite of negative consequences 
increases the probability of developing related health problems [1]. For gambling-
related problems, very serious negative consequences, especially in social, 
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psychological, and financial domains, are common. Gambling-related problems 
often include missing work and losing jobs, impaired relationships with spouses and 
other family members, and large debts that may lead to bankruptcy. Suicidal thoughts 
or behaviors may be prompted by gambling losses. Further, psychiatric comorbidity 
is the rule, not the exception. It is estimated from community data that 96% of indi-
viduals with gambling disorder have one or more psychiatric disorders and that 64% 
have three or more such conditions [2]. The prevalence of gambling disorder is 
approximately 0.5% [2, 3], slightly less than psychiatric disorders like bipolar disor-
der or schizophrenia. The impact of gambling disorder extends beyond those with the 
disorder as family, friends, employers, and others are affected. Thus, gambling disor-
der is a significant mental health issue that unfortunately receives relatively rather 
limited attention compared with other disorders [4]. Due to its relevance to society, 
gambling disorder should be of interest not only to physicians, psychologists, and 
other mental health care practitioners but also to government agencies, which typi-
cally pay too little attention to gambling-related problems. Although the possible 
harms related to problem gambling are well-documented, there is not a widespread 
public call for a strict regulation or even prohibition on gambling. Gambling is typi-
cally seen as a legitimate leisure-time pursuit, which most people can enjoy without 
problems. However, in order to protect the freedom of how individuals spend their 
time while at the same time promoting public health, it is important to understand 
how best to regulate gambling and prevent and treat gambling problems.

From a scientific perspective, gambling disorder deserves more attention. Albert 
Einstein once said, “Play is the highest form of research.” More research is needed 
to understand why people play or gamble and how these common human behaviors 
may lead to harm in the case of gambling disorder and also gaming disorder. One of 
the most important scientific journals in the world, Nature, titled in its editorial in 
January 2018: “Science has a gambling problem.” In this editorial, a criticism is 
raised that relatively few studies exist investigating the phenomenon of gambling 
and gambling problems in well-designed manners and which are conducted in real 
gambling environments [4, 5]. Such studies are needed to inform policymakers and 
clinicians as how best to handle the development of diverse online and offline gam-
bling activities offered to people and potential gambling-related problems. Further, 
this approach should be applied to a broader range of behavioral addictions [6], 
particularly as gaming disorder will be included in ICD-11. Some countries have 
regulations to protect those who are most vulnerable to developing gambling prob-
lems – e.g., agreements with gambling establishments to ban people suffering from 
gambling disorder for fixed time periods. More empirical evidence is needed to 
show which strategies work best and to expand such approaches in order to better 
protect high-risk populations like adolescents. Ideally, this research should be inde-
pendent from the related industry (e.g., funded by the government that is charged 
with protecting the public health).

In the above-mentioned Nature editorial, it is also argued that there may be some 
stereotypes associated with people spending money in the casino, at the racetrack, 
or elsewhere. Some portrayals of gambling in society may conjure images of glitter 
and luxury and of people seeming to take little responsibility for the consequences 
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of their behaviors. Although the reality of most people affected by gambling disor-
der is typically far from this, such prejudices may decrease empathic reactions 
toward people suffering from significant gambling problems. Such stigmatizations 
share some similarities with historical views of people with substance-related disor-
ders who may have been considered “weak-minded” or morally flawed in the past. 
Research on the development and maintenance of substance-use disorders has 
helped to mitigate such views by expanding the knowledge about these disorders. 
Thus, there is the need for governments to support research into gambling problems 
as is done for problematic alcohol and drug consumption.

