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I1. SCOPE AND AIM OF THIS WORK

The fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-
5) introduced a novel approach in the classification of addictive disorders, since Gambling
Disorder (GD) was reclassified from Impulse Control Disorders into Substance-Related and
Addictive Disorders as the first and yet the only non-substance-related addiction. Scientific
literature indicates that from substance-related addictions, alcohol use disorder (AUD) shows
the highest comorbidity with GD. It is also highlighted that GD displays similar features to
substance-related disorders, thus AUD, in terms of clinical expression, comorbidity,
physiology, brain origin and treatment prognosis. Although the background and
characteristics of these disorders separately have been assessed for decades, data on features
of concomitant AUD and GD are scarce, which underlines the paramount importance of
examining the two disorders jointly. For this purpose, our aim was firstly to review the
similarities of AUD and GD, from which higher impulsiveness was pointed out as a core
feature in both disorders. Then, in the framework of a systematic review-based meta-analysis,
aggregated clinical data was analysed concerning cognitive impulsivity in AUD and GD
patients contrasted with healthy controls. Moreover, different aspects of impulsivity were
investigated in AUD patients with or without comorbid GD symptoms to assess whether the

comorbidity of these two disorders are accompanied by more severe impulse control deficits.

The main goals of the studies comprising the present thesis were the following:

I.  To assess similarities and differences between alcohol use disorder and gambling
disorder.

Il.  To differentiate patients diagnosed with alcohol use disorder, gambling disorder and
healthy matched controls in terms of cognitive impulsivity measured by the lowa
Gambling Task.

1.  To evaluate the comorbidity of gambling disorder symptoms in alcohol use disorder
patients receiving inpatient treatment.

IV.  To investigate whether concomitant gambling disorder symptoms in chronic alcohol

use disorder patients is accompanied by more severe impulse control deficiencies.



I11. BACKGROUND
1 Gambling disorder as an addictive disorder

Novel findings of studies conducted in the fields of neurology, neurobiology, genetics,
epidemiology and behavioural sciences clarify and transform our knowledge about mental
disorders, which forms the basis of the constant development and refinement of the
Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric Association,
2013). The novel fifth edition of DSM introduced several major changes in the diagnostic
criteria, from which the reclassification of gambling disorder (GD) from Impulse Control
Disorders to Substance-Related and Addictive Disorders is prominent.

GD, with the name of pathological gambling, has been introduced in the third version
of the DSM as a standalone diagnostic category, and has previously been considered an
impulse control disorder, though subsequently, literature highlighted that it has several
common characteristics with substance use disorders, which resulted in its recategorization. A
change in the name of the disorder has been introduced with the aim of reducing social
stigmatization, and additionally, like other substance-related addictive disorders, it has also
been treated as a spectrum disorder, ranging from social-recreational (in cases non-
problematic) use to addictive behaviour (Denis, Fatséas & Auriacombie, 2012; Reilly &
Smith, 2015; Stron & Kahler, 2007). While GD is highly comorbid with many systemic
diseases and is often present concomitantly with other mental disorders (Bischof et al., 2015;
World Health Organization, 2018), its co-occurrence with other substance-related addictive
disorders are predominant, from which the highest comorbidity is documented with alcohol
use disorder (Petry et al., 2005).

1.1 Epidemiology of gambling disorder and alcohol use disorder

Over the past decades, several studies have been conducted worldwide to address the
prevalence of GD. A meta-analysis of 120 empirical studies based on the populations of North
America concluded that 1.6% of the adult population met the DSM diagnostic criteria of GD
during at least one point of their lifetime (Shaffer et al., 1999). In a representative study of US
population, the lifetime prevalence of GD was found to be slightly lower (0.9%). Age found
to be a dominant factor, since the prevalence rate for adolescents under the age of 18 was
3.9%, with a past year rate of 5.8% compared to adults’ 1.1% (Shaffer & Hall, 1996).
Similarly, another meta-analysis of 34 empirical studies of New Zealand and Australia
indicated similar prevalence rates of the appearance of GD in the population (Storer, Abbott
& Stubbs, 2009).



Regarding population-based data from Europe, Kun et al. (2011) conducted a
systematic review of literature based on nationally representative data available from
European countries, where the lifetime prevalence rates of problem and pathological
gambling were between 1.1% and 6.5%. In Hungary, Paksi et al. (2009) conducted a
nationally representative study on GD of 2,710 individuals aged between 18 and 64. They
reported that the prevalence of problem gambling was 1.9% in the population, while
pathological gambling was 1.4%. Problem and pathological GD was higher in men (5.3%), in
younger adults aged between 18 and 24 (5%) and in participants coming from a lower income
household (2.4%).

Concerning AUD, according to the results of the National Comorbidity Survey, the
lifetime prevalence of alcohol abuse and AUD were 14.2% and 9.4% respectively. Mean age
of onset was 18 years, while the risk of developing lifetime AUD increased in cases of start of
drinking before the age of 17 (lifetime prevalence rate of 24.5%) (Kessler et al., 1997). The
most recent data from the National Epidemiologic Survey on Alcohol and Related Conditions
study conducted in the United States indicated a slightly increasing tendency: the past year
prevalence of AUD was 13.9%, while the lifetime prevalence was 29.1%. Prevalence of AUD
was higher among men (36.0% versus 17.6% in women), among younger participants
(37.0%) (Hasin & Grant, 2015). In Europe, available population surveys indicated that the
cumulative rate of the past year prevalence of AUD was 8.8%, with a lifetime prevalence of
5.3%, with a 5-times greater odds ratio for men in case of lifetime prevalence (OR = 5.3)
(Muioz et al., 2018). For Hungary, data indicate a past 12-month prevalence rate of 11.7%
and a 24.5% lifetime prevalence of AUD (Rehm et al., 2015).

1.2 Comorbidity of alcohol use disorder and gambling disorder

In this work, GD was selected for comparison, since it showed the highest comorbidity
of any substance-related disorder with AUD. Studies have reported that AUD and GD are
highly comorbid both in community (Cunningham-Williams et al., 1998; Manning et al.,
2017) and in treatment seeking (Feigelman et al., 1998; Stinchfield et al., 2005) samples as
well.

Concerning community-based samples, in a national study of 43,000 individuals
conducted in the US, almost three-quarters (73.2%) of lifetime GD patients also met the
criteria of AUD (Petry et al., 2005), while in a population-based meta-analysis, it was
reported that 28% of lifetime GD patients had AUD as well (Lorains et al., 2011), and other
studies conducted in the USA, Australia and Western Europe reported a 17-33% comorbidity



of concurrent GD and AUD (Daghestani et al., 1996; Lesieur et al., 1991). Welte et al. (2001)
highlighted a significant connection between AUD and GD, and it was also reported that
greater daily alcohol intake was associated with more frequent and more intense gambling
activity. In another population-based study of 14,934 individuals, it was shown that people
with AUD were 2.9 times more likely to develop moderate or even heavy GD problems (El-
Guebaly et al., 2006).

In treatment seeking populations, 15% of AUD patients met the diagnostic criteria of
having GD during their lives, while 10.9% of them had concurrent GD at the time of their
treatment (Cowlishaw et al., 2014). Concerning outpatient treatment, a study reported that
19% of treatment-seeking AUD patients showed problem gambling symptoms measured by
the South Oaks Gambling Scale (SOGS), and 4% of them met the diagnostic criteria of full-
blown GD (Sellman et al., 2002). These data indicate that the prevalence of comorbid GD in
AUD is much higher than the prevalence rates of 0.5-2% reported in general populations
(Colishaw et al., 2014; Kessler et al., 2008; Petry et al., 2005). Parallelly, the elevated rates of
comorbid AUD in patients seeking treatment for GD also highlight the importance of
addressing the associations of these two disorders. In one study, Ibafez et al. (2001) found
that 23.2% of GD patients also met the DSM criteria of current AUD, while Grant & Kim
(2001) reported on a large sample that 27% of treatment-seeking GD patients met the

diagnostic criteria of lifetime AUD.

2 Similarities in the symptomatology of alcohol use and gambling disorder
DSM-5 lists AUD and GD as Substance-Related and Addictive Disorders. A
comparison of the diagnostic criteria of both disorders are presented in Table 1, matching

criteria are listed side by side.

Table 1: Comparison of DSM-5 diagnostic criteria of alcohol use disorder and gambling
disorder (numbers in parenthesis are the numbering of the DSM-5) (American Psychiatric
Association, 2013)

Alcohol Use Disorder Gambling Disorder

Alcohol is often taken in larger amounts or
over a longer period than was intended (1)

There is a persistent desire or unsuccessful Has made repeated unsuccessful efforts to
efforts to cut down or control alcohol use (2) control, cut back, or stop gambling (3)

A great deal of time is spent in activities
necessary to obtain alcohol, use alcohol,
or recover from its effects (3)




Craving, or a strong desire or urge to use

alcohol (4)

Recurrent alcohol use resulting in a failure Has jeopardized or lost a significant

to fulfil major role obligations at work, relationship, job, or educational or career
school, or home (5) opportunity because of gambling (8)
Continued alcohol use despite having Has jeopardized or lost a significant
persistent or recurrent social or interpersonal relationship, job, or educational or career
problems caused or exacerbated by the opportunity because of gambling (8)
effects of alcohol (6)

Important social, occupational, or Has jeopardized or lost a significant
recreational activities are given up or relationship, job, or educational or career
reduced because opportunity because of gambling (8)

of alcohol use (7)

Recurrent alcohol use in situations in which
it is physically hazardous (8)

Alcohol use is continued despite knowledge
of having a persistent or recurrent

physical or psychological problem that is
likely to have been caused or exacerbated
by alcohol (9)

Tolerance (10) Needs to gamble with increasing amounts of
money in order to achieve the desired
excitement (1)

Withdrawal (11) Is restless or irritable when attempting to cut
down or stop gambling (2)

Is often preoccupied with gambling (4)

Often gambles when feeling distressed (5)

After losing money gambling, often returns
another day to get even (6)

Lies to conceal the extent of involvement
with gambling (7)

Relies on others to provide money to relieve
desperate financial situations caused
by gambling (9)

Footnote: specification of current severity in case of AUD: mild — presence of 2-3 symptoms; moderate —
presence of 4-5 symptoms; severe — presence of 6 or more symptoms. Specification of current severity for GD:

mild — 2-3 criteria met; moderate — 6-7 criteria met; severe — 8-9 criteria met

It is visible that the diagnostic criteria of GD show a significant overlap with the diagnostic
criteria of AUD. It is important to note that in cases where criteria are not equivalent to each
other, mutuality is also present on a symptomatic level. Thus, the criteria of “great deal of
time spent in activities necessary to obtain or use alcohol” or “craving” are not explicitly
displayed in case of GD, however they present an integral part of the symptomatic picture of
the disorder. Along with aspects of decreased work performance, existential problems and

interpersonal disadvantages, empirical studies confirmed that people affected by GD



experience craving (Koob, 2000; Tavares et al., 2005), withdrawal symptoms (Blaszczynski et
al., 2008), tolerance (Griffith, 1993) and frequent relapse episodes (Braun et al., 2014;
Ledgerwood & Petry, 2006) as well. These clinical aspects are also considerable features in

AUD (common clinical symptoms of the two disorders are listed in Table 2).

Table 2: Similarities in clinical symptoms of alcohol use disorder and gambling disorder

Alcohol Use Disorder Gambling Disorder

Tolerance

Craving

Withdrawal symptoms

High comorbidity both in adolescents and in adults

Existential/work-related disadvantages
High relapse rate

Low treatment participation

Loss of control

Disfunctions in disinhibitory control

Higher impulsivity

The emergence of tolerance has been documented both in AUD and GD. Tolerance, as
the necessity to increase doses of alcohol/gambling activity to reach a similar effect, plays a
key role in maintaining the addictive cycle. Griffith (1993) examined biological parameters
reflecting on tolerance of regular and non-regular gamblers, and highlighted that gamblers
adapt to the gambling activity on a physiological level. In order to reach similar psychological
and physiological state, the amount of time spent with gambling and the value of the gamble
needed to be extended. This phenomenon can be paralleled with tolerance documented in
AUD.

The phenomenon of craving is presented in both AUD and GD, which can be defined
as a strong desire to pursue alcohol/gambling, or the memory of a positive/pleasant
experience with them which supersede negative experiences (Koob, 2000). In a study,
Duvarci and Varan (2000) compared GD patients with subclinical (i.e. frequent but non-
pathologic) gamblers, where GD patients reported more frequent cravings, while Tavares et
al. (2005) reported that GD patients experienced even stronger cravings compared to AUD
patients.

Similar to AUD, the development of withdrawal symptoms is also documented in GD.
Blaszczynski et al. (2008) documented that gamblers reported elevated levels of arousal and
upon gambling cessation, they experienced physiological reactions of withdrawal. While
Rosenthal and Lesieur (1993) reported that 65% of GD patients exhibited at least one



symptom of withdrawal (insomnia, high palpitation, physical weakness, muscle cramps or
aches, difficulty of breathing, chills or sweating). In another study, 30-40% of GD participants
experienced severe behavioural and mood symptoms similar to the psychological and
physiological symptoms that can be observed in case of AUD: low mood, irritability, motor
agitation, tremor, problems in focusing attention and concentration (Wray & Dickerson,
1981).

Existential problems like the neglection of social and/or work relationships, extensive
loss of money, higher divorce rates have also been associated with both AUD and GD
(Blaszczynski, 2010; Kalischuk, 2010). Also, loss of control and subsequently the emergence
of multiple relapses are common in both disorders. Studies demonstrated that similar
psychological, biological and social/environmental factors lead to relapse in AUD and GD,
which are the following: similar personality traits (neuroticism and extraversion), cognitive
distortions (having the illusion of sense of control in alcohol intake/gambling activity), coping
mechanisms (use of maladaptive coping mechanisms in stressful situations) and personality
traits (neuroticism, higher sensation seeking) (Ledgerwood & Petry, 2006).

Despite the high prevalence and several adverse consequences associated with AUD
and GD, many people affected by them do not seek treatment. In a large nationally
representative study conducted in the US, in the first year after disease onset, only 5% of
AUD patients sought treatment, while the lifetime probability of treatment seeking patients
who did not remit was only 54% (Blanco et al., 2015). It is similar in the case of GD, despite
the often debilitating nature of the disease, it is less than 10% of GD patients who seek
treatment (Braun et al., 2014).

Deficits in disinhibitory control has also been linked to both AUD and GD. In a study,
patients showing symptoms of both disorders showed higher levels of risk taking
(Ledgerwood et al., 2009), while multiple studies indicated that shared deficit of decision-
making was reported in patients with AUD and with GD compared to healthy controls
(Goudriaan et al., 2005; Lawrence et al., 2009). Moreover, the investigation of clinical and

subclinical populations led to highlighting the interconnectivity of AUD, GD and impulsivity.

3 Common features in aetiology, comorbid psychiatric disorders and prognosis in AUD and
GD

It is visible from above that cross-sectional attributes and symptoms are similar in both
AUD and GD; moreover, examined from a longitudinal perspective, the two disorders also
share similarities. In case of AUD and GD, higher impulsivity is shown to be a common



symptom in both disorders, but literature suggests that accompanied with deficits in inhibitory
control, elevated level of impulsiveness precedes the actual onset of the addictive disorder,
thus can be regarded as a vulnerability factor for the emergence of the addiction itself (Slutske
et al., 2013). As a potential interpretation for impulsivity simultaneously present as a
symptom and an aetiological factor is that it is hypothesized that individuals with addictive
disorders are originally more impulsive, which intensifies addiction (Verdejo-Garcia,
Lawrence & Clark, 2008).

Three risk groups can be differentiated being more prone to the development of
addictive disorders: 1) adolescents are more vulnerable for the emergence of addiction; 2)
clinical groups expressing externalizing behavioural disorders (e.g. attention deficit
hyperactivity disorder or conduct disorder) and 3) children of parents diagnosed with
addictive disorders are also genetically prone to develop addiction (Holden, 2010). It is
documented that AUD and GD are comorbid even in adolescents (Dussault et al., 2011,
Verdejo-Garcia et al., 2008), which also accentuates the existence of a shared aetiological
background. This was thoroughly evaluated in twin studies, where twins with the diagnosis of
GD had an eight times higher chance to have AUD in their history compared to twins without
the diagnosis of GD. The co-occurrence of comorbid AUD is highly present in case of both
monozygotic and dizygotic twins even with subclinical GD symptoms: 50.4% for
monozygotic and 44.3% for dizygotic twins compared to 33.5% and 35%, respectively, for
non-GD twins (Slutske et al., 2014).

Strong associations have been documented with comorbid mental disorders in case of
AUD and GD as well. Concerning GD, studies have also associated GD with symptoms of
somatic ill-health, problems with sleep, loss of appetite, higher levels of stress and suicide
(Cunningham-Williams et al., 2000; Morasco et al., 2006). In case of mental problems, a large
study including 6510 individuals showed that 79.1% of GD patients had a comorbid
psychiatric disorder, from which other substance-related problems, affective problems,
anxiety disorder and suicidal risk were the most predominant (Park et al., 2010). Meta-
analytical assessment also reported the high co-occurrence of GD and other substance use
disorders (57,5%), affective disorders (37.9%) and anxiety disorders (37.4%) (Lorains et al.,
2011). Regarding AUD, vast literature established a causal link with AUD several mental
illnesses. One population-based study addressed DSM Axis | and Il problems co-occurring
with AUD and reported strong association with mood disorders (OR: 2.20-2-71), anxiety
disorders (OR: 2.11-2.61) and personality disorders (OR: 2.52-3.11) (Hasin et al., 2007).
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A predominant feature of both disorders is their association with chronic relapse
problems over the lifetime (Evren et al., 2012; Ledgerwood & Petry, 2006). Recent clinical
trials have proven that the same pharmacotherapeutic approach had positive outcomes in case
of both GD and AUD (Tamminga & Nestler, 2006), while it is indicated that the concomitant
appearance of both disorders influence treatment prognosis as well. In one study,
characteristics of alcohol use were examined in treatment-seeking GD patients, and it was
documented that the quantity of alcohol consumption gradually decreased for the first period
during the course of treatment, but afterwards this tendency of decrease disappeared and 31%
of the sample indicated excessive, problematic use of alcohol (Rash, Weinstock & Petry,
2011). Parallelly, in another study assessing the gambling activity of treatment-seeking AUD
patients showed that the more severe AUD correlated with higher levels of GD symptoms,
and concomitantly they showed a significant positive correlation with more severe

psychopathological symptom severity (Stinchfield, Kushner & Winters, 2005).