15.2  Gambling Disorder: Future Directions

15.2.1  Rethinking Classification and Diagnostic Criteria

A significant change came with the publication of the DSM-5 in 2013. The condi-
tion “gambling disorder” was reclassified as a substance-related and addictive dis-
order, replacing pathological gambling that had been classified as an “impulse-control 
disorder not elsewhere classified” in earlier editions of the DSM. While the criteria 
remained nearly the same (with the removal of the illegal-acts criterion and chang-
ing of the diagnostic threshold from five of ten inclusion criteria to four of nine 
criteria), the reclassification of the disorder reflected evidence showing similarities 
with substance-use disorders in multiple domains including epidemiology, clinical 
phenomenology, genetics, neurobiology, prevention, and treatment [7, 8]. In an 
interview, Charles O’Brien, M.D., chair of the DSM-5 Work Group on Substance- 
Related and Addictive Disorders, stated: “The idea of a non-substance-related 
addiction may be new to some people, but those of us who are studying the mecha-
nisms of addiction find strong evidence from animal and human research that addic-
tion is a disorder of the brain reward system, and it doesn’t matter whether the 
system is repeatedly activated by gambling or alcohol or another substance” [9]. 
Despite those clinical and neurobiological similarities which led to the changes in 
DSM-5 [10], future research should focus on both similarities and differences 
between gambling and substance-use disorders. For example, although tolerance 
development and withdrawal symptoms constitute core features of addictions in 
general [11], such symptoms in gambling disorder are usually milder than those in 
substance-use disorders. On the other hand, phenomena like craving and its influ-
ence on choice behavior as well as alterations in loss processing might be equally or 
even more relevant in non-substance-related problems due to the high generaliz-
ability of potentially triggering situations. Further, because non-substance- related 
addictions are not related to the use of specific substances, it may be possible to 
translate the concept of behavioral addictions to multiple aspects of human behav-
ior. This comes with the potential danger and thus the responsibility for researchers 
as well as clinicians to consider the concept with caution in order to avoid stigmati-
zation and to account adequately for variance in human behavior beyond mental 
illness (see also Chaps. 1 and 2).
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Moreover, it is important to foster research that allows for a more complete view of 
the phenomena of gambling disorder. For example, different subtypes of gambling 
disorder have been proposed, like in the “pathways” model (see Chap. 3), and this 
model has gained empirical support. This and other models may be relevant in pro-
moting advances in differential diagnosis and more targeted treatment options. It may 
also be helpful to include characteristics from cognitive research on gambling disor-
der, for example, gambling-related cognitive distortions may be assessed using psy-
chometrically validated instruments in diagnosis and clinical practice (see Chap. 4).

Further, it is of interest for research in this field to move forward to a more con-
tinuous understanding of gambling behaviors and problems, with the understanding 
that gambling behaviors lie along a continuum of problem-gambling severity. From 
this viewpoint, there are many important reasons—including from a public health 
perspective [12]—to study continuous gambling phenotypes. This approach is also 
in line with efforts in understanding and treating psychiatric disorders from a dimen-
sional perspective, including neurobiological approaches [13] and the research 
domain criteria (RDoC) initiative [14].

15.2.2  Understanding Neurobiological Mechanisms

From a neuroscientific perspective, gambling disorder may be of high interest to 
addiction research due to its non-substance-related nature. In contrast to substance- 
related addictive disorders, in gambling disorder there are not necessarily substance- 
related effects on the brain, e.g., neurotoxic effects of alcohol consumption on 
neurons in alcohol-use disorder. Thus, behavioral addictions such as gambling dis-
order may serve as an important model disease for studying the mechanisms under-
lying addiction. Therefore, it might also be of importance to better understand the 
neurobiological similarities as well as the differences between gambling disorder 
and substance-use disorders. Other behavioral addictions also warrant consider-
ation. Research on other potentially relevant behavioral addictions, like compulsive 
buying, compulsive sexual behavior, and internet gaming disorder, appears rather 
scant to date (see Chap. 11), especially with regard to neurobiological studies.

As mentioned, neuroscientific research that identified neurobiological similari-
ties between gambling and substance-use disorders contributed to a recategorization 
of gambling disorder in DSM-5. In comparison to the similarities, potential differ-
ences between substance-use disorders and gambling disorder have arguably 
received less attention. In order to deepen the understanding of differences (see 
Chap. 12), also specifically on a neural level (see Chap. 7), it is of high interest to 
further study gambling disorder in comparison to other conditions in domains like 
loss processing. The clinical phenomenon of loss chasing is a diagnostic criterion 
for gambling disorder that is not shared with substance-use disorders, although the 
concept of “chasing” (e.g., chasing drug highs or going on drug runs) may also 
apply more broadly to substance-use disorders. Alterations in loss processing as 
well as in the processing of near-misses on behavioral and neural levels may moti-
vate loss chasing [15–20], but further research is needed to get a more complete 
picture. More research should also investigate relevant learning mechanisms at 
behavioral and neural levels that may lead to the development and maintenance of 
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gambling disorder. While recent research exploring alterations in learning mecha-
nisms in substance-use disorders may help to explain key features of these disorders 
[21–23], the role of similar mechanisms is relatively unexplored in gambling disor-
der. To this end, it may also be helpful to consider gambling disorder from a trans-
diagnostic dimensional perspective, as proposed by the RDoC initiative mentioned 
above [14]. Further, the specific alterations in relevant neurotransmitter systems in 
addiction in general [24] and also in gambling disorder [25, 26] are an ongoing 
debate; thus new insights can be expected in the future.