4 Definition and importance of impulsivity

Impulsivity is regarded as a core feature in addictive disorders, thus AUD and GD,
since many of the diagnostic criteria of both disorders may also be interpreted in the
framework of impulsivity or may be related to it. In this sense, regardless of the perceived
harm resulting from the pursue of drinking/gambling behaviour, prolonged gambling
activity/alcohol consumption, unsuccessful attempts to cut back or seize the pursuit if these
actions, with the repeated failure to withdraw from them may also be linked to malfunctions
of behavioural disinhibition, the disfunction of inhibitory control, i.e. forms of impulsivity
(American Psychiatric Association, 2013; Kozak et al., 2018; Verdejo-Garcia, et al. 2008).

On this notion, defining the concept of impulsivity is actually quite difficult, since it is
regarded as a manifold, multifaceted construct consisting of several related subdomains and is
regularly grasped as the repeated performing of maladaptive behavioural actions resulting in
probable negative consequences. In this sense, impulsive actions may be considered as rapid
and unplanned reactions to internal or external stimuli with the aim of achieving immediate
pleasure and/or gratification (Bottesi et al., 2014; Verdejo-Garcia et al., 2008). Recent
understandings of impulsiveness underline the importance of not just the behavioural aspects
of impulsivity, but also their underlying neurobiological and neuropsychological components
(loannidis et al., 2017; Rochat et al., 2018; Stephan et al., 2017).

As described previously, AUD and GD not only share elevated levels of impulsiveness

as a common symptom, but it is demonstrated that higher impulsivity is a common underlying
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genetic vulnerability (Slutske et al., 2000), and is considered to be an endophenotypic
indicator in both disorders (Bottesi et al., 2014; Salvatore et al., 2015). Endophenotypes can
be defined as measurable components that are not visible explicitly along the pathways in
between distal genotypes and the disease itself (MacKillop, 2013). Concerning addictive
disorders, thus AUD and GD, impulsivity is not regarded as a unitary construct, consequently
it is not likely to be traceable in studies as an endophenotype as a whole, but specific aspects
like the ability to delay rewards as a form of cognitive impulsivity has been proposed as a
cognitive endophenotype (Salvatore et al., 2015). Moreover, there is evidence that higher
impulsivity may not only occur in the clinical presentation of GD, but may also be present in
case of milder, subclinical problem gambling (Buja et al., 2017; Cunningham-Williams et al.,
1998; Vitaro et al., 1999).

4.1 Neural background of impulsivity

The complex neurobiological underpinnings of impulsivity as a construct, and its
behavioural and neurobiological relationship with AUD and GD are well documented in
scientific literature (Mitchell & Potenza, 2014; Perry & Carroll, 2008). It has been
documented concerning the neurobiological basis of impulsivity that the monoaminergic
corticostriatal systems are massively impacted (Fineberg et al., 2014). Imaging studies of the
human brain also reported structural and functional changes in the corticostriatal circuitry of
impulsive individuals (Mackey et al., 2017). Dysregulation and/or disfunction of the
monoaminergic signalling (particularly in the dopaminergic (DA) and serotoninergic (5HT)
systems), concerning which, it has been stated that these form the basis of response
impulsivity and choice impulsivity as well (Mitchell & Potenza, 2014). The role of three
neurobiological systems were highlighted in connection with impulsivity: 1) the ventral
striatum and the midbrain dopaminergic system; 2) the regulatory system mediated by the
medial and ventral prefrontal cortices and 3) the amygdala. From a neuropsychological
perspective, impulsivity is regarded to arise from the impairment of inhibitory control, where
the core components are the dysregulated activity of the network of cortical and subcortical
structures including the lateral prefrontal cortex (Kozak et al., 2018).

Prolonged gambling activity and alcohol administration are known to result in
neurotoxic effects, which cause neural loss in “top-down” control regions of the human brain:
in the orbitofrontal cortex, prefrontal cortex, paraventricular and supraoptic nuclei of the
cerebellum and the hypothalamus, superior frontal association cortex, which play crucial roles
in affective processing, response inhibition and decision making as a form of impulsivity
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(Everitt & Robbins, 2005; Fein, Bachman, Fisher, & Davenport, 1990; Harding, Wong,
Svoboda, Kril, & Halliday, 1997). As it has been previously demonstrated, the failure of
abstaining from an addictive behaviour even in case of facing adverse or negative
consequences is a diagnostic feature both in GD and AUD (Alessy & Petry, 2003; Bechara et
al., 1994; Hodgins & Holub, 2015). Such a failure in controlling one’s actions indicates
inadequate inhibitory control, in which patients are unable to suppress the undesired,
maladaptive act of gambling or drinking behaviour. This impairment reflects on deteriorated
inhibitory control and decision-making, which represent a form of impulsivity (Everitt &
Robins, 2005; Mitchell & Potenza, 2014).

4.2 Aspects of impulsivity and their assessment

Despite having an agreement in the scientific literature regarding impulsivity as a
complex, multifaceted construct, there is still no consensus on the exact classification of the
subdimensions comprising the multifactorial nature of impulsivity (Evenden, 1999; Moeller et
al., 2001). On this notion, current measurements of the different aspects of impulsivity range
from self-assessment, measures and electrophysiological neurocognitive assessments of
impulsiveness (de Wit, 2009; Moeller et al., 2001; Bornovalova et al., 2005). Self-report
comprises of individuals’ correct recollection of their own behaviour, while
behavioural/electrophysiological analyses of impulsivity are considered to be more objective,
since they often involve the recording of prepotent motor signals (Daugherty et al., 2005;
Moeller et al., 2001). The available numerous assessment options can be enrolled under four
main subdomains measuring distinct aspects of impulsivity. The most widely accepted
measurement tools used in both clinical and research settings were selected for presentation in
the present thesis. For a detailed, comprehensive summary of the assessment and description

of these subdomains of impulsivity, see Table 3.

Table 3: List and brief description of assessment tools evaluating the different aspects of

impulsivity

Name of assessment tool Description

A 240-item personality test assessing seven aspects of personality,
from which the Novelty Seeking subscale is designed to measure
impulsiveness, impulsive decision making and people’s response to

Novelty Seeking subscale of the
Temperament and Character
Inventory (TCI)!

new stimuli
Eysenck Impulsiveness Scale A 54-item yes/no questionnaire designed to measure 3 domains of
(EIS)! impulsiveness: impulsiveness, venturesomeness and empathy

Dickman Impulsivity Inventory A 23-item true or false questionnaire determining functional or
(DI dysfunctional impulsivity
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Urgency, Premeditation (lack

of), Perseverance (lack of), A 59-item self-assessment rating scale measuring the following
Sensation Seeking, Positive dimensions of impulsivity: negative urgency, lack of premeditation,
Urgency, Impulsive Behavior lack of perseverance and sensation seeking
Scale (UPPS-P)!
Barratt Impulsivity Scale (BIS- _A 30-?te_m.paper apd pent_:il_ rating scgle as_sessing_ 3 aspects of
11)! impulsivity: motor impulsivity, attentional impulsivity and non-

planning
Multidimensional Personality A 276-item true or false personality test, in which impulsivity is a
Questionnaire (MPQ)* component of personality in a form of control vs. impulsivity
Impulsive/Premeditated A 30-item self-report scale incorporating questions concerning
Aggression Scale (IPAS)? impulsive aggression and premeditated aggression
Aggressive Acts Questionnaire A 22-item self-report scale assessing aggressive acts as being
(AAC)? impulsive or premeditated
Point Subtraction Aggression Computer-based test measuring impulsive aggression by
Paradigm (PSAP)? behavioural response

Buss-Perrv Agaression 29-item self-report questionnaire rating 4 subdomains of impulsive
Questionngireg?BPAQ)z aggression (physical and verbal aggression, anger and hostility) on a
5-point Likert-type scale

Experiential Discounting Task Computerized task in which participants experience consequences

(EDT)? of their choices: earning monetary rewards vs. evading monetary
losses
Kirby Delay Discounting Task A 27-item test comprising monetary choices between smaller
(KDDT)? immediate and larger delayed rewards
Temporal Choice Discounting Computerized task measuring preference of immediate reward
Task (TCDT)? subjectivity
A 138-item computerized task evaluating temporary and delay
Delay Discounting Task® discounting by deciding between two hypothetic amounts of reward
offered in different time points
Stop Signal Task (SST)* A computerized reaction time task measuring response inhibition by

speed and accuracy of responding
A computerized neuropsychological task measuring cognitive
Go/No-Go type paradigms* impulsivity by training individuals to give a particular response to
“g0” stimuli and no response to “stop” signals
Wisconsin Card Sorting Task A computerized neuropsychological task in which stimulus cards

4 are to be classified under 4 decks of cards by rules previously
(WCST) .
unknown to the participant
Rogers Decision-Making Task | A_computkgrlzeéi ne#rop_syczgflfoglcal talsk mea?L;)rmg |mpuIIS|_ve _
(RDMT)? ecision-making by choosing different colours of boxes, resulting in

different monetary gains

Balloon Analogue Risk Task A computerl_zed neyropsyghologlcal_task assessing risk behaV|c_)ur
4 as a form of impulsive decision-making by inflating a balloon till a
(BART) . a
breakpoint unknown to the participant

A computerized neuropsychological task assessing participants
. 4 preference or aversion towards risky decisions by rolling dice and
Game of Dice Task (GDT) betting outcomes by high probability/low layoff versus low
probability/high payoff
A computerized neuropsychological task assessing impulsive

Probability-Associated decision-making by deciding between choosing a fixed (smaller)
Gambling Task (PAGT)* gain or gamble for higher gain (but with high chance of monetary
loss)
. . A computerized neuropsychological task with outcome measures of
Cambrldgzec((;;a_lr_r;?lmg Task risk taking, decision time, risk adjustment, quality of decision-

making, delay aversion and impulsivity
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A computerized neuropsychological task evaluating risk
Columbia Card Task (CCT)* preferences, the use of information through choices made in a game
of cards
A computerized neuropsychological task assessing risk preferences

4
Cups Task (CT) through 54 trials of a game in order to achieve monetary gain

A computerized neuropsychological task in which during 100 trials
lowa Gambling Task (IGT)* participants select from 4 decks of cards with different win/loss
ratios to gain as much money as they can

Numbers in upper index represent the domain of impulsivity measured: ! — trait impulsivity; 2 — impulsive
aggression; 3 — choice impulsivity/delay discounting; 4 — impulsive decision making/risk preference; Assessment

tools highlighted in bold italics are utilized in the empirical studies of the present thesis.

4.2.1 Impulsivity as a component of personality

The classical trait concept of impulsivity can be defined as a component of
personality, which involves a tendency towards displaying such behaviour that is
characterized by little or even no reflection, forethought or consideration of consequences. It
has traditionally been characterized as an enduring and stable personality trait, which can be
measured by a range of self-reported assessment scales. These tools include the relevant
subscales (i.e. Novelty Seeking and Harm Avoidance) of Cloninger's Temperament and
Character Inventory (Cloninger, Svrakic, & Przybeck, 1991), Eysenck Impulsiveness Scale
(Eysenck & Eysenck, 1977), Dickman Impulsivity Inventory (Dickman, 1990), the UPPS-P
Impulsive Behavior Scale (Whiteside & Lynam, 2001) and one of the most widely accepted
and clinically used measurement tool, the Barratt Impulsivity Scale (Patton et al., 1995).
Despite some overlaps, the precise feature measured in these tests are somewhat different.
More specifically, the Eysenck Impulsiveness Scale yields a single impulsivity score
comprising of risk-taking, non-planning and liveliness subscales. The Dickman Impulsivity
Inventory differentiates between dysfunctional and functional impulsivity, which represents
adaptive/optimal and maladaptive/problem-causing forms of impulsiveness. The UPPS
Impulsive Behavior Scale employs four subdimensions: premediation, urgency, sensation
seeking and perseverance; the Temperament and Character Inventory is a complex assessment
of personality factors, from which certain aspects are related to impulsiveness. While the
Barratt Impulsivity Scale is designed to assess attentional, motor and non-planning
subdimensions of trait impulsivity (Patton et al., 1995).

Another dimension of impulsiveness is impulsive (unplanned) aggression, which can
be defined as an unpredictable or sudden use of force or action without taking into
consideration of the consequences of this behaviour. From a physiological aspect, impulsive

aggression is hypothesized as a partially biologically-based construct, where cortical
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inhibitory mechanisms and the results of the interactions of serotonin, the prefrontal cortex,
the amygdala and the limbic system play essential roles in the emergence of aggressive
impulses (Blair, 2016; Kavoussi et al., 1997). Several measures are in use to indicate
impulsive aggression including in-vivo evaluation of the actual behaviour. The
Impulsive/Premediated Aggression Scale (Stanford, Houston & Mathias, 2003), the
Aggression Acts Questionnaire (Barratt et al., 1999) or the Point Subtraction Aggression
Paradigm (Cherek, 1981) separate aggression into two domains, premediated and impulsive
aggression, while the Buss-Perry Aggression Questionnaire (Buss & Perry, 1992), which is
one of the most frequently used assessment tool in this field distinguishes four subdomains of

aggression in the evaluation of impulsive aggression.

4.2.2 Neurocognitive approach of impulsivity

Impulsivity has also been studied in connection with cognitive processes, where
several perspectives has been addressed with distinct neurocognitive assessment approaches
designed to obtain a more objective measure of impulsivity. An empirically investigated
component is choice impulsivity, which can be defined as making haste choices and having
tendencies of preferring smaller but instant gratifications over later but larger rewards. That
aspect is directly connected to the inability to exert self-control or delay gratifications, which
are important elements of addictive behaviour (Fineberg et al., 2010). Neuropsychological
assessments of this aspect of impulsivity include delay discounting and temporal discounting
(Matta, Gongalves & Bizarro, 2012), from which some measurements focus on the decrease
of the monetary or subjective value of the reward when it is delayed (Tesch & Sanfey, 2008),
such tests are the Experiential Discounting Task (Reynolds & Schiffbauer, 2004), while
others prioritize on the timely tendency of preferring a certain amount of reward in a shorter
or longer time frame, i.e. choosing a reward or consequence with lower value as long as it is
released immediately or in shorter time (Mitchell, 1999). Temporal discounting tasks are the
Kirby Delay Discounting Task (Kirby & Marakovi¢, 1996), the Temporal Choice Discounting
Task (Rachlin, Raineri & Cross, 1991). The most widely used paradigm for assessing choice
impulsivity is the Delay Discounting Task paradigm (Mitchell, 1999), in which delay of the
monetary reward and the factor of time are combined.

Decision-making as a form of cognitive impulsivity is widely evaluated in the scope of
addictive disorders. Bechara (2005) defined decision-making as a complex cognitive process
allowing individuals to choose the most optimal course of action, which is preceded by
reasoned consideration of possible existing alternatives. In case of addictive disorders, the
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assessment of decision-making dominantly focuses on neurocognitive performance tasks
assessing inhibitory control. Several paradigms are of use, albeit reflecting on distinct aspects
of cognitive impulsivity. The Stop Signal paradigm (Logan, 1994) assesses the inhibition of a
prepotent motor response, while the Go/No-Go type paradigms (Newman et al., 1990)
evaluate the ability of the learning to inhibit responses with punishments, thus measuring
passive avoidance. Another form of measuring cognitive flexibility as a form of impulsive
decision-making is the Wisconsin Card Sorting Task (Berg, 1948; Piper et al., 2015), which
reflects on executive functions, such as learning, attention control, flexibility in response
selection and adaptation to shifts in task contingencies. Therefore, it can be associated with
the cognitive dimension of impulsivity, and with poor decision-making. Also, other measures
of impulsive decision-making are the Rogers Decision-Making Task (Rogers et al., 1999)
exhibiting boxes covering monetary gains or losses, and the Balloon Analogue Risk Task
(Lejuez et al., 2002) simulating real-life risk behaviour by having to inflate a balloon with
each inflation resulting in monetary gain, with the breakpoint of the balloon remaining
unknown to the participants.

Most of the tasks measuring impulsive decision-making centre around gambling
paradigms. These include several different form of games, like the Game of Dice Task
(Brand, Fujiwara, et al., 2005) uses dice, the Probability-Associated Gambling Task (Sinz et
al., 2008; Zamarian et al., 2008) includes lotteries, the Cambridge Gambling Task (Rogers et
al., 1999) and the Columbia Card Task (Figner, Mackinlay, Wilkening & Weber, 2009)
incorporate cards, while the Cups Task (Levin & Hart, 2003) utilizes cups. The aim of these
tests is similar: to result in a more favourable win/loss ratio, i.e. being capable of utilizing a
strategy that results in more monetary gain. Similar to this purpose, the lowa Gambling Task
(Bechara et al., 1994; Bechara et al., 1997) , also uses cards as a means of measurement, while
this tool is considered to be one of the most widely accepted and utilized methods of assessing
this aspect of impulsiveness.

In the present thesis, concerning the classification of the distinct features of
impulsivity and the relationship of more specific aspects and measurement approaches of this
construct, four widely accepted, empirically examined dimensions of impulsivity were
assessed, utilizing both self-assessment and computerized neuropsychological measurements:
i) the traditional trait concept of impulsivity, as a maladaptive behaviour without any attention
to evade potential harm (Patton, Stanford & Barratt, 1995; Whiteside & Lynam, 2001); ii)
choice impulsivity as the inability to delay instant gratifications (Grant & Chamberlain, 2014;
Peters & Biichel, 2011; Mitchell, 1999); iii) impulsive aggression (Blair, 2016; Buss & Perry,
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1992; Kavoussi, Armstead & Coccaro, 1997) and iv) deficits of response inhibition and
impulsive decision making (Bechara et al., 1997; Franken et al., 2008) Assessment tools
covering these four domains of impulsivity incorporated in the present thesis are presented in
bold italics in Table 3.

5 Importance of impulsivity in alcohol use and gambling disorder

Impulsivity has been proven to be not just a predictor of severe alcohol consumption
and gambling activity in later life (Dussault et al., 2011; Hentges et al., 2018; Jacob, Haro &
Koyanagi, 2018), but there is evidence that the acute intake of alcohol and the engagement in
gambling activity also induce impulsiveness in humans (Hodgins & Holub, 2015; McCarthy
et al., 2012). This is directly linked to impulsive actions evolving into compulsive behaviour,
i.e. impulsivity leading to compulsion, which is strongly connected to the development of
severe forms of GD and AUD (Berlin & Hollander, 2008). Impulsivity in case of both AUD
and GD has been linked to negative accompanying features like the increase in addictive
symptom severity, thus more alcohol intake and higher gambling activity (Aragay et al., 2018;
Stevens et al., 2017), poor clinical outcomes (Charney, Zikos & Gill, 2010; Moeller et al.,
2001) or the increase of relapse risk (Evren et al., 2012; Goudriaan et al., 2005). Greater
impulsivity is associated with greater addictive symptom severity both in the case of GD and
AUD. Higher impulsivity in these patient groups is also associated with antisocial personality,
more maladaptive coping mechanisms, disinhibition and higher sensation seeking
(Blaszczynski, Steel, & McConaghy, 1997; Steel & Blaszczynski, 1998; Vitaro, Arseneault,
&Tremblay, 1999; Vitaro, Ferland, Jacques, & Ladouceur, 1998), which are features prone to
increase the risk of relapse.

GD and AUD patients with higher levels of impulsivity may be at even higher risk of
relapse, since they tend to make decisions without adequately thinking over or weighing all
the possible options and outcomes. It was also indicated that higher impulsiveness was related
to treatment failure in case of both. One possible reason for that was that impulsivity made it
difficult for patients to benefit from treatment, since the actual rewards of the treatment are
long-term ones, while the gain from pursuing alcohol/gambling activity is more immediate
disorders (Leblond, Ladouceur, & Blaszczynski, 2003; Rubio, Martinez-Gras & Manzanares,
2009).

Extensive literature exists on the assessment of impulsivity solely in AUD or in GD,
but only few studies have addressed both patient groups in the same setting. Petry (2001)
examined the characteristics of impulsivity in substance-abusing GD patients, substance
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abusers without GD and healthy controls, where substance abusing GD patients showed the
highest levels of impulsivity from all groups. Lawrence et al. (2009) contrasted the
differences of 21 GD patients who did not seek treatment, 21 AUD outpatients and healthy
controls in terms of two neuropsychological tests of cognitive impulsivity. Deficits were
found in tasks loading on the ventral prefrontal cortex in both patient groups, while tasks
loading on the dorsolateral prefrontal cortex showed impairment only in the AUD patient
group, presumed to be a consequence of long-term alcohol intake. Goudriaan et al. (2005)
compared 46 AUD and 48 GD outpatients’ performance on three different decision-making
tasks and highlighted that AUD patients’ performance was marginally worse than the
performance of the GD group. Bottesi et al. (2015) contrasted the results of 44 GD and 75
AUD (inpatients and outpatients mixed in the sample) on cognitive and self-reported

impulsivity tasks and showed similar patterns of impulsivity in both patient groups.

IV. AIMS AND HYPOTHESES

It has been well documented that AUD and GD show similarities in symptomatology,
aetiology, epidemiology and comorbidity with other psychiatric disorders. From these, higher
impulsivity is of key importance, since it has not only been proved to be a comorbid
symptom, but has been established to characterize both disorders as a common vulnerability
marker, with one aspect of impulsivity, cognitive impulsivity serving as a potential cognitive
endophenotype in AUD and GD. Based on these and the theoretical background detailed
above, the present thesis centres around two empirical studies with the following aims:

Aim 1: Scientific literature points out that AUD and GD are both characterized by
higher levels of impulsivity, although in terms of the different aspects of impulsivity, exact
findings are inconclusive (Lawrence et al.,, 2009; Petry, 2001); one aspect, cognitive
impulsivity is proposed as a potential endophenotype in both disorders (Salvatore et al.,
2015). Based on this, in the first part of the thesis (in Study 1), this facet of impulsivity,
impulsive decision-making, i.e. cognitive impulsivity was chosen to be examined closely in
the framework of a systematic review-based quantitative meta-analysis. For this purpose, one
assessment tool was selected to measure the dimension of impulsive decision-making: the
lowa Gambling Task (Bechara et al., 1994; Bechara et al., 1997), which is considered to be
the most commonly used and ecologically valid computerized neuropsychological task for
measuring real-life impulsive decision-making in laboratory circumstances. On this notion,

the following main hypotheses were formed:
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Hi:: Both AUD and GD patient groups showed impaired decision-making measured with the
IGT compared to matched HC group.
H>: AUD and GD patient groups can be differentiated in terms of decision-making measured

by the IGT net scores.

Aim 2: Higher impulsivity both in AUD and in GD has been associated with negative
concomitant features like higher addiction-related symptom severity, i.e. more severe alcohol
consumption (Aragay et al.,, 2018) and more intensive gambling activity (Stevens et al.,
2017), elevated risk of relapse (Evren et al., 2012; Goudriaan et al., 2005). However, despite
the high documented comorbidity (Feigelman et al., 1998; Manning et al., 2017; Stinchfield et
al., 2005), these studies were only conducted in cases of sole diagnoses of either AUD or GD.
Based on these, in the second part of the present thesis (in Study IlI), the occurrence of
concomitant GD symptoms in a chronic, long-term AUD patients were evaluated, with a more
comprehensive assessment of impulsivity in patients with and without comorbid GD
symptom. In Study Il, the multifaceted nature of impulsivity was also taken into
consideration, a complex set of test battery was utilized covering four different aspects of
impulsivity: trait, choice and cognitive impulsivity and impulsive aggression. On this notion,

the following hypotheses were formed:

Hs: The prevalence of comorbid GD symptoms with AUD fits in with international trends in
inpatient treatment unit for AUD.

Ha: Long-term AUD patients with comorbid GD symptoms express higher symptom severity
of substance use and psychopathological symptoms.

Hs: Long-term AUD patients with comorbid GD symptoms present higher levels of trait

impulsivity, choice impulsivity, impulsive aggression and impulsive decision-making.



20

V. METHODS AND MATERIALS
1 STUDY I

In Study I, a single domain of impulsivity, namely cognitive impulsivity in the form of
impulsive decision-making was selected for comparison between patients with DSM or ICD
diagnoses of either AUD or GD and matched healthy controls. From the potential
measurements of cognitive impulsivity (see Table 3 above), the lowa Gambling Task (IGT)
(Bechara et al., 1994; Bechara et al., 1997) was selected for incorporation, since this
computerized neuropsychological task is one of the most frequently used and ecologically

valid assessment tools for evaluating real-life decision-making in laboratory environment.

1.1 Search strategy and study selection

This systematic review and meta-analysis are reported in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement
(Moher et al., 2009) and the quantitative meta-analysis conforms to the guidelines of meta-
analyses in epidemiology described by Stroup et al. (2000). In March 2016, three scientific
databases (Medline/Pubmed, ScienceDirect and Web of Science) were thoroughly searched to
determine empirical studies concerning alcohol use disorder and gambling disorder and the
lowa Gambling Task (IGT). The following search terms were applied: (“alcohol dependence”
OR *““alcohol use disorder” OR “pathological gambling” OR “gambling use disorder”) AND
(“Iowa Gambling Task” OR “decision making”) with the following filtering: “Title/Abstract”,
“Title, Abstract, Keywords” and “Topic” respectively for the above mentioned search
engines. Our systematic literature search identified a total of 1,198 findings for potential
inclusion in the meta-analysis. Several non-peer-reviewed results were found as a result of the
literature search. After examination with every author, all grey literature (e.g. unpublished
dissertations, abstracts of conference presentations or posters) (N = 46) was excluded. After
the removal of these results, articles were hand-screened for eligibility. Papers that lacked a
DSM or ICD diagnosis of either GD or AUD, did not use the IGT for measuring decision
making as an aspect of cognitive impulsivity (N = 846), used primate or rodent models (N =
50), or were not published in English (N = 31) were excluded from the quantitative analysis.
Papers were included in case they were based on empirical data resulting from clinically
diagnosed populations (i.e. DSM or ICD diagnosed patients) and assessed the net score of
IGT performance as an evaluation of cognitive impulsivity. After the appliance of every
exclusion criteria mentioned above and removing duplicates, 17 studies remained and met the

previously set inclusion criteria for qualitative meta-analysis (see Figure 1).
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1.2 Raw data extraction for quantitative meta-analysis

Upon encountering a possibly eligible article that lacked the report of sufficient raw
data of the AUD or GD patients’ IGT net scores compared to HCs to permit the inclusion in
the meta-analysis, corresponding authors of the 33 studies without sufficient data were
contacted via e-mail up to three times over a month to ask for the missing pieces of data.
Consequently, Forbush et al. (2008), Zorlu et al. (2013) and Zorlu et al. (2014) made their
initial database available from where the required data could be extracted, resulting in a final
study number of 17 that were incorporated into the quantitative meta-analysis, from which 23
contrasts were obtained from AUD/GD groups compared to HCs, which was the unit of data

analysis.

1.3 Statistical analysis

Since heterogeneity was anticipated, every analysis was conducted with the use of
random-effects model, including the estimation of publication bias, calculations of effect
sizes, subgroup analysis and moderator analyses. Meta-regression was conducted to examine
potential mediators like the proportion of males, mean years of education and age. The issue
of assessing other potential demographic and/or clinical moderator variables were raised;
however, most of the studies lacked the inclusion of data regarding such potential moderators
(i.e. length of abstinence) that could have been used as moderator variables. All analyses were
calculated using the Comprehensive Meta-Analysis (CMA) 3.0 software (Comprehensive
Meta-Analysis Software, 2017).

Several studies yielded more than one units of analyses, for which the method of data
handling was the following: Dom et al. (2006) contrasted decision making of HCs and AUD
patients with or without personality disorders, which yielded 3 contrasts (3 patient groups
matched with HCs) for the present meta-analysis. Cordovil et al. (2010) assessed data in 2
time points: T1 represented the start of withdrawal and T2 the end of withdrawal. These two
time points were divided and matched with the values of the HC group, resulting in two
contrasts for meta-analysis. Kim et al. (2006) evaluated AUD patients and HCs with and
without conduct disorder. In the present meta-analysis, only data from patients and HCs
without conduct disorder was incorporated. Miranda et al. (2009) evaluated two AUD patient
groups (with or without antisocial personality disorder) with a HC group, from which the two

patient groups were matched with the HC group, resulting in two contrasts. Thus, the
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previously identified 17 studies yielded 23 contrast samples for the present aggregated
analysis.

The presence of publication bias was assessed by conforming to the guidelines
described by Sterne et al. (2011). An asymmetric visual/graphic examination of a funnel-plot
was conducted, and mathematical methods for evaluating the possibility of publication bias as
recommended by Begg and Mazumdar (1994) and Egger et al. (1997) were applied. In
Egger’s test, in case the p value belonging to the linear regression intercept is 0.1 or below, it
indicates statistically significant asymmetry. The influence and presence of outliers was
evaluated by the examination of standardised residual for every study. A study was
considered an outlier, in case its standardized residual was greater than £3.29 (Shiffler 1988).
The reason for calculating the effect of heterogeneity was to ascertain whether the results of
the studies are consistent. In our meta-analysis, Q-test for heterogeneity was calculated within
the two subgroups (Wiley 2017). The Q-test for heterogeneity is based on an approximate 2
distribution and indicates the degree of deviation from homogeneity. A significant Q-value (p
< 0.05) indicates statistically significant heterogeneity in the studies. To determine whether
AUD and GD group results differ, the two groups’ sampling variances (v, for the AUD group
and v, for the GD group) were calculated with the following formula, where d signifies the
observed Cohen’s d value:

1,1 oa
n; np 2(ng+ny)
With this calculation made, the two treatment groups could be compared with the standard
normal test statistics developed by Keef and Roberts (2004) with the formula below:
d; —d,
Vv — v,

where |z| > 1.96 indicates that the group difference is statistically significant. Moderator and

7 =

covariate analysis were conducted to evaluate the connections between the differences of
patient groups and HCs regarding the proportion of males, age, level of education and the age
of the treatment groups. Moderators were considered significant in cases of categorical

variables if Qoetween Was significant.

2 STUDY I
Since empirical research examining the different facets of impulsivity in AUD
comorbid with GD could not be identified, the focus of Study Il was to assess the comorbidity

of the two disorders with addressing impulsivity from a broader perspective. For this purpose,
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the co-occurrence of comorbid GD symptoms was assessed in patients receiving inpatient
treatment for AUD with a test battery assessing the severity of both addictions,
psychopathological symptom severity and incorporating both objective and subjective
measurements of the different aspects of impulsivity. For this, five tasks were selected,
covering four domains of impulsivity: trait impulsivity, impulsive aggression, choice

impulsivity and impulsive decision-making.

2.1 Participants

A comprehensive research project was carried out at the Department of Psychiatry,
Faculty of Medicine, University of Szeged, Hungary. Inpatients treated with chronic AUD
were measured for addiction characteristics, personality traits, executive functions,
psychopathological symptom severity and comorbid psychiatric conditions. This section of
the study mentioned above focused on the evaluation of objective and subjective measures of
impulsivity, in which a total of 104 patients were enrolled. Patients were considered to be
eligible in case they had an established DSM-5 diagnosis of AUD, finished at least primary
education and had a level of intelligence above the level of intellectual disability (Fourth
Edition of the Weschler Adult Intelligence Scale above 70). Patients with the history of
progressive neurodegenerative disorders, any psychosis spectrum disorder, diseases affecting
their sight, neurological diseases or who reported acute alcohol abuse were excluded. Due to
voluntary termination of inpatient treatment, one patient was excluded from this study; thus,
the final sample size was 103. Patients were classified into two groups based on the presence

of comorbid GD symptoms (see Figure 2 for detailed patient inclusion flowchart).
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Figure 2: PRISMA flowchart of selection procedure
DSM: The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; AUD: alcohol use disorder;
WAIS-IV: The Wechsler Adult Intelligence Scale, Fourth Edition

The study was conducted in accordance with the Declaration of Helsinki and was
approved by the Human Investigation Review Board, University of Szeged (ethical approval
number: 49/B-53/2016KK). Written informed consents were obtained from every patient.

2.2 Experimental paradigm

Barratt Impulsivity Scale (BIS)

The BIS-11 (Patton, Stanford & Barratt, 1995) is a self-evaluation questionnaire
containing 30 items measuring three aspects of impulsivity: motor impulsivity, attentional
impulsivity and non-planning. Each item is measured on a scale of 0 to 3, where higher scores
indicate higher levels of impulsivity. The Hungarian version adapted by Paksi et al. (2017)

and showed good reliability in our sample: Cronbach’s o = 0.805.
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Buss-Perry Aggression Questionnaire (BPAQ)

The BPAQ is a self-rated test for measuring 4 dimensions of aggressive impulses,
which are the following: physical and verbal aggression, hostility and anger (Buss & Perry,
1995). The Hungarian version was developed by Gerevich, Bacskai & Czobor (2007) and

showed good internal consistency and reliability in our sample: Cronbach’s a = 0.879.

Delay Discounting Task (DDT)

In the DDT, as a measure of choice impulsivity, participants are asked to make a series
of monetary choices where they have to choose between two different amounts of money that
they hypothetically receive in distinct time intervals. Once presented, the rewards vary
between OHUF and 55,000HUF in 2,500HUF increments. The two choices may differ in the
amount of money presented, and also receival are presented in a delay (0, 1, 14, 60, 180 or
365 days). One of the receival time of the two amounts signifying a closer time interval (e.g.
“now”) and the other presenting a later one (e.g. “in 2 weeks”). The DDT consists of 138
hypothetical questions presented in random order (i.e., Which of the two choices would you
select? 12,500HUF now or 50,000HUF two weeks later?). Patients select their choices with a
single click on their preferred answers, then they continue the task by selecting the ‘Next
question’ option. The aim of the task is to determine the point at which the immediate reward
is preferred over the delayed reward. This is called as the ‘indifference point’, and it can be
calculated for each period of delay. Above this indifference point, participants choose the
immediate available selection (which is given in HUF), while below the indifference point,
they select the option with delay (Mitchell, 1999).

lowa Gambling Task (IGT)

The lowa Gambling Task is considered to be one of the most frequently utilized and
ecologically valid evaluation tools for measuring decision-making as an aspect of cognitive
impulsivity. In this task, participants are asked to select 100 times from four decks of cards
with different win/loss ratio, with the aim of winning as much money as they can. To do so,
participants need to prefer decks, which result in lower immediate rewards and lower long-
term losses as well, and yield higher long-term advantages, instead of selecting decks with
higher immediate rewards accompanied with higher monetary losses (Bechara et al., 1994;
Bechara et al., 1997). Units of data analysis were the following: the 100 choices were

separated into blocks of 20 selections in each (five blocks). The amount of money won, and
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the total net score calculated by subtracting the number of advantageous selections from

disadvantageous choices were also compared.

Wisconsin Card Sorting Task (WCST)

The WCST measures executive functions, cognitive flexibility and decision-making
(Grant & Berg, 1948). In this neuropsychological test, participants are asked to sort cards
according to various rules with the only feedback of their selection being incorrect or correct.
Four sample cards are given differing in pattern, colour and number of patterns. Participants
need to match newly appearing cards under these sample cards. Cards can be classified
according to their colour, their patterns or the number of patterns on each card. In every ten
cards, the classification rule changes, which indicates that after the participant has figured out
the classification rule, eventually the rule changes and they start making mistakes, and
consequently they have to conform to the changing rules. In this study, the PEBL’s
computerised version of card sorting task was utilized (Berg, 1948; Piper et al., 2015). Units
of data analysis were the following: the number of correct responses, the number of incorrect

responses and the number of perseverative errors.

Wechsler Adult Intelligence Scale (WAIS-1V)

The WAIS-IV is the most widely used performance task to measure intelligence and
cognitive ability. It comprises of 10 subtests with 5 supplementary tests, which measure four
major components of intellectual capacities: Verbal Comprehension Index (VCI), Perceptual
Reasoning Index (PRI), Working Memory Index (WMI) and Processing Speed Index (PSI)
(Weschler, 2008). The Hungarian adaptation and standardization were conducted by Rozsa &
K6 (2008). The WAIS-IV total score was calculated, which is the cumulated scores of the
VCI, PRI, WMI and PSI.

Addiction Severity Index (ASI)

The ASI covers 7 potential problematic areas (Alcohol, Drug, Medical,
Employment/Support, Family/Social Status, Legal and Psychiatric) in a semi-structured
interview concerning recent and lifetime substance-related problems (Butler et al., 2001). The
Hungarian version was adapted by Réacz, Pogany & Mathé-Arvay (2002). From the interview,
the following variables were utilized: lifetime alcohol consumption in years, start of alcohol

misuse in years and abstinence during the last 30 days.
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South Oaks Gambling Screen (SOGS)

The SOGS is a questionnaire consisting of 20 items based on the DSM-III criteria of
pathological gambling (Lesieur & Blume, 1987). The Hungarian adaptation was made by
Gyollai et al. (2011) and showed good internal consistency. Scores between 1 and 4 indicate

possible problematic gambling, while 5 or more points show probable pathological gambling.

Alcohol Use Disorders Identification Test (AUDIT)

The AUDIT developed by the World Health Organization is self-evaluation screening
test comprising of 10 items, which assesses the severity of alcohol use and its adverse
consequences (Saunders et al., 1993). The Hungarian version by Gerevich, Bacskai & Rozsa

(2006) showed good validity and reliability in our sample: Cronbach’s a = 0.763.

Symptom Checklist-90-R (SCL-90-R)

The SCL-90-R is a self-report questionnaire containing 90 items for measuring a wide
range of currently prevailing psychopathological symptoms (Derogatis, 1986). Items are rated
from O to 4 on a scale where the more points stand for the presence of more severe
psychopathological symptoms during the past week. The test assesses nine symptom
dimensions with three global indices, from which the Global Severity Index (GSI) can be used
as an indicator of psychopathological symptoms severity. The Hungarian adaptation showed

excellent internal consistency and reliability in our sample: Cronbach’s a = 0.953 (Urban et

al., 2016; Urban et al., 2017).

2.3 Statistical analysis

Data analysis was conducted with IBM SPSS Statistics 24.0 software (IBM Corp,
2016). Based on the scores of the SOGS, the clinical sample was divided into two groups: 1)
patients who scored 0 on the SOGS were classified as AUD patients without gambling
symptoms (AUD group) and 2) patients who scored 1 or above were categorized as AUD
patients with probable or problem gambling symptoms (AUD+Gambling group). The DDT
indifference point value was computed in Microsoft Excel 2016 with a hyperbolic equation
fitted for each participant’s indifference point (Mazur, 1987; Mitchell, 1999) with the use of

the Solver subroutine:

Std
14+ kX
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where V signifies the value of the indifference point, Std is the amount of money available
(55,000HUF), k stands for a fitted parameter, which indexes the rate of discounting, and X
indicates the length of delay. The steepness of the curve (k) is fitted to the subjective value of
each point of delay. When the curve is steeper (which means that the k value is closer to zero),
the patient prefers immediate over delayed rewards, which signifies more impulsive choices.

Independent-samples t-tests were utilized to determine group differences for
continuous variables and Chi-square tests were used to compare demographic parameters of
categorical variables. Partial correlation analysis was calculated to reveal the relationship
between the different facets of impulsivity and gambling symptom severity. The effect of
demographic variables, psychopathological symptoms and measures of impulsivity on the
likelihood that patients have problem gambling symptoms was examined with binary logistic
regressions with forward stepwise regression method.

Effect sizes were calculated using Cohen’s d (Rosnow, Rosenthal & Rubin, 2000), as
the standardized difference between two means to measure the experimenter effect. Cohen
(1988) categorized effect sizes of 0.2-0.3 as a “small” effect size, 0.5 as a “medium” effect

and above 0.8 as a “large” effect size.
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VI. RESULTS
1 STUDY I
1.1 Analysis of aggregated raw data

The 17 studies and the 23 contrasts are detailed in Annex 1. Overall, a total of 792
AUD or GD patients were compared to 568 HCs. The random effects estimate indicated
impaired IGT performance in both AUD patients (N = 500; d = -0.581, CI: -89.5 < § < -
26.6%) and GD patients (N = 292; d = -1.034, CI: -156.1 < 6 < 50.7 %). It is also evident, that
AUD patients display less advantageous decision making than controls and the same is true
for GD patients (Figure 3). In order to compare the two groups’ results, sampling variances
were calculated for both AUD (v, = 0.0056) and GD groups (v, = 0.0061), from which z-
score was calculated (z = -21.0785). This indicates statistically significant difference between
AUD and GD groups, meaning that the overall deficit is more expressed in GD as compared
to AUD.
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Figure 3: Forest plot of standardized difference in means for the two subgroups

1.2 Publication bias and heterogeneity

The funnel plot depicting standard errors appears to be symmetric for both AUD (Figure 4)
and GD (Figure 5), Egger’s test for intercept indicated symmetry (intercept = 0.796, P-value
= 0.745). Similarly, the Begg and Mazumdar test could not detect evidence of publication bias
(Kendall's tau = 0.05929, p = 0.672) either.
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It was estimated that there was a high likelihood of contextual and methodological
heterogeneity because of the differing health service contexts regarding each study; therefore,
a random effects model was utilized to calculate the summary effect estimates. There was
significant heterogeneity in the sample (Qw = 131.217, df = 22, p < 0.001) but the two
subgroups (AUD: Qw = 81.72, df = 15, p < 0.001, GD: Qw = 30.62, df = 6, p < 0.001) did not
differ from each other in terms of heterogeneity (Qw = 2.097, df = 1, p = 0.149). Significant
heterogeneity was detected, thus we conducted moderator and covariate analyses on the

sample.
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Figure 4: Funnel Plot of Standard Error by standardized mean differences in AUD group
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1.3 Moderator and covariate analysis

Overall 23 contrasts provided data for moderator analysis. Based on the model that
incorporated the differences between patient groups and HCs regarding age (coefficient:
0.0270, p = 0.48) the proportion of males (coefficient: 0.0049, p = 0.46) and level of
education in the sample (coefficient: 0.0521, p = 0.50) and the age of the treatment groups
(coefficient: 0.0164, p = 0.39). None of the moderator variables had a significant effect on
decision making deficit indicated by the p-value. We also tested each moderator separately.
Since no significant difference was detected in heterogeneity between the two patient groups,
the analyses were conducted on the full sample in order to increase the power of the analyses.
Age difference between patient groups and HCs had no significant p-value (coefficient:
0.0098, p = 0.72). Age of the patient groups had no significant p-value either (coefficient:
0.0202, p = 0.24). The proportion of gender in the sample was also tested and did not differ
significantly (coefficient: 0.0048, p = 0.41); the level of education showed no significant p-
value as well (coefficient: 0.0236, p = 0.67).

2 STUDY I
2.1 Demographic data and prevalence of gambling disorder symptoms in the sample

More than two-third (76%, N = 79 out of 103) of the participants were male. The mean
age of participants was 45.7 years (SD = 10.35; age: 21 — 69). In total, 78.7% of the sample
completed secondary education and 21.4% completed graduate education. Close to one third
(31.1%) of the sample (N = 32) scored 1 or more points on the SOGS with scores ranging
between 1 and 14 points (mean = 4.69, SD = 3.5); 18 people categorised as problematic
gamblers and 14 as probable pathological gamblers. The two groups did not differ in gender,
age, education, 1Q, start of alcohol consumption or abstinence during the last 30 days, but the
AUD+Gambling group was characterised by more severe alcohol use and longer lifetime

alcohol consumption (see Table 4).
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Table 4: Demographic, alcohol and gambling related characteristics of the sample

AUD (N =71) AUD+Gambling
(N=32)
Gender (M%) 73.2% 84.3% X?3(1)=1.530,p=
0.216)?
Education% 5.6%/70.4%/24% 12.5%/71.9%/15.6% X?(2) =2.060, p =
(primary/secondary/higher) 0.357)?
Age (SD) 45.41(9.612) 46.28(11.967) t(101) = -0.394, p =
0.694°
Start of alcohol misuse in years 25,50(9_337) 22_34(11,449) t(100) =1.473,p =
(SD) 0.1445
Lifetime alcohol consumption in 16.88(9.856) 21.63(11.935) t(100) =-2.109, p =
years (SD) 0.037°
Abstinence duration during last 22.134(15.571) 17.594(9.641) t(101) =0.521, p=

30 days (SD) 0.131°

WAIS-IV Tt 1Q (SD) 92.32(14.78) 89.75(15.917) (101) = 0.798, p =
0.427°

AUDIT Total (SD) 23.62(7.316) 27.48(6.961) t(100) = -2.489, p =
0.014°

SCL-90-R GS (SD) 0.083(0.064) 0.110(0.074) t(101) =-1.856, p =

0.066°

AUD: Alcohol use disorder patient group, AUD+Gambling: Alcohol use disorder patient group with problem or
pathological gambling symptoms, SD: standard deviation, WAIS Ttl 1Q: Wechsler Adult Intelligence Scale IV
total score, AUDIT: Alcohol Use Disorder Identification Test, SCL-90-R: Symptom Checklist-90-R

aChi-square test, PIndependent sample t-test

2.2 Exploratory correlation matrix and group differences between gambling symptom severity
and demographic variables, psychopathological symptoms and measures of impulsivity
Partial correlation with age, lifetime alcohol consumption and SCL-90-R GSI as
covariates were conducted to explore the associations between these variables, where the
severity of gambling symptoms (SOGS scores) showed significant correlation with the BIS
Total Score (r = 0.278, p = 0.006), while Impulsive aggression measured with the BPAQ
Total score (r = 0.128, p = 0.209), and neuropsychological measures of impulsivity, as the
number of correct responses in the WCST (r = -0.046, p = 0.658), the number of total errors in
the WCST (r = 0.054, p = 0.602), the number of perseverative errors in the WCST (r = -0.068,
p = 0.510), the DDT (r = -0.118, p = 0.254), the total win on the IGT (r = -0.005, p = 0.962),
the number of advantageous choices on the IGT (r = 0.065, p = 0.529), the number of
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disadvantageous choices on the IGT (r = -0.065, p = 0.529) and the IGT net score (r = 0.065,
p = 0.529) did not show significant connection with the severity of gambling symptoms (see
Annex 2).

Based on the associations explored in the correlation matrix, independent sample t-
tests were conducted to explore group differences in the subscales of the BIS. Figure 6
illustrates that the AUD+Gambling group had higher scores in the BIS Nonplanning (t(100) =
-3.024, p = 0.003, Cohen’s d = -0.634) and the BIS Total scores (t(100) = -2.635, p = 0.010,
Cohen’s d = -0.555), and a tendency toward significance in the BIS Motor Impulsivity (t(100)
=-1.767, p=0.080, Cohen’s d = -0.371).
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Figure 6: Group differences in Barratt Impulsivity Scale

AUD: chronic alcohol use disorder patients; AUD+Gambling: alcohol use disorder patients with problem or
pathological gambling symptoms; BIS Motor Imp.: Barratt Impulsivity Scale Motor Impulsivity subscale; BIS
Cognitive Imp.: Barratt Impulsivity Scale Cognitive Impulsivity subscale; BIS Nonplanning: Barratt Impulsivity
Scale Nonplanning subscale; BIS Total: Barratt Impulsivity Scale Total score; the columns represent mean

values, the error bars standard deviation

2.3 The effect of demographic variables, psychopathological symptoms and measures of
impulsivity on gambling symptoms

To explore the effect of demographic variables, psychopathological symptoms and
measures of impulsivity on gambling symptoms, we performed two binary logistic
regressions with forward stepwise regression method with AUD vs. AUD+Gambling as
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dependent variable. The first binary logistic regression was performed with age, gender, 1Q
measured by the WAIS-1V and SCL-90-R GSI as covariates. The BPAQ Total score, the BIS
Total score, the number of correct responses in the WCST, the number of total errors in the
WCST, the number of perseverative errors in the WCST, the DDT score, the total win on the
IGT, the number of advantageous choices on the IGT, the number of disadvantageous choices
on the IGT and the IGT net score on the likelihood that patients have problem gambling
symptoms were entered as predictors. Assumption of collinearity was tested and resulted in
no indication of multicollinearity (Tolerance below 0.865 and VIF below 3.645 for every
variable in the model). The baseline model (B = -0.895, S.E. = 0.220, Wald y2(1) = 16.507, p
< 0.001, OR = 0.408) had an accuracy of 71.0% overall percentage. The binary logistic
regression model was statistically significant (y2(1) = 7.324, p = 0.007; R? = 0.101; Hosmer-
Lemeshow goodness-of-fit test: ¥2(8) = 2.703, p = 0.958). Increasing BIS Total score was
associated with the increased likelihood of having problem gambling symptoms (B = 0.057,
S.E.=0.022, Wald ¢2(1) = 6.631, p = 0.010, OR = 1,059, 95% CI = 1.014 — 1.105) while all
the other variables had a non-significant effect in the final model.

In the second binary logistic regression the BIS and BPAQ subscales were also
included besides the total scores, namely: BIS Motor Impulsivity Score, BIS Cognitive
Impulsivity Score, BIS Nonplanning Score, BPAQ Verbal Aggression Score, BPAQ Physical
Aggression, BPAQ Hostility score and BPAQ Anger score. Additionally, the number of
correct responses in the WCST, the number of total errors in the WCST, the number of
perseverative errors in the WCST, the DDT score, the total win on the IGT, the number of
advantageous choices on the IGT, the number of disadvantageous choices on the IGT and the
IGT net score were included as predictors with age, gender, 1Q measured by the WAIS-IV
and SCL-90-R GSI as covariates. Assumption of collinearity was tested and resulted in no
indication of multicollinearity (Tolerance below 0.819 and VIF below 3.808 for every
variable in the model). The baseline model (B = -0.895, S.E. = 0.220, Wald y2(1) = 16.507, p
< 0.001, OR = 0.408) had an accuracy of 70.0% overall percentage. The binary logistic
regression model was statistically significant (y2(1) = 8.914, p = 0.003; R? = 0.122; Hosmer-
Lemeshow goodness-of-fit test: x2(7) = 9.121, p = 0.244). Increasing BIS Nonplanning score
was associated with the increased likelihood of having problem gambling symptoms (B =
0.143, S.E. = 0.051, Wald y2(1) = 7.844, p = 0.005, OR = 1,154, 95% CI = 1.044 — 1.275),

while all the other variables had a non-significant effect in the final model.
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VII. DISCUSSION

AUD and GD show similarities concerning their clinical picture, aetiology,
comorbidity, physiology, treatment prognosis and symptomatology, from which higher
impulsivity is a core feature in both disorders. The present thesis aimed to focus on the
comprehensive evaluation of the different aspects of impulsivity and their expression in sole
diagnoses and comorbid occurrence of AUD and GD. Firstly, aggregated clinical data were
analysed in a systematic-review based quantitative meta-analysis, concentrating on the
comparison of diagnosed GD and AUD patients compared to matched HCs on a
neurocognitive task (the IGT) measuring one dimension of cognitive impulsivity: impulsive
decision-making. Then clinical data was evaluated to assess the differences in terms of the
different aspects of impulsivity examined with a range of objective and subjective
measurement tests to determine whether the co-occurrence of GD symptoms in chronic AUD
patients show more severe deficits in impulse control.

The first hypothesis (Hy) that both AUD and GD patients show impaired decision-
making measured with the IGT compared to matched HC group was confirmed. In a
systematic literature search-based meta-regression of AUD and GD patients’ decision-making
characteristics measured by a computerized neuropsychological task, the IGT, deficits were
detected in both patient groups compared to matched HC participants. The reason behind the
focus on the IGT was that this neurocognitive task is one of the most widely accepted and
clinically used computerized neurocognitive measurement option that models real-life
decision-making under laboratory circumstances (Bechara et al., 1997; Bechara, 2005). The
issue of cognitive impulsivity measured by the IGT is widely addressed in case of mental
disorders. Scientific literature up to date is not consistent in the presence of significant
differences in the IGT performance of patients with schizoaffective disorder or schizophrenia
compared to matched HC groups (Alves and Rozenthal, 2006; Pedersen et al., 2017), while
results showed that bipolar disorder patients are prone to make riskier choices compared to
HC groups (Edge et al., 2013). Impaired decision-making is also a dominant feature of
depressive disorders (Must et al., 2013), as it is in addictive disorders.

Our results are in line with previous literature focusing on the use of other
neurocognitive tasks measuring cognitive impulsivity as well (e.g. the Delay Discounting
Task or the Cambridge Gambling Task) in which AUD and GD patients exhibit significantly
and substantially larger deficits in cognitive impulsivity than matched control participants
(Lawrence et al., 2009; loannidis et al., 2017). Concerning results with the use of the IGT,

impaired decision-making is suggested to be present in the expression of poor IGT
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performance in AUD (Ando et al., 2012). This may be linked to the disturbance of global
executive functions in AUD that is strongly associated with relapse, which is imminent during
the recovery processes. Relapse prevention is a key factor in the maintenance of long-term
abstinence, although many AUD patients fail to succeed in sustaining prolonged abstinence.
This might be reasoned with dysfunctional decision-making presented in choosing
disadvantageous long-term strategies by favouring immediate rewards accompanied by the
disregard of future negative consequences. Since the IGT is considered to be a direct
assessment of measuring cognitive impulsivity and it is a clinically accepted assessment task
in addictive disorders (Bechara, 2005), this deficit displayed on the IGT of AUD and GD
patients contrasted with HC groups might be considered as a predictive factor of their long-
term objectives and lifestyle choices. AUD patients’ deteriorated performance on the IGT was
linked to premorbid personality traits as well, like higher novelty seeking (r = —0.46, p < 0.05)
or higher reward dependence (r = —0.50, p < 0.005) (Tomassini et al., 2012). AUD comorbid
with maladaptive personality traits were also connected with impairment on the IGT
performance, in which cluster B personality disorders depicted the poorest performance (Dom
et al., 2006). Concerning GD contrasted with matched HC group, significantly higher
sensation seeking was detected, which was strongly associated with impaired decision-
making, thus cognitive impulsivity (Linnet et al., 2006); however, the effect of concomitant
diagnosed personality disorders and GD on cognitive impulsivity is yet to be explored.

The second hypothesis (H2) that AUD and GD patient groups can be differentiated in
terms of decision-making measured by the IGT net scores was also confirmed, since both
patient groups showed deficits in decision-making; moreover, the presence of impaired
decision-making was even larger in the case of GD patients than in the AUD group. Analysis
of aggregated clinical data suggest that not the substance itself might lie in the background of
the deficit detected in decision-making, but rather other dysfunctions of cognitive and
personality traits that are associated with addictive disorders. There is extensive data on AUD
and GD sharing common underlying mechanisms as higher impulsivity (Lawrence et al.,
2009; Verdejo-Garcia et al., 2007), and both addictions are proved to increase the likelihood
of presenting similar comorbid psychiatric disorders (e.g. anxiety or mood disorders) (Lister
et al., 2015). GD and AUD patients show strong similarities in their neurocognitive profiles as
well: traits like impaired decision-making and cognitive impulsivity are also considered to be
vulnerability factors preceding the two addictions. To support this, two prospective studies
indicated that the existence of higher trait impulsivity predicts later emergence of AUD
(Verdejo-Garcia et al., 2008), as well as GD (Slutske et al., 2005).
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Despite literature indicating differences in age, gender and education in the course and
patterns of AUD (Crum et al., 1993; Hingson et al., 2006; Wilsnack et al., 2009) and GD
(Brunborg et al., 2016; Ibafiez et al., 2001; Jiménez-Murcia et al., 2010) as well, in the present
aggregated clinical data, moderator and covariate analysis of these variables did not yield
results for sufficiently supporting their impact in the detected deficit of decision-making. The
presence of significant heterogeneity might be the reason for that across and within the
samples. Besides age, gender and education, several other factors, such as intellect, the length
of abstinence and other psychopathological characteristics like the levels of depressive
symptoms or anxiety may contribute to the emergence and understanding of the
characteristics of cognitive impulsivity in AUD and GD. Since some clinical data (like the
length of abstinence, AUD/GD symptom severity etc.) were insufficient for evaluation in the
present meta-analysis, it is advised for future clinical studies to account for and report these
data with potentially confounding effects. Thus, further empirical and meta-analytical
scientific results are necessary to ascertain the issue of the potential effects of
psychopathological and socio-demographic characteristics on decision-making, thus cognitive
impulsivity in AUD and GD.

The present meta-analysis corroborates previous scientific literature that impairment in
decision-making, as a core symptom in addictive disorders, may not be directly connected to
the substance consumption itself, since it is not only present, but is independently and more
characteristically displayed in a non-substance-related, behavioural disorder (GD), than in a
substance-related dependence (AUD). This supports the recent re-placement in the Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) (American Psychiatric Association,
2013) where GD was moved from Impulse control disorders to Substance-related and
addictive disorders (Petry et al., 2014) as the first addictive disorder not related to a chemical
compound in this category. GD seems to bear similarities in the diagnostic criteria of other
substance-related disorders in terms of addicted patients continuing to pursue an activity
(either being gambling activity or alcohol consumption) despite its negative outcomes on the
long run, and disregarding that it result in adverse effects on their mental, physical and socio-
economic state. A parallel is notable between the mechanism described before and the
preference in short-term gain versus long-term loss or long-term gain versus short-term loss
measured with the IGT.

The third hypothesis (Hs) that the prevalence of comorbid GD symptoms with AUD
fits in with international trends in inpatient treatment unit for AUD was also confirmed, since

31.1% of chronic AUD patients reported concomitant GD symptoms. Several large,
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population-based studies conducted in English-speaking regions of the world and in Western
Europe reported a huge overlap (17-33%, depending on the exact study) between alcohol and
gambling addictions and vice versa (Daghestani et al., 1996; Lesieur et al., 1991; Lorains et
al., 2011; Petry et al., 2005). These numbers greatly exceed the prevalence data of 0.5-2%
reported in studies of general populations (Colishaw et al., 2014; Kessler et al., 2008).

The fourth hypothesis (Hs) that long-term AUD patients with comorbid GD symptoms
express higher symptom severity of substance use and psychopathological symptoms was
partially confirmed. In the clinical sample evaluated in this thesis, patients with comorbid
AUD and GD symptoms reported more severe alcohol use and longer lifetime alcohol
consumption, but psychopathological symptom severity was only significant on the level of
tendency. The quantity of alcohol intake and its relationship with the severity of GD
symptoms has already been documented in previous studies (Abbott et al., 2004; Smith et al.,
2010); additionally, the excessive number of GD patients with lifetime alcohol problems has
also been reported (Kausch, 2003). Similarly, in another study that assessed GD symptom
severity and engagement in gambling in AUD patients seeking treatment, it was shown that
elevated levels of GD symptoms positively correlated with more serious AUD, and also with
higher levels of psychopathological symptom severity (Stinchfield, Kushner & Winters,
2005). The reason for the significance on the level of tendency in the present study might lie
in the fact that both patient groups were chronic, long-term AUD patients, in which case
higher psychopathological symptom severity is a documented aspect both in case of
subclinical (Carbia et al., 2016) and clinically diagnosed samples (lwanicka, Gerhant &
Olajossy, 2017).

The fifth hypothesis (Hs) that long-term AUD patients with comorbid GD symptoms
present higher levels of trait impulsivity, choice impulsivity, impulsive aggression and
impulsive decision-making was partially confirmed, since only higher trait impulsivity proved
to be present in chronic AUD comorbid with GD symptoms. Patients with chronic AUD
receiving inpatient treatment for their alcohol dependence were assessed with or without GD
symptoms on an extensive battery comprising of objective and subjective measurements of
four sub-dimensions of impulsivity. The traditional trait concept of impulsivity was evaluated
by the BIS, as it is the most widely used measure of trait impulsivity in clinical setting. The
ability to delay immediate rewards and postpone gratifications was measured by the DDT,
being a widely accepted approach for evaluating impulsive choices. Impulsive aggression was
assessed with the BPAQ, while deficits in response inhibition and decision-making as forms
of cognitive impulsivity, were examined with the WCST and the IGT. After controlling for
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age, SCL-90-R GSI and lifetime alcohol consumption, the severity of GD symptoms showed
significant positive correlation with trait impulsivity, while only trait impulsivity proved to be
associated with the increased likelihood of having concomitant GD symptoms. Generally,
these findings could not be reasoned by the result of group differences in age, and they were
not mediated by the assessed differences in psychiatric symptom severity or years of alcohol
consumption reported either.

Regardless of intelligence, age, gender and psychopathological symptom severity,
solely higher trait impulsivity and its non-planning subdimension was linked to the co-
occurrence of concomitant GD symptoms in chronic AUD. This connection conforms to
previous scientific literature in terms that in functional imaging studies, the nonplanning
dimension of impulsivity evaluated by the BIS strongly correlated with registered volumes of
the left anterior cingulate gyrus, the right middle cingulate gyrus, left middle cingulate and
frontal gyrus and the right orbitofrontal gyrus (Cho et al., 2013). Frontal lobe dysfunction is
regarded as a leading symptom in alcohol-related impairment of the brain caused by the
prolonged misuse of alcohol (Sullivan, Harris & Pfefferbaum, 2010), thus the risk of the
emergence of comorbid GD in chronic AUD is especially high.

There is vast clinical data on the negative consequences of elevated trait impulsivity in
AUD and GD (expressed in clinical and subclinical forms as well). Keough & O’Connor
(2016) reported that higher trait impulsivity measured with the BIS proved to be a risk factor
in excessive, problematic alcohol use. Concerning diagnosed AUD, epidemiological
(Johnson, Turner & lwata, 2003), cross-sectional (Evren et al., 2012; Goudriaan et al., 2005)
and longitudinal studies (Evren et al., 2014; Rubio et al., 2008) thoroughly demonstrated the
maladaptive function of elevated trait impulsivity in AUD. In case of GD, Yan et al. (2016)
compared the impulsivity profiles of recreational, at-risk and problem gamblers and reported
higher BIS motor and attentional impulsivity in case of at-risk and problem gambling
individuals. Similarly, in case of established GD diagnosis, multiple studies demonstrated
higher levels of trait impulsivity compared to HC group (Choi et al., 2013; Lee et al., 2017).

Choice impulsivity is a dominant aspect in AUD and GD as well. Petry (2001)
reported a more rapid discounting of delayed rewards in case of AUD patients; moreover,
Alessi & Petry (2003) demonstrated a link between GD symptom severity and higher
impulsive choice-making in a delay discounting task. Petry & Casarella (1999) studied
substance abusers with and without GD and reported that substance abusers with GD
symptoms discounted delayed rewards more rapidly than patients without GD symptoms.
Despite being previously verified that GD have an additive effect on delay discounting, in
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Study 11, delay discounting was not associated with GD symptom severity nor did it increase
the likelihood of having GD symptoms in case of chronic AUD patients. A possible reason for
that may be that patients suffering from addictive disorders with or without GD symptoms are
reported to discount delayed rewards significantly more rapidly than HC individuals, thus
addictive disorders themselves are also linked to higher discounting rates (Kirby et al., 1999;
Madden et al., 1997).

Poor response inhibition related to impulsive aggression is also affected by acute
alcohol consumption (Filmore & Blackburn, 2002; Filmore, Marczinski & Bowman, 2005;
Marczinski & Filmore, 2005) and chronic misuse of alcohol and AUD as well (Hildebrandt et
al., 2004; Kamarajan et al., 2005). Response inhibition and its control is mediated by the
limbic/thalamic and prefrontal/orbito-frontal cortical circuits, and the impairment of these
interconnected circuitries might induce excessive aggressive response, i.e. impulsive
aggression (Metzger et al., 2010; Parke & Griffith, 2005). In the present thesis, impulsive
aggression measured with the BPAQ correlated with GD symptom severity, which conform to
previous scientific results, as a growing number of studies have established a connection
between GB and aggressive behaviour (94). In a longitudinal study of adolescent males tested
at three ages (12, 15 and 18 years) aggressive behaviour measured with the BPAQ was
directly connected to the emergence of increasing alcohol consumption, but a connection
between alcohol use leading to later aggressive behaviour was not established (White, Brick
& Hansell, 1993). Similarly, clinically diagnosed AUD and GD patients were documented to
report increased aggressive impulses as well (Korman et al., 2008; McPherson & Martin,
2010).

Despite that deficits of response inhibition and risky decision-making as forms of
impulsivity have previously been documented to play key roles in addictive processes, our
results did not conform to these. Since in case of chronic AUD patients with or without GD
symptoms, no differences on the IGT or the WCST could be identified, nor did these
contribute to the likelihood of developing GD symptoms. Gambling tasks involving rewards
and punishments like the IGT and tasks assessing executive frontal lobe functions like the
WCST have been extensively utilized to evaluate deficits in response inhibition and decision-
making capacities and in individuals with AUD and GD. Contrasted with HC group, AUD
and GD patients both had deficits on the IGT, they selected the larger immediate reward more
frequently despite having a larger concomitant punishment (Cavedini et al., 2002; Cordovil et
al., 2010; Forbush et al., 2008; Murray et al., 2015). Furthermore, chronic long-term alcohol

consumption is also documented to be associated with lower performance on executive
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function tests like the WCST (Guillot et al., 2010; Houston et al., 2014). As another
assessment of cognitive flexibility, it was also documented that GD patients exhibited more
perseverative errors on the WCST (Potenza, Kosten & Rounsaville, 2001). Results presented
in this thesis do not conform to these findings, which may be reasoned with the consequences
of prolonged alcohol consumption on those cortical regions that play central roles in decision-
making and response inhibition (Goudriaan et al., 2005; Lawrence et al., 2009; Potenza et al.,
2001), which in the present case did not result in an even more predominant decline in
neurocognitive performance of AUD patients with comorbid GD symptoms contrasted with
patients with sole AUD. Concerning the lack of differences besides trait impulsivity, but not
in other facets of impulsivity evaluated in this thesis, meta-analyses highlight that impulsivity
is not a unitary construct, but has a multifaceted nature with distinct manifestations in AUD
and GD compared to HC populations, demonstrating a general deficit in inhibitory control,
thus impulsive cognitive disfunction (loannidis et al., 2017; Stephan et al., 2017).

Several limitations need to be addressed regarding the studies comprising the present
thesis. Concerning Study I, given that plenty of studies yielded from the systematic literature
search did not report the IGT net scores, so these data could not be incorporated in the meta-
analysis of the aggregated clinical data. Additionally, for increasing the power of the meta-
analysis and effect size, more clinical studies with empirical raw data of IGT net scores
should be incorporated. Because of the higher level of heterogeneity in the analysed sample, a
future meta-analysis with more incorporated studies available would be able to create
subgroups within the AUD and GD patient groups based on their symptom severity. Based on
the articles’ text, another factor that contributed to bias unable to be completely controlled,
was the possibility of overlap among control groups, i.e. that HC groups matched to AUD
patient groups might contain individuals affected by GD symptoms to some extent. In this
manner, HC participants without GD might be subjected to some extent of AUD as well.

Since decision-making is only a facet of the multidimensional construct of impulsivity,
it can be assessed with the use of several different paradigms, from these the IGT is only one
of them. Multiple valid and reliable objective and subjective assessment methods and
computerized neurocognitive tasks are available, but in this study only the IGT was
incorporated. Another limitation is that only articles published in English were incorporated in
the present systematic literature search and quantitative meta-analysis. Besides completely
omitting non-English articles, multiple strategies are available for addressing literature written
any other language than English; however, in the present work, papers written in any other
languages were excluded automatically, which may implicate language bias (Grégoire et al.,
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1995). Additionally, another important limitation to note is that number of studies
investigating both AUD and GD was scarce (Bottesi et al., 2015; Kréplin et al., 2014) and
regardless of the high comorbidity previously documented in scientific literature (Feigelman
et al., 1998; Petry et al., 2005; Stinchfield et al., 2005; Welte et al., 2001), such study that
incorporated decision-making performance measured with the IGT of patients diagnosed both
with AUD and GD could not be identified. Conducting an empirical study in this manner
could be key in gaining a more detailed picture of the aspects of cognitive impulsivity of these
two disorders and could be key in the assessment of any potentially additive effect of
simultaneous AUD and GD on more characteristic impairment of decision-making.

Regarding Study II, several limitations should be considered when interpreting the
results. Since impulsivity is considered to be a complex and multidimensional construct, there
is no unanimously accepted consensus regarding its definition and operationalization of each
component, even the exact number of its components and their separability are of question. In
the present thesis, impulsivity is operationalized by self-measurement tests and computerized
neuropsychological tasks assessing four dimensions: trait impulsivity, choice impulsivity,
impulsive aggression and impulsive decision-making; hence, the present work is limited by
this notion.

Also, impulsive aggression was assessed with the use of the BPAQ, which, although
related to impulsiveness, is not considered to be an explicit measurement of impulsivity,
because it contains elements of hostility and premeditated antisocial behaviour. Additionally,
taking into account the cross-sectional nature of the present study, conclusions regarding a
potential causal relationship between the distinct facets of impulsivity and comorbid AUD
and GD symptoms cannot be drawn. In this work, only a link between more severe alcohol
consumption, longer lifetime alcohol intake and heightened trait impulsivity could be
established in case of AUD patients with comorbid GD symptoms contrasted with sole AUD
patients. Since the prolonged problematic use of alcohol leads to more impulsive actions
across individuals’ life course, it influences both subjective and objective measures of

impulsivity.
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VIIl. CONCLUSION AND MAIN FINDINGS

Impulsivity is regarded as a key concept in AUD and GD as well, that provided the
basis of the empirical research on which the present thesis is based on. Firstly, the two
disorders were separately assessed in one aspect of impulsivity, decision-making as a form of
cognitive impulsivity measured by the IGT to determine differences between the two
disorders compared to HC groups. Additionally, although in scientific literature impulsivity is
regarded as a multidimensional construct, no previous studies have incorporated a
comprehensive assessment of impulsivity in chronic AUD patients with or without comorbid
GD symptoms before.

Based on these, novel findings of the present thesis are the following:

I.  Decision-making deficit is apparent in both alcohol use disorder (AUD) and gambling
disorder (GD).
I1.  Impaired decision making is not linked to substance use itself, but rather to addictive
behaviour, since the decision-making deficit is more expressed in GD than in AUD.
1. The prevalence of comorbid GD symptoms in AUD was 31.1%, which fits in with
international trends.
IV.  Chronic AUD patients with GD symptoms exhibited more severe alcohol use and
longer lifetime alcohol consumption.
V.  Gambling symptom severity was associated with higher trait impulsivity in chronic
AUD.

VI.  Higher trait impulsivity increased the risk of problem gambling in chronic AUD.

The establishment of a link between comorbid GD and AUD in a given population
might enhance clinicians’ ability to make therapies more personalized, and could lead to the
enhancement of treatment efficacy as well, resulting in the lowering of treatment costs and the
reduce of relapse rates (Grant & Chamberlain, 2006; Winters & Cushner, 2003). Future
research could benefit from the longitudinal evaluation of the distinct dimensions of
impulsivity in chronic AUD populations. Taking special attention to its different presentations
in AUD comorbid with GD symptoms may contribute to clearing directions for providing
target-specific and effective treatment approaches. Integrating the comprehensive assessment
of GD symptoms into the treatment regime of AUD patients might help in reducing the
additive adverse effects of comorbid AUD and GD related problems.
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qualitative meta-analysis
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Annex 2: Exploratory correlation matrix of study variables
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*correlation is significant at the 0.05 level
SOGS Total: South Oaks Gambling Scale total score; WAIS Ttl 1Q: intelligence score measured with WAIS-1V; BIS Total:
Barratt Impulsivity Scale total score; BPAQ Total: Buss-Perry Aggression Questionnaire total score; WCST correct:
Wisconsin Card Sorting Task correct answers; WCST incorrect: Wisconsin Card Sorting Task incorrect answers; WCST
pers. err.: Wisconsin Card Sorting Task perseverative errors; DDT: Delay Discounting Task; IGT total win; lowa Gambling
Task total amount of money won; IGT adv. ch.: lowa Gambling Task total number of advantageous choices; IGT disadv.

ch.: lowa Gambling Task total number of disadvantageous choices; IGT net score: lowa Gambling Task net score






Szerencsejaték-hasznalati zavar és
alkoholhasznalat-zavar - hasonlosagok és kiilonbségek

Andoé Balint', Kovacs lldikd!, Janka Zoltan', Demetrovics Zsolt? 169

1 SZTE AOK Pszichiatriai Klinika, Szeged
2 E6tvds Lorand Tudomanyegyetem, Pszicholégia Intézet

Osszefoglalds: A szerencsejdték-haszndlati zavar lassan hdrom évtizede szerepel a Mentdlis Zavarok Diagnosztikai és
Statisztikai Kézikonyvében (DSM), és ez idé alatt diagnosztikai kritériumrendszere jelentds vdltozdson ment keresztiil.
A DSM legtijabb, otodik kiaddsdban a szerencsejdték-haszndlati zavar az Impulzuskontroll-zavarok koéziil az Addik-
tologiai zavarok kozé keriilt, felismerve és kinyilvdnitva ezzel azt, hogy a szerencsejdték-haszndlati zavar hasonlo jel-
legzetességeket mutat, mint a szerhaszndlati addikciok. Jelen 6sszefoglalé tanulmdny célja ezen dtsorolds indokainak
feltdrdsa, valamint a szerencsejdték-haszndlati zavar és az alkoholhaszndlat-zavar kozotti hasonldsdgok feltérképe-
zése tiinettani, etiologiai és epidemioldgiai szempontok mentén.

Kulcsszavak: alkoholhaszndlat-zavar; szerencsejdték-haszndlati zavar; tiinettan; komorbiditds; etioldgia; kezelés

Summary: Gambling disorder has been listed in the Diagnostic and Statistical Manual of Mental Disorders (DSM) for
more than three decades. During this time, its diagnostic set of criteria has gone through significant changes. In the
DSM-5, gambling disorder has been moved from Disruptive, Impulse-Control and Conduct Disorders to Substance-
Related and Addictive Disorders, which acknowledges and expresses that gambling disorder has similar features
compared to substance related disorders. The aim of the present review is to reveal the reasons behind this category
replacement, and to examine the similarities between gambling disorder and alcohol dependence from the perspec-

tives of symptomatology, etiology and epidemiology.

Keywords: alcohol use disorder; gambling disorder; symptomatology; comorbidity; etiology; treatment

Bevezetés

Az 4j neurolégiai, neurobiolégiai, genetikai, vi-
selkedéstudomdnyi, epidemioldgiai és egyéb
tudomadnyteriileteken végzett vizsgalatok nagy-
mértékben alakitjdk és pontositjdk a mentalis
és viselkedési zavarokrol alkotott tudasunkat, s
ez képezi a DSM (Diagnostic and Statistical Ma-
nual of Mental Disorders, Mentalis Zavarok Di-
agnosztikai és Statisztikai Kézikonyve) (1), folya-
matos fejlesztésének, modositdsainak hdtterét.
A 2013-ban megjelent DSM-5 a korédbbi kiadds-
hoz (DSM-1V) képest szdmos valtozast hozott,
azonban jelen dttekintés a szerencsejaték-hasz-
ndlati zavar diagnosztikai jellegzetességében
bekovetkezett valtozdsokra fokuszal (2).

Az, hogy véltds tortént a diagnosztikus kateg6-
ridkon beliil - a szerencsejaték-haszndlati zavar
az impulzuskontroll-zavarok kéziil az addikto-

l6giai zavarok kozé keriilt — arra utal, hogy a ku-
tatdsok egy irdnyba mutatnak, miszerint a sze-
rencsejaték-fliggdség hasonlé jellegzetességeket
mutat, mint a szerhaszndlati addikciék (3). Epi-
demiolégiai, etiolégiai, szimptomatolégiai szem-
pontokat figyelembe véve az elmuilt évtized ku-
tatdsai egyértelmtiien azt jelzik, hogy a szeren-
csejaték-haszndlati zavar (kordbban, a DSM-IV
terminoldgidjdban koros jatékszenvedély) dtfe-
dést mutat a kémiai addikciokkal, kiilonos te-
kintettel az alkoholhaszndlat-zavarral. Jelen 4t-
tekintés e két zavar kozotti kapcsolatot vizsgal-
ja. Ennek sordn az alkoholproblémadk diagnosz-
tikus kritériumait 6sszevetjiik a szerencsejaték-
haszndlati zavar (kordbbi terminolégia szerint
patolégids/koros szerencsejaték) diagnosztikus
kritériumaival, mivel a vizsgdlatok azt mutat-
jak, hogy a ,pszichoaktiv szerek haszndlatdval
kapcsolatos zavarok” (DSM-1V) koziil ezzel mu-
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tat a legnagyobb komorbiditast (2, 4). Megkisér-
liink tovdbba vélaszt taldlni arra, hogy mi lehet
az oka a két zavar kézotti magas komorbidités-
nak, illetve, hogy a kutatdsok mennyiben ta-
masztjdk ald a szerencsejaték-haszndlati zavar
addiktoldgiai zavarként torténd értelmezését.

A Szerencsejaték-haszndlati zavar
alakulasa a DSM rendszerében

A kéros jatékszenvedély elsé alkalommal az
1980-ban kiadott DSM-III-ban jelent meg 6nal-
16 betegségként az impulzuskontroll-zavarok
kozott. A DSM kovetkezd, negyedik kiaddsdban
a kéros jatékszenvedély tiz diagnosztikus krité-
riumdt hatdroztdk meg, amelyekbdl legalabb
otnek kellett teljesiilnie a diagnézis feldllitdsa-
hoz. A zavar tovdbbra is az impulzuskontroll-
zavarok kozott maradt. A DSM-IV revizigjat ko-
vetéen a DSM-5-ben a kordbban kizarélag ké-
miai addikciékat tartalmazé csoport megnyilt
az egyéb fliggdségek eldtt is, és elséként (€s
egyelGre egyetlenként) a szerencsejaték-fiiggo-
ség keriilt be az addiktolégiai zavarok kézé. Ko-
rébban felmeriilt, hogy az internetfiiggség vagy
videojaték-fiiggdség is ebbe a csoportba kertil-
jon, végiil azonban az internetes jaték zavar
(internet gaming disorder) csupdn a DSM mel-
lékletében kapott helyet, 6néll6 diagnosztizal-
haté zavarként egyelére nem jelenik meg (5). A
névvdltoztatds — szerencsejdték-haszndlat za-
vara (gambling disorder) — sziikségességének
indokldsdban szerepet jatszik a szocidlis stigma
csokkentésének szdndéka, de az is, hogy jobban
kifejez6djon a jelenség spektrum jellege, amely
a szocidlis-rekredciés (adott esetben probléma-
mentes) jatéktol a problémads — addiktiv — visel-
kedésig terjed. De nemcsak az elnevezésben,
hanem a kritériumrendszerben is torténtek val-
tozdsok. A DSM-5 diagnosztikus kritériumai
kozé igy nem keriilt be az illegdlis aktivitdsra
vonatkoz6 tétel (,lllegdlis cselekményeket,
mint hamisitdst, csaldst, lopdst vagy sikkasztast
kovet el, hogy finanszirozza szerencsejdtékat”).
Az indokldsa szerint ez a kritérium nem nyujt
segitséget a szerencsejaték-haszndlati zavar
differencidldiagnosztikdjdban, azaz ennek a

kritériumnak a kivétele nem befolydsolja ér-
demben a szerencsejaték-zavar prevalenciaér-
tékét (2, 4, 6).

A szerhaszndlati diagnézisokhoz hasonléan a
szerencsejaték-haszndlati zavar is dimenziona-
lis szemléletti lett, azaz kiillonb6z6 stlyossdgu
diagnozis 4llithato fel (1d. a tlinettannal foglal-
kozé fejezet). A DSM-5 munkacsoport javaslata
alapjan a pontosabb diagnézis feldllitdshoz
csokkenteni kellett a kiiszobszintet, azaz leg-
aldbb négy kritérium teljesiilése esetén allitha-
t6 fel a diagnézis (2, 4).

Alkoholhasznalat-zavar €és
a szerencsejaték-haszndlati zavar:
tinettani elemzés

A DSM-5 a ,Szerrel 6sszefliggd és egyéb addik-
tiv zavarok” kozott kezeli mind az alkoholhasz-
ndlati, mind a szerencsejaték-hasznélati zavart.
A kritériumok 6sszehasonlitdsa az 1. tdbldzaton
lathaté.

Megfigyelhetd, hogy a szerencsejaték-haszna-
lati zavar kritériumai jelentés atfedést mutatnak
a szerfiiggdségek kritériumaival (1. tdblazat).
Fontos hangstilyozni, hogy azokban az esetek-
ben, ahol a kritériumok nem feleltethet6k meg
egymdsnak egy az egyben, tlineti szinten ott is
jelen van a kolcséndsség. Igy bar az idérafordi-
tds vagy a sovargds kritériuma explicit médon
nem jelenik meg a szerencsejdték-zavar eseté-
ben, ettél még ezek a jellemzdk a tiineti kép
szerves részét képezik. A munkahelyi teljesit-
mény, egzisztencidval és az interperszondlis
kapcsolatok terén tapasztalt hatranyok mellett
empirikus vizsgédlatokban igazoltdk, hogy a sze-
rencsejaték-haszndélati zavarral kiizdék eseté-
ben s6véargds (7), megvondsi tiinetek (8), tole-
rancia (9) és gyakori visszaesés (10) is tapasztal-
haté. Ezen dimenzidk egyértelmiien megjelen-
nek az alkoholhaszndlat-zavar esetében is.

Ahogy az a tlinetek 6sszegz€sébdl is kitlinik
(2. tablézat), a zavar kozos klinikai jellemzdket
mutat, ilyenek példdul a kontrollvesztés, a s6-
vargds vagy a magasabb szintli impulzivitds.
Szintén kozo6s vondsa a két zavarnak, hogy
mindkettd esetében annak ellenére folytatjdk a
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1. tablazat
Az alkoholhasznalat zavara és a szerencsejaték-hasznalati zavar diagnosztikus kritériumanak 6sszehasonlitésa (a kritériumok utan a DSM-5 szerinti szamozast jeloltiik)

Alkoholhasznalat-zavar Szerencsejaték-hasznalati zavar

A szandékoltnal nagyobb mennyiség vagy
hosszabb idén at tartd alkoholfogyasztas (1)

Tartos vagy vagy sikertelen prébalkozasok az alkohol- Ismételt sikertelen probalkozasok a szerencsejaték
hasznélat cstkkentésére, abbahagyasara (2) kontrollalaséara, abbahagyasara (3)

Jelent6s mennyiségU idéraforditas az alkohollal
kapcsolatos tevékenységekre (3)

Sovargas (4)

A 16 szerepkotelezettségek teljesitésének kudarca (5) Fontos kapcsolatot, munkat, tanulasi vagy
karrierlehet6séget ad fel a szerencsejaték miatt (8)

Folyamatos hasznalat a nyilvanval¢ interperszonalis Fontos kapcsolatot, munkat, tanulasi vagy
és tarsas problémak ellenére (6) karrierlehetdséget ad fel a szerencsejaték miatt (8)
A tevékenységek feladdsa az alkohol miatt (7) Fontos kapcsolatot, munkat, tanulasi vagy

karrierlehet6séget ad fel a szerencsejaték miatt (8)

Alkoholhasznalat kockazatos helyzetekben (8)

Folyamatos hasznalat a nyilvanvalé testi és lelki

problémak ellenére (9)

Tolerancia (10) Egyre nagyobb pénzbeli tétek (1)

Megvonas (11) A szerencsejaték tevékenység csokkentésekor

ingerlékenység vagy nyugtalansag (2)

A szerencsejatékkal kapcsolatos gondolati lekotottség (4)

Gyakran jatszik, ha rosszul érzi magat
(blintudat, szorongas, depresszid) (5)

A veszteség uldozése (6)

Hazudik a szerencsejaték mértékének
elkend6zése érdekében (7)

Masokra tamaszkodik a szerencsejaték miatt eléallt
kilatastalan pénzugyi helyzet megoldasara (9)

Megjegyzés: Alkoholhasznalat-zavar esetében enyhe zavar 2-3 tlnet esetén, mérsékelten sulyos zavar 4-5 tlnet esetén,
és sulyos zavar 6 vagy tobb tlnet esetén. Szerencsejaték-hasznalati zavar esetében enyhe zavar 4-5 tinet esetén, mérsé-
kelten sulyos zavar 6-7 tlnet esetén, és sulyos zavar 8-9 tlnet esetén.

2. tablazat

Alkoholhasznalat-zavar és szerencsejaték-hasznélati zavar hasonlé jellegzetességei

Alkoholhasznalat-zavar Szerencsejaték-hasznalati zavar
tolerancia kialakulasa

kontrollvesztés

sovargas

megvonasi tinetek kialakulasa

munkahelyi/egzisztencialis hatranyok

magas relapszuskockazat

megemelkedett impulzivitas

gatléfunkciok zavara

magas komorbiditas mind serdUlé-, mind felnéttkorban

kezelésben térténd alacsony részvételi arany
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szerencsejatékot/alkoholfogyasztdst, hogy az
karos az egészségiikre, az anyagi helyzetiikre €és
az interperszondlis kapcsolataikra nézve, vala-
mint hasonlé aspektus a két fiiggéségben, hogy
mindkettd esetében megfigyelhetéek a ,hasz-
ndlat” csokkentésére irdnyulo sikertelen kisér-
letek.

Mindkét jelenség magyardzhat6 tovdbb4 az
impulzivitdssal, illetve a gétldskontroll deficit-
jével, abban az esetben, amikor az azonnali po-
zitiv megerdsités kertil el6térbe és vélik a visel-
kedés abszoldt meghatarozéjava (11).

A sévdrgds tekintetében is megfigyelhet6ek
hasonlésdgok a két zavar esetében. Mindkét
esetben megfigyelhetd a sévargds jelensége,
amelyet igy hatdrozhatunk meg, mint egy erds,
kifejezett vagy a szerhasznélatra/szerencseja-
tékra, vagy egy olyan, szerrel/jatékkal kapcsola-
tos pozitiv jutalmazé emlék, amely feliilirja a
negativ tapasztalatokat. A két zavarral Ossze-
fiiggd s6vargas esetében azonban kiemelkedd-
ek a kiilonbségek, és figyelembe kell venni az
érzelmi allapotot: szerencsejaték-haszndlati
zavar esetében forditott kapcsolatot allapitot-
tak meg a pozitiv érzelmek és a jaték irdnti s6-
vargas kozott, amelybdl arra kovetkeztettek,
hogy a szerencsejaték egyfajta megkiizdési esz-
koz a pozitiv érzelmek/tapasztalatok hidnydval
(7). Egy madsik tanulmdanyban az alkoholhasz-
ndlat-zavar és a szerencsejaték-haszndlati za-
var esetében megfigyelt sovargds jellegzetessé-
geit vetették Ossze. Eltérést figyeltek meg abban
a tekintetben, hogy a szerencsejaték-haszndlat
kapcsdn tapasztalt sévéargds jobban kotédik a
kornyezeti tényezékhoz, mig az alkoholhaszna-
lat-zavar esetében inkabb a fellép6 negativ élla-
pothoz kapcsolédik, amely az alkoholhasznélat,
mint a valésdg el6li menekiilés elméletét erdsiti
meg (12).

Az alkoholdependencidhoz hasonléan, a sze-
rencsejaték-haszndlati zavarban is megfigyel-
het6k megvondsos tiinetek. A szerencsejaték-
fligg6ség terdpids kezelése sordn a kezelésben
résztvevok 30-40%-4andl erds viselkedés- és han-
gulatzavarokat tapasztaltak. Ezek mindsége és
milyensége erds hasonlésdgot mutatott az alko-
holmegvonds sordn tapasztalt megvonadsi tiine-
tekkel, amelyek a kévetkezék: alacsony hangu-

lati fekvés, irritdbilitds, motoros agitacio, tre-
mor, a koncentrécié és a figyelem fékuszaldsa-
nak zavara (8).

A szerencsejdték-haszndlati zavarban a fole-
rancia kialakuldsat is dokumentéltak, ugyanugy,
mint az alkoholhaszndélat-zavarban. Griffiths
vizsgdlatdban arra hivta fel a figyelmet, hogy az
idGszakos és a rendszeres szerencsejatékosokat
0sszehasonlitva ldthatd, hogy a szerencsejaték-
fliggdk fiziolégiai szinten is adaptdlédtak a sze-
rencsejatékhoz, igy ahhoz, hogy ugyanazt a
pszicholdgiai, fiziolégiai dllapotot érjék el, jelen-
tésen novelniiik kellett a jatékkal toltott id6t. Ez
a jelenség parhuzamba éllithaté az alkoholfiig-
gbségben kialakul6 szertolerancidval (9).

A szerencsejdték-zavarban, a pszichoaktiv
szerekkel kapcsolatos fliggdségekhez hasonlé-
an jellemzdek a visszaesések. Vizsgdlatok ravila-
gitottak, hogy hasonlé pszicholégiai, bioldgiai
és tarsas/kornyezeti faktorok — példdul: hason-
16 személyiségjegyek (neuroticizmus €és extra-
verzid), kognitiv torzitdsok (kontrollérzet illd-
zidja a hasznélat felett), megkiizdési mechaniz-
musok (maladaptiv megkiizdési médok alkal-
mazdésa stressz-szitudcidkban) és személyiség-
vondsok (magasabb impulzivitds, magasabb
szenzoros élménykeresés) — jdtszanak szerepet
mindkét zavar esetében a relapszus kialakula-
sdban (10).

Jelenpreferencia, impulzivitds, és a gatlas-
funkci6 zavara jellemzi a szerencsejaték-hasz-
ndlati zavar és az alkoholhasznélat-zavar klini-
kai képét (12-14) egyarant. A két zavar egyiittes
fenndlldsa esetén azokat, akiknél mindkét zavar
jelen volt, nagyobb mértéki kockazatvallalas
jellemezte (15), tovdbbd az alkoholhaszndlat-
zavar és a szerencsejaték-haszndlati zavar kii-
16n-kiilon is érintett: dontéshozatali deficit ki-
mutathaté mindketténél (16).

Nemcsak klinikai, hanem szubklinikai min-
tén is igazoltdk az impulzivitds és a szerencseja-
ték, valamint az alkoholhaszndlat 6sszefiiggé-
seit. Mind a szerhaszndld, mind a szerencseja-
tékos csoport magasabb mért impulzivitdst mu-
tatott kontrollcsoporthoz viszonyitva, tovdbba
azon személyek, akiknél alkoholhasznélatot és
szerencsejatékot is megéllapitottak, még maga-
sabb impulzivitdst mutattak (17).
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Ko6z0s etiolégiai faktorok

A szerhasznadlati problémaék esetében a pszicho-
aktiv szer (jelen esetben az alkohol) okozta kré-
nikus neurobiolégiai hatds miatt fokozatosan
csokken a gétlds képessége, amit a prefrontdlis
kéreg medidl (18). Ez a lehetséges egyik tt az
emelkedett impulzivitds hétterében, azonban
egyre tobb tanulmdny szerint a gatlasfunkcio
deficitje mér kordbban fenndllt a szerhasznélat
elétt és vulnerabilitdsi faktornak tekinthet6 a
kialakuldsra nézve, medidlja a rekredciés hasz-
ndlatbdl a dependencidba valé dtmenetet. E ket-
t6 egy lehetséges értelmezése, hogy egyszerre
jelenik meg tiinettanilag is, illetve az etiolégiai
tényezd6k kozott is az impulzivitds, azaz, hogy a
szerfiigg személyek eleve impulzivabb szemé-
lyiségek, és ezt fokozza a szer hatdsa (11).
Szerhaszndlat szempontjabol hdrom riziké-
csoportot lehet elkiiloniteni: (a) serdiilék foko-
zottan ki vannak téve a szerhasznalat veszélyei-
nek; (b) olyan klinikai csoportok, amelyek ex-
ternalizdlé viselkedészavarokat mutatnak (pl.:
figyelemhidnyos hiperaktivitds-zavar és maga-
tartdszavar) és (c) szerfiigg6séggel diagnoszti-
zalt szlil6k gyermekei genetikai és kornyezeti
faktorokbdl eredéen fokozott veszélynek van-
nak kitéve (11). Mdr serdiil6korban egytitt jar a
szerencsejaték-haszndlati zavar és alkoholhasz-
ndlat-zavar (19), valamint feln6ttkorban is nagy
a komorbiditds a kettd kozott, ezért feltételez-
hetd egy k6z06s etioldgiai hdttér a két zavar hat-
terében. Ikervizsgédlatokban igazoltdk a szeren-
csejaték-haszndlati zavar és az alkoholhaszna-
lat-zavar kozos genetikai prediszpoziciéjat.
Olyan ikerpdrok esetében, akiknél a DSM-IV
alapjan koros jatékszenvedélyt diagnosztizal-
tak, nyolcszor nagyobb eséllyel szerepelt kértor-
ténetiikben az alkoholhaszndlat zavara, Gssze-
hasonlitva azokkal az ikerparokkal, akiknél a
zavart nem diagnosztizdltdk. Mind monozigéta,
mind dizig6ta ikerparok esetében mar szubkli-
nikai szerencsejdték-haszndlati zavar fenndalla-
sa esetén is jelent6sen magasabb a komorbid
alkoholhaszndlat-zavar fenndlldsdnak esélye:
50,4% monozigota és 44,3% dizigéta ikerparok
esetében, mig a nem szerencsejatékos ikerparok
esetében 33,5% és 35% az alkoholhasznélat-za-

var fenndlldsanak esélye (20). Tovabbd szdmos
faktort azonositottak, amely fennélldsa mellett
jelentésen megnd mind az alkoholhaszndlat-za-
var, mind pedig a szerencsejdték-zavar kialaku-
lasdnak az esélye. Ilyen tényez6 példaul a gyer-
mekkori maladaptiv bdndsmdd, vagy pedig a
csalddi halmozdédas (alkoholfiiggd vagy szeren-
csejatékos sziil6k gyermekei nagyobb szdzalék-
ban védlnak maguk is szer-/jatékfiiggévé) (21).
Az addikciéknak, beleértve a szerencsejaték-
haszndlati zavart, neuropszicholégiai szem-
pontbdl k6zos vulnerabilitdsi faktorai vannak.
Szdmos vizsgdlat dsszegzése alapjdn a szeren-
csejaték-haszndlati zavarral diagnosztizalt sze-
mélyek d6nbevallds alapjan mért magasabb im-
pulzivitdsrél szdmoltak be, valamint esetiikben
a kiilonb6z6 neuropszicholégiai tesztek alapjan
alacsonyabb gdtlaskontrollt figyeltek meg. E
vizsgélatok alapjdn az a feltételezés latszik alé-
tdmasztottnak, hogy az impulzuskontroll zava-
ra megelézi a fiigg6ség kialakuldsat, igy a kiilon-
b6z6 addikcidk kialakuldsdban vulnerabilitdsi
faktorként azonosithaté (11). Agyi képalkoto el-
jardsokat alkalmazé és neurokémiai vizsgéla-
tokban azt is kimutattdk tovdbbd, hogy a szer-
fiiggségek esetében egyazon agyi jutalmazoé
rendszer hasonléan aktivalédik, mint a szeren-
csejaték-zavar esetében (nucleus accumbens
seldrasztdsa” dopaminnal, hippocampus és
amygdala pedig az erds éromérzet emlékének
rogziiléséért és a hasonld ingerre kondiciondlt
valasz megalkotdsdban jatszik szerepet) (14, 22).

Komorbiditas

Epidemiolégiai szempontbdl is hasonlésdgok
mutatkoznak a szerencsejdték-haszndlati zavar
és az alkoholhasznélat-zavar kézott. A National
Epidemiologic Survey on Alcohol and Related
Conditions (NESARC Study) (22) és a National
Comorbidity Survey Replication (NCS-R) (23)
pszichidtriai epidemioldgiai vizsgalatok szerint
a problémads szerencsejatékkal az egyik leggyak-
rabban egyiitt jaré probléma a rendellenes al-
koholfogyasztds. Amerikai normdl populaci6s
felmérés eredményei alapjan a feln6ttek kozel
90%-a prébalt mar ki valamilyen szerencsejaté-
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kot, de koziiliik csak kicsivel t6bb, mint 10%-uk
nevezhetd problémads szerencsejdtékosnak, mig
ennél is kevesebb esetében diagnosztizdlhaté6 a
tényleges klinikai szerencsejaték-zavar. Ezzel
szemben szerfiiggd felndttek esetében a szeren-
csejaték-zavar prevalencidja 29% (ehhez képest
normal populdci6 esetében ez az ardny 5%) (24,
25). A patologids szerencsejédték élettartam-pre-
valencdja 0,42%, valamint a patoldgids szeren-
csejatékosok kozel haromnegyedénél (73,2%)
valamilyen komorbid szerfiiggéséget is diag-
nosztizdltak, 60,4%-uk nikotinfiigg6ségben,
49,6%-uk hangulatzavarban, 41,3%-uk pedig
szorongésos zavarban szenvedett, mig 60,8%-
ukndl pedig valamilyen személyiségzavart di-
agnosztizaltak (23).

Egyéb pszichidtriai zavarok
el6fordulédsa

A szerencsejaték-hasznadlati zavar és az alkohol-
haszndlat-zavar esetében is hasonlé komorbid
pszichidtriai zavarok meglétét igazoltak. Mind-
két fligg6ség nagymértékii egylitt jardst mutat a
hangulatzavar-spektrum eltéréseivel, a szoron-
gdsos zavarokkal, a szuicidiummal és egyes
személyiségzavarokkal. Csaktigy, mint alkohol-
fliggdségnél, szerencsejaték-haszndlati zavar
esetében is emelkedettebb szintet mutatnak a
személyiségzavarok, valamint a ketté egyiittes
fenndllasa jelentdsen noveli a szuicidium kocka-
zatdt (26). Egy nagymintds vizsgdlat alapjdn azt
is kozolték, hogy a patolégids szerencsejatéko-
sok tobb mint 79,1%-4dndl kimutathaté valami-
lyen pszichiatriai zavar, amelyek koziil a kiilon-
b6z6 szerfiigg6ségek, hangulat- és szorongdsos
zavarok, valamint a szuicidium mutatta a leg-
nagyobb mértékli 6sszefiiggést (27). Tovabbi, a
témdban végzett metaanalizis is ezen komorbid
zavarok meglétét tdmasztotta ald: szdmos ta-
nulmdny eredményeit 6sszesitve a szerencseja-
ték-haszndlati zavarral egyéb szerhaszndlati
zavarok 57,5%-ban, hangulatzavarok 37,9%-
ban, mig szorongdsos zavarok 37,4%-ban jar-
nak egytitt (28).

Hasonl6sdgok a prognézis tekintetében

Mind szerencsejaték-haszndélati zavar, mind pe-
dig alkoholhaszndlat-zavar esetében alacsony a
kezelésben valo részvételre valo torekvés, csak-
Ggy mint maga a terdpids kezelésekben torténé
részvétel is (19, 29). Szerencsejaték-haszndélati
zavarral diagnosztizdlt személyek alig 10%-a
keres kezelést. A kezelésben torténé részvételi
ardny még alacsonyabb (7% koriili) olyan sze-
mélyek esetében, akik ugyan problémads sze-
rencsejatékosok, de a zavar ndluk nem diag-
nosztizdlhaté. A kezelésben torténd részvételi
aranyok alkoholbetegek esetében is hasonléan
alakulnak, a fiigg6séggel diagnosztizalt betegek
alig 12%-a keres professziondlis segitséget (29).

A téméban végzett vizsgélatok abba az irdny-
ba mutatnak, hogy a szerencsejaték-haszndélati
és az alkoholhaszndlat-zavar egyiittes fenndlla-
sa esetében ezek kolcsonhatdsai befolydsolhat-
jak a terdpids kimenetelt. Egy vizsgdlatban
olyan szerencsejaték-fiigg6k alkoholfogyasztdsi
jellemzdit tartdk fel, akik szerencsejaték-fligg6-
ségiikre kezelésben részesiiltek. Megfigyelhet6
volt, hogy bar a kezelés megkezdésével parhu-
zamosan alkoholfogyasztdsuk mértéke is egy
id6re csokkend tendenciat mutatott, de a keze-
lésben elt6ltott id6 sordn ez a csokkend tenden-
cia elmult, és a minta 31%-a excessziv, problé-
maés alkoholhaszndlatot mutatott (21). Ennek
tiikrében egy kutatdsban arra kerestek vélaszt,
hogy az elézetesen fenndll6 alkoholhaszndlat-
zavar befolydsolja-e a szerencsejaték-viselke-
dést és a kezelés hatékonysagat. Az dertilt ki,
hogy a silyosabb alkoholfligg6ség stlyosabb
szerencsejaték-zavarral mutatott erds pozitiv
kapcsolatot, valamint a kettd egyiittes fennalla-
sa mellett egyéb pszichés tiinetek is erételjesen
jelentkeztek (30).

Konklizio

A mentdlis betegségek diagnosztikai és statisz-
tikai kézikényvének legijabb, 6todik kiaddsa-
ban a szerencsejaték-haszndlati zavar az im-
pulzuskontroll-zavarok koziil atkertilt az addik-
tolégiai zavarok kozé. Jelen attekint6 tanulmdany



kozéppontjdban azon hasonlésdgokat vettiik
szamba, amelyek az &tsoroldst indokoltdk (2).
Lathatd, hogy a két betegség tiineti hasonlésa-
gokat mutat azokban a kardindlis pontokban,
amelyek az addikci6 alapjat képezik. Mindkét
zavar esetében megjelenik a megemelkedett to-
lerancia (9), a kontrollvesztés, a szerencsejaték,
illetve az alkohol irdnti s6vargds (7), és az addik-
ciotol torténd tartézkodds esetén megvondsi
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ABSTRACT

Background and aims: Gambling disorder (GD) and alcohol use disorder (AD) have similar features, such as
elevated impulsivity and decision-making deficits, which are directly linked to relapse and poor therapeutic
outcomes. Our aim was to assess decision-making characteristics in GD and AD patients compared to healthy
controls (HC) based on one of the most frequently used measures of decision-making: the Iowa Gambling Task
(GT).

Methods: In our systematic literature search of three databases, we identified 1198 empirical articles that
mentioned decision-making deficits with the use of the IGT in patients diagnosed with either AD or GD. Possible
effects were calculated using meta-analysis. In the end, 17 studies (including 1360 participants) were suitable for
inclusion in the meta-analysis reporting data for 23 group contrasts.

Results: The random effects estimate indicated impaired IGT performance in both AD patients (N = 500;
d = —0.581,CL:-89.5 < 8§ < —26.6%) and an even greater deficit in GD patients (N = 292;d = —1.034, CL:-
156.1 < & < 50.7%) compared to HCs. Sampling variances were calculated for both AD (v; = 0.0056) and GD
groups (vo = 0.0061), from which the z-score was calculated (z = —21.0785; p < 0.05), which indicates a
statistically significant difference between AD and GD groups. No significant moderating effects of age, gender or
education were found.

Conclusions: There is enough evidence to support that decision-making deficit associated with addictive dis-
orders, and that the deficit is more expressed in gambling disorder than in alcohol use disorder. Impaired de-
cision-making plays an important part in poor therapeutic outcomes, thus provides a promising opportunity for
cognitive intervention.

1. Introduction

et al., 2005; Welte et al., 2001) and treatment seeking groups
(Feigelman et al., 1998; Stinchfield et al., 2005). One of the possible

Gambling disorder (GD) is currently the only non-substance related
addiction listed under “Substance-Related and Addictive Disorders” in
the fifth edition of the Diagnostic and Statistical Manual of Mental
Disorders (DSM) (American Psychiatric Association, 2013). Substantial
empirical evidence has highlighted similarities and common features
between GD and other substance related disorders, particularly alcohol
use disorder (AD) (Petry et al., 2014). One of the similarities between
GD and AD is cognitive impulsivity, which stems from maladaptive
decision-making strategies, and what is generally considered to be a
strong predictor of behaviour and treatment outcomes (Krishnan-Sarin
et al., 2007; Moeller et al., 2001; Verdejo-Garcia et al., 2007).

Recent etiological studies report that GD and AD are highly co-
morbid both in community (Cunningham-Williams et al., 1998; Petry
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reasons behind this elevated comorbidity is the biological and phe-
nomenological similarity between GD and AD. Studies demonstrated
that GD and AD have mutual underlying genetic (Blanco et al., 2006;
Slutske et al., 2010), epidemiological (Cunningham-Williams et al.,
1998; Petry et al., 2005), and etiological (Kessler et al., 2005; Welte
et al., 2001) factors. The two disorders share common symptomatology
such as craving (de Castro et al., 2007), withdrawal symptoms and
tolerance (Blaszczynski et al., 2008), frequent or multiple relapses
(Ledgerwood and Petry, 2006), the use of inadequate coping mechan-
isms (Crocq, 2003), and/or failure in response inhibition (Lawrence
et al., 2009a).

Besides biological and psychological factors, social context is also an
important domain of gambling and drinking behaviour. There is
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evidence that higher prevalence of problem gambling is closely linked
to the availability and expansion of gambling venues, where alcohol is
commercially available (Markham et al., 2012). Multiple studies also
reported that both GD and AD show similar differences concerning
gender, age and education. Gender ratios (male/female) for the pre-
valence rates in high frequency and high-volume drinking indicated
that men drink on more days per week and consume more grams of
ethanol per day than women in every age group (Wilsnack et al., 2009);
same applies in GD, where women are also less likely to have gambling
problems (odds ratio = 0.16) (Stoltenberg et al., 2008). Younger age of
onset was related to greater symptom severity and number of depen-
dence episodes in both diseases. Those who began drinking before the
age of 14 had higher risk of developing lifetime alcohol dependence
(HR: 1.78; 95% CI: 1.51-2.11) and were almost three times more likely
to have experienced more than two dependence episodes at the same
time of assessment (OR: 2.89; 95% CIL: 1.97-4.23) compared to those
who started drinking after the age of 25 (Hingson et al., 2006). Simi-
larly, younger age of onset was associated with greater symptom se-
verity and more treatment dropout (OR = 0.976; 95% CI: 0.954-0.998)
(Jiménez-Murcia et al., 2010). The level of education and problem
gambling/drinking and dependence show an inverse relationship, given
that people without tertiary education are more prone to develop AD
(estimated relative risk for people with 9-12 years of completed edu-
cation is six-fold compared to those who obtained a college degree
where the estimated relative risk is three-fold) and/or GD (those who
left school before year 10 were 2.6 times more likely to develop pro-
blematic gambling compared to those who obtained an university de-
gree) (Brunborg et al., 2016; Sproston et al., 2012). Moreover, GD and
AD also share common neurobiological processes in the regards of
underlying urges and reward sensitivity. Studies conducted in this field
indicate that both diseases stem from similar underlying mechanisms.

Regarding such mechanisms, clinical and preclinical studies re-
ported that this mechanism involves a specific brain system, the ventral
tegmental area — nucleus accumbens - orbital frontal cortex circuit that
processes incoming reward inputs (Blum et al., 1995; Gilpin and Koob,
2008; Potenza, 2013, 2001). Another process strongly linked to the
reward and punishment system is the process of decision-making. Based
on the extensive literature body on decision-making, impulsivity is
frequently mentioned in connection with the weaknesses of decision-
making (Franken et al., 2008; Morgan et al., 2006). Consequently,
highly impulsive individuals tend to disregard the consequences of their
decisions. Decision-making may be the key feature of understanding
both GD and AD. Decision-making is considered to be a facet of im-
pulsivity, which is a topic widely addressed throughout the scope of
addictive disorders. Bechara (2005) described decision-making as a
complex set of cognitive processes which allow individuals to select the
most optimal course of action following reasoned consideration of ex-
isting alternatives. The measurement of decision-making in addictive
disorders mainly focuses on the assessment of performance-based
neurocognitive tasks often compared to other cognitive variables like
executive functions or intelligence. People suffering from AD and/or
GD show similar features in various decision-making tasks. Impaired
inhibitory control was measured by the Stop Signal Reaction Time and
the Stroop Color and Word Test, compared to HC group; the authors
found no statistically significant difference between AD and GD patient
groups in the aforementioned domains (Goudriaan et al., 2006). This
similarity was also supported using the Cambridge Gamble Task, where
GD and AD also exhibited impaired decision-making (Lawrence et al.,
2009b).

One of the most frequently used and ecologically valid assessment
tools for measuring decision-making is the Iowa Gambling Task (IGT),
which is a computerized neuropsychological task in which participants
are shown 4 virtual decks of cards (labelled A, B, C, and D) and are
asked to choose 100 times from the decks. In each selection, they win or
lose money with the deck they selected, and the goal is to win as much
money as they can. With each selection, participants can either win, or
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win and lose at the same time; each deck differs from each other in the
ratio of wins and losses. Decks labelled C and D are considered ad-
vantageous; they result in more monetary wins and fewer losses on the
long run. This means that the participant is more likely to have gained
money than to have lost (i.e., “You won €100, and You lost €40,
making a profit of €60 on this single choice)". On the other hand, decks
with label A or B are disadvantageous, and likely to result in loss (i.e.,
“You won €40, and You lost €100”, making a loss of €60 on this single
choice). Therefore the series of decision results in profit or loss over
multiple choices by the end of the experimental task. Healthy persons
are likely to learn the rule after 40-50 trials and choose from the
profitable decks, but impulsive participants are likely to persevere with
the loosing decks making a monetary loss by the end of the game
(Bechara et al., 1994; Bechara et al., 1997). Participants are informed in
the beginning of the task that some decks are more profitable than
others. During the task they easily learn which decks are “good” and
which are “bad” and make choices accordingly. The IGT net score is
calculated by subtracting the total number of selections from dis-
advantageous decks (A + B) from the total number of selections from
advantageous decks (C + D). One of the main reasons for its popularity
is that the IGT models real-life decision-making under laboratory cir-
cumstances (Bechara et al., 1997). Unlike self-reported questionnaires
of impulsivity, which are prone to bias due to individual differences in
self-reflection, the IGT has the potential to be used as a direct evalua-
tion method of measuring impulsivity (Bechara et al., 1994; Bechara
et al., 1997). For best performance on the IGT, participants have to
abandon short-term advantageous choices (resulting in immediate high
rewards) that turn out to be disadvantageous in the long run (higher
losses/punishments). Instead, participants must prefer long-term ad-
vantageous choices, which result in lower immediate rewards but lower
long-term losses as well, thus higher long-term gain.

People with GD and AD also tend to show impaired decision-making
measured by the IGT. While there is significant empirical data con-
cerning the decision-making processes of these disorders, the compar-
ison of decision-making among patients with these two disorders is
scarce (Goudriaan et al., 2005). It is reported that the two diseases have
high comorbidity rates. Moreover, numerous empirical studies examine
decision-making in AD and GD.

The elevated level of impulsivity is closely connected to the ability
and willingness to take risks and make risky decisions in real-life si-
tuations. This affects everyday life behaviour in several ways; the se-
verity of poor decision-making, the loss of ability to control temptation
and the lack of willpower to resist substance use or gambling activity
are closely connected to relapse and poorer therapeutic outcomes in
addictive disorders (Franken et al., 2008; Lawrence et al., 2009a). This
emphasizes the importance of dimensionality in the research and
treatment of addictive disorders which is in line with official diagnostic
trends (American Psychiatric Association, 2013). A comprehensive
synthesis of existing knowledge about decision-making in GD and AD
and the understanding of the existing differences could provide clini-
cally relevant and important information regarding possible cognitive
interventions. Also, it could point out directions for further detailed
studies.

1.1. Aims of the study

Since the characteristics of decision-making and its relevance in the
clinical pictures of AD and GD is of high importance, the main aim of
this study is to systematically review empirical data concerning deci-
sion-making in patients diagnosed with GD or AD compared to healthy
control (HC) groups. Moreover, this is the first meta-analysis to explore
whether patients with GD and AD report similarities in the character-
istics of decision-making using one of the most popular measures of
cognitive impulsivity, the lowa Gambling Task (IGT).
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2. Methods
2.1. Search strategy and study selection

In March 2016, three databases (Medline/PubMed, ScienceDirect,
and Web of Science) were thoroughly searched in order to identify
possible papers concerning alcohol dependence and gambling disorder
and the Iowa Gambling Task (IGT). We used the following search terms:
(“alcohol dependence” OR “alcohol use disorder” OR “pathological
gambling” OR “gambling use disorder”) AND (“Iowa Gambling Task”
OR “decision-making”) with the filtering of “Title/Abstract”, “Title,
Abstract, Keywords” and “Topic” respectively for each search engine.
Our literature search resulted in a total of 1198 findings relevant for
inclusion in the meta-analysis. As a result of the literature search,
several non peer-reviewed results were found. After examination with
all authors, all grey literature (e.g.: abstracts of conference presenta-
tions or posters, unpublished dissertations) (N = 46) was excluded.
Once these results were removed, we began screening articles for
eligibility. Those papers were excluded that lacked a DSM or ICD di-
agnosis of either AD or GD, did not use the IGT for measuring decision-
making (N = 846), used rodent or primate models (N = 50), or were
not published in English (N = 31). Final papers were included if they
were based on empirical data using clinically diagnosed populations
(i.e.: DSM or ICD diagnosis) and measured the net score of IGT per-
formance as an assessment of decision-making. After applying all the
exclusion criteria aforementioned and removing duplicates, 17 studies
met the previously set inclusion criteria for this meta-analysis (see
Fig. 1).

2.2. Meta-analysis: data extraction

When we encountered a possibly suitable article that did not contain
sufficient data concerning IGT net scores of AD or GD patients as
compared to HCs to allow for inclusion in the meta-analysis, we at-
tempted to contact the corresponding authors of the 33 studies without
sufficient data up to three times over a month to ask for the missing
pieces of data. As a result, Forbush et al. (2008), Zorlu et al. (2013) and
Zorlu et al. (2014) sent the initial database from where the required
data could be obtained; this resulted in a final study count of 17 that
were included in the quantitative meta-analysis. There were 23 con-
trasts reported between AD or GD groups and HCs, which were the unit
of data analysis.

2.3. Statistical analysis

Due to the anticipated heterogeneity, all analyses were conducted
using the random-effects model, including assessment of publication
bias, calculations of effect sizes, subgroup analysis, and moderator
analyses. Meta-regression was conducted to investigate potential med-
iators such as the proportion of males, mean years of education and age.
We wanted to look at other potential demographic and clinical mod-
erator variables; however, most of the studies lacked the inclusion of
data regarding potential moderators (i.e., length of abstinence). All
analyses were calculated using the Comprehensive Meta Analysis
(CMA) 3.0 software (Comprehensive Meta-Analysis Software (CMA),
2017).

The method of data handling was the following for each study that
yielded more than one contrast: Dom et al. (2006) compared decision-
making of HCs and alcohol dependent patients with or without per-
sonality disorders, which yielded 3 contrasts for our meta-analysis: 3
patient groups matched with HCs. Cordovil et al. (2010) measured data
in 2 time points: T1 start of withdrawal, T2 end of withdrawal. We
divided these two time spots and matched them with the values of the
HC group. Kim et al. (2006) selected alcohol dependent patients and
HCs with and without conduct disorder. In our meta-analysis, we only
incorporated data from patients and HCs without conduct disorder.

Drug and Alcohol Dependence 181 (2017) 152-161

Miranda et al. (2009) compared two alcohol dependent patient groups
(with or without antisocial personality disorder) with a HC group, from
which we matched the two patient groups with the HC group. Thus, the
previously identified 17 studies yielded 23 contrast samples for our
meta-analysis (Kovacs et al., 2017).

The presence of publication bias was examined by conforming to the
guidelines of Sterne et al. (2011). We conducted an asymmetric visual/
graphic examination of a funnel-plot, and mathematical methods for
the evaluation of possible publication bias as recommended by Begg
and Mazumdar (1994) and Egger et al. (1997). In Egger’s test, if the p-
value belonging to the linear regression intercept is 0.1 or smaller, there
is statistically significant asymmetry. The influence and presence of
outliers was assessed by the examination of standardized residual for
each study. A study was considered an outlier if its standardized re-
sidual was greater than + 3.29 (Shiffler, 1988). The aim of calculating
the effect of heterogeneity was to examine the extent the results of the
studies are consistent. In our report, Q-test for heterogeneity was cal-
culated within the two subgroups (Wiley, 2017). The Q-test for het-
erogeneity has an approximate 2 distribution and it represents the
degree of departure from homogeneity. A significant Q-value
(p < 0.05) indicates statistically significant heterogeneity in the stu-
dies. In order to determine whether AD and GD group results differ, we
calculated the two groups’ sampling variances (v;, for the AD group and
v, for the GD group) where d is the observed Cohen’s d value, with the
following formula:

a2
2(m + ny)

1 1

v=— + —

n ny

With this the two treatment groups’ results could be compared with
the standard normal test statistics, described by Keef and Roberts
(2004) with the following formula:

= G-
JV1— V)

where |z| = 1.96 indicates that the group difference is statistically
significant. Moderator and covariate analysis were conducted to assess
the associations between the differences of patient groups and HCs
regarding age, the proportion of males, and level of education, and the
age of the treatment groups. Moderators were considered significant in
cases of categorical variables if Qperween Was significant.

2.4. Prisma guidelines

This systematic review and meta-analysis is reported in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement (Moher et al., 2009) and the meta-ana-
lysis conforms to the guidelines of meta-analyses in epidemiology
outlined by Stroup et al. (2000).

3. Results

The 17 studies and the 23 contrasts are detailed in Table 1. Overall,
a total of 792 AD or GD patients were compared to 568 HCs. The
random effects estimate indicated impaired IGT performance in both
AD patients (N = 500; d = —0.581, CI: —89.5 < § < —26.6%) and
GD patients (N = 292; d = —1.034, CI: —156.1 < 8§ < 50.7%). It is
also evident, that AD patients display less advantageous decision-
making than controls and the same is true for GD patients (Fig. 2). In
order to compare the two groups’ results, sampling variances were
calculated for both AD (v; = 0.0056) and GD groups (v. = 0.0061),
from which z-score was calculated (z = —21.0785). This indicates a
statistically significant difference between AD and GD groups, meaning
that the overall deficit is more expressed in GD as compared to AD.
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Records excluded:
grey literature (N =46);
articles not published in English
(N=31)

Full-text articles excluded, with
reasons:
lack of relevant clinical
diagnoses or use of lowa
Gambling Task ( N = 846 );
use of rodent or primate models
(N=50);

non-empirical studies (N =85)

Studies excluded by the lack of

available lowa Gambling Task
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Fig. 1. PRISMA flow diagram.

netscore (N =33)

3.1. Publication bias and heterogeneity

The funnel plot depicting standard errors appears to be symmetric
for both AD (Fig. 3) and GD (Fig. 4), Egger’s test for intercept indicated
symmetry (intercept = 0.796, p-value = 0.745). Similarly, the Begg
and Mazumdar test could not detect evidence of publication bias
(Kendall's tau = 0.05929, p = 0.672) either.

It was estimated that there was a high likelihood of contextual and
methodological heterogeneity because of the differing health service
contexts regarding each study; therefore, a random effects model was
utilized to calculate the summary effect estimates. There was significant
heterogeneity in the sample (Q,, = 131.217, df = 22, p < 0.001) but
the two subgroups (AD: Q,, = 81.72, df =15, p < 0.001, GD:
Qw = 30.62, df = 6, p < 0.001) did not differ from each other in
terms of heterogeneity (Q,, = 2.097, df = 1, p = 0.149). Significant
heterogeneity was detected, thus we conducted moderator and cov-
ariate analyses on the sample.

3.2. Moderator and covariate analysis

Overall 23 contrasts provided data for moderator analysis. Based on
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the model that incorporated the differences between patient groups and
HCs regarding age (coefficient: 0.0270, p = 0.48) the proportion of
males (coefficient: 0.0049, p = 0.46) and level of education in the
sample (coefficient: 0.0521, p = 0.50) and the age of the treatment
groups (coefficient: 0.0164, p = 0.39). None of the moderator variables
had a significant effect on decision-making deficit indicated by a p-
value less than 0.05. We also tested each moderator separately. Since no
significant difference was detected in heterogeneity between the two
patient groups, the analyses were conducted on the full sample in order
to increase the power of the analyses. Age difference between patient
groups and HCs had no significant p-value (coefficient: 0.0098,
p = 0.72). Age of the patient groups had no significant p-value either
(coefficient: 0.0202, p = 0.24). The proportion of gender in the sample
was also tested and did not differ significantly (coefficient: 0.0048,
p = 0.41); the level of education showed no significant p-value as well
(coefficient: 0.0236, p = 0.67).

4. Discussion

In this study, we conducted a systematic literature search on deci-
sion-making characteristics in AD and GD with the use of a
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Subgroup within study  Study name Statistics for each study
Stddiff  Standard Lower
inmeans  error  Varance limit

1 Dometal, 2006 C 2301 0273 0074 .2836 -1767
1 Kimetal, 2011 -1,274 0,331 0,110 -1923 -0625
1 Cordowl etal, 2006 8 -1,074 0,290 0084 -1643 .0,506
1 Cordowl etal, 2006 A -1,034 0289 0083 -1601 .0468
1 Dometal, 2006 B 0,851 0259 0067 -1358 -0,343
1 Bottesi etal, 2015 0813 0193 0037 -1,191 0434
1 Berreetal, 2014 -0,500 0239 0057 -0969 -0,031
1 Murray etal, 2015 0,438 0269 0072 -0965 0,089
1 Tomassini etal, 2012 0417 0,284 0080 -0973 0,139
1 Kraplinetal, 2014 0,407 0205 0042 -0809 -0.006
1 Zorluetal, 2014 0,331 0403 0,162 1,121 0459
1 Kim etal, 2006 8 0253 0,264 0070 -0770 0,264
1 Dometal, 2006 A 0,155 0268 0072 .0680 0370
1 Zorluetal, 2013 0,153 0349 0,122 -0837 0530
1 Miranda et al., 2009 B 0,093 0,326 0,107 -0547 0733
1 Miranda etal, 2009 A 0763 0316 0,100 0,144 1382
Means for AD 0,581 0,160 0026 -0895 .0266
2 Kraplinetal, 2014 2,261 0251 0063 -2753 -1,769
2 Rossi etal, 2009 -1.967 0563 0317 -3070 -0865
2 Kerzman etal, 2011 0973 0,204 0042 1373 .0574
2 Bottesi etal, 2015 0,840 0219 0048 -1268 -0411
2 Power etal, 2012 0,550 0400 0,160 -1333 0233
2 Forbush etal., 2008 0,486 0,267 0071 -1010 0038
2 Cavedini et al, 2002 0,387 0276 0076 -0928 0,154
Maans for GO -1,034 0269 0072 -1561 -0,507
Maans for AD & GD 0,700 0,138 0019 .0970 .0430
subgroups:

1: Alcohol Dependent Patients
2:Gambling Disorder Patients.
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-3,849
3,703
-3,582
-3.284
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-2,090
-1,628
1,470
-1,989
0,822
0,959
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0439
0,285
2415
3621
-9,005
-3497
4775
-3837
-1.376
-1819
-1,403
-3848
-5,081

Std diff in means and 95% CI

Upper
limit  2-Value p-Value

0,000
0,000
0,000
0,000
0,001
0,000
0,037
0,103
0,142
0,047
0411
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0,563
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Fig. 2. Forest plot of standardized difference in means for the two subgroups.

computerized neuropsychological test: the IGT. The reason behind that
is that the IGT is one of the most widely accepted and used compu-
terized neurocognitive tasks that models real-life decision-making
under laboratory circumstances (Bechara et al., 1997; Bechara, 2005).
Our results focusing on the IGT are in line with other studies conducted
with the use of other decision-making tasks (e.g., Delay Discounting
Task or Cambridge Gambling Task) in that AD patients display sig-
nificantly and substantially larger deficits in decision-making than
participants of the control group (Lawrence et al., 2009b). The presence
of impaired decision-making is even larger between GD patients and HC
participants.

The characteristics of impulsivity and decision-making are thor-
oughly addressed in several mental disorders. Literature up to date is
inconsistent in the existence of significant differences in IGT perfor-
mance between patients with schizophrenia or schizoaffective disorder
and matched healthy control groups (Alves and Rozenthal, 2006;
Pedersen et al., 2017), while findings indicate that people diagnosed
with bipolar disorder tend to make more risky choices than the matched

Funnel Plot of Standard Error by Std diff in means

0,0

control groups (though the effect is relatively small (g = 0.35)) (Edge
et al., 2013). However, the impairment in decision-making is also a
characteristic feature of depressive disorders (Must et al., 2013), as it is
in addictive disorders. Literature suggests that impaired decision-
making represented in poor IGT performance is persistent in AD (Andé
et al., 2012). This deficit might be linked to a global executive function
disturbance in AD that is closely connected to relapse, which is con-
sidered to accompany recovery processes. Relapse prevention is highly
important and a key factor of maintaining long-term abstinence and
many AD patients fail to sustain prolonged abstinence, which might be
owing to a decision-making deficit presented in the preference of a
disadvantageous long-term strategy that is characterized by favouring
an immediate reward, while disregarding future negative con-
sequences. Since the IGT is widely accepted as a direct assessment
method for measuring affective decision-making and is accepted as a
clinical assessment tool in addictive disorders (Bechara, 2005), the
deficit on IGT displayed by AD and GD patients compared to their
matched control groups may considered to be predictive of their

Fig. 3. Funnel Plot of Standard Error by standardized
mean differences in Alcohol Dependent (AD) group.
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Fig. 4. Funnel Plot of Standard Error by standardized
mean differences in Gambing Disorder (GD) group.
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lifestyle and long-term objectives. AD patients’ poor performance on the
IGT was also associated with premorbid personality traits as higher
novelty seeking (r = —0.46,p < 0.05) and higher reward dependence
(r = —0.50,p < 0.005) (Tomassini et al., 2012). Personality disorders
with comorbid AD were also associated with impaired IGT perfor-
mance, where cluster B personality disorders showed the highest im-
pairment (Dom et al., 2006), while in case of GD, significantly higher
sensation seeking was found compared to HC group in connection with
impaired decision-making (Linnet et al., 2006). However, the effect of
comorbid GD and personality disorders on decision-making is yet to be
explored.

Our meta-analysis conforms to previous empirical literature that
impaired decision-making may not be linked to the substance con-
sumption itself, since it is equally and independently present in a sub-
stance-related disorder (AD), and a behaviour-related dependence (GD)
as well. This also supports the recent change presented in Diagnostic
and Statistical Manual of Mental Disorders (DSM-5) (American
Psychiatric Association, 2013) that GD was re-categorized, and was
placed among Substance-related and addictive disorders (Petry et al.,
2014) as the first non-substance-related disorder in this category. GD
appears to be similar to the diagnostic criteria of other substance-re-
lated dependences: addicted people continue to pursue