Commonly used neuroimaging methods may be extended by using alternate ana-
lytic strategies or adding other approaches. For example, using connectivity-based 
approaches like independent component analysis may provide additional insight 
over standard general linear model-based approaches [20, 27]. Additionally, as both 
genetic and environmental factors have been linked to the development of gambling 
disorder (see Chap. 5), it will also be helpful in the future to more intensively study 
the interplay of genetic variations and alterations in neurocircuitry in gambling dis-
order by using an imaging genetics approach, as it has been done in some studies of 
gambling disorder [28, 29] and more extensively for other psychiatric disorders like 
depression [30].

In addition, animal models for gambling disorder may permit additional insight 
into the condition as has been the case for substance-use disorders. A more compre-
hensive understanding of subtypes of individuals with gambling disorder or an iden-
tification of the most relevant functional mechanisms may lead to delineating a 
conceptual framework for animal research in this field. This can in turn lead to 
refinement of animal models with high translational validity, including rodent gam-
bling and slot-machine tasks, that may be employed in studies using procedures and 
manipulations that are not permissible in humans (see Chap. 6).

Further, as an addition to the more classical approaches in neurobiological 
research, using computational models often allows for an improved mapping of 
neural substrate functions to clinically relevant behaviors. Thus, strengthening the 
use of computational modeling in the research on gambling disorder is likely to 
further increase our knowledge of the neurobiological basis of disordered gambling 
(see Chap. 7), as is the case in substance-use disorders [23, 31]. Decisively, compu-
tational approaches may provide generative models describing the key steps pro-
cessed in the brain when adapting to a changing environment [1, 32]. Thus, by 
helping to understand alterations of neuronal processing in gambling disorder, these 
approaches may also allow for the development of new treatment options targeting 
core features of gambling disorder in a more direct way.

15.2.3  Advancing Prevention and Treatment

Fortunately, increasing effort is spent on the development of specific treatment pro-
grams as well as prevention strategies. With a focus on psychotherapy, studies have 
shown that the studied treatment programs yield benefits in reducing gambling 
problems, particularly cognitive-behavioral therapy in individual as well as in group 
settings. Since many interventions for gambling disorder suffer from low engage-
ment and completion rates, it is important to foster the development of brief 
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interventions and to find alternative ways of supplying help to affected people (see 
Chap. 9). Therefore, self-directed, computer-facilitated, web-based, and virtual 
reality interventions all warrant investigation and may extend the reach of existing 
treatments in the future. Moreover, the development of innovative approaches for 
the treatment of gambling disorder includes the evaluation of different cognitive and 
mindfulness trainings (see Chap. 10).

Despite the public health impact of gambling disorder and unlike in other psy-
chiatric disorders, there are no medications formally approved for treatment of 
gambling disorder. Further, the above-described evidence shows that gambling dis-
order does not present with a homogeneous clinical picture, but different subtypes 
may exist [33]. This situation makes it important to understand the effects of medi-
cations on different symptoms of disordered gambling and, therefore, which medi-
cations may be best for specific subgroups of patients (see Chap. 8). Further 
insights are needed in order to develop customized pharmacological treatment 
strategies for the most severely affected. Moreover, there is a need for larger clini-
cal trials, giving the opportunity of studying medication effects in different sub-
types, doses, and treatment durations and/or with the focus on shorter-term and 
longer-term outcomes. To improve available treatment options, it is crucial to fur-
ther elucidate how pharmacotherapy and other agents (e.g., nutraceuticals) may 
interact with psychotherapy [34, 35].

Further psychological and neurobiological insights may increase effectiveness 
and suitability of interventions by translating scientific results into clinical solu-
tions. For example, some studies aim at the development of new pharmacological 
strategies based on the knowledge about neurobiological dysfunctions in addic-
tions, like using a fast-working nasal spray containing naloxone that may poten-
tially be used in high-craving situations [36].

Altogether, gambling disorder is associated with negative consequences in dif-
ferent domains of everyday life. Thus, developing more efficient prevention pro-
grams is essential for the general population and for specific groups like adolescents 
(see Chap. 14). Given elevated rates of gambling disorder in some populations (e.g., 
in immigrant groups), it is important to develop specific prevention strategies in 
high-risk populations and to ensure that such treatments reach affected people in a 
sufficient way by including multilingual material and cross-cultural skills into pre-
vention and treatment (see Chap. 13). In general, it is necessary to incorporate the 
prevention of gambling disorder into our understanding of public health in order to 
draw public attention to this topic and to foster the development of new strategies 
for dealing with a changing landscape of gambling including new phenomena like 
mobile gambling and gambling elements in gaming.
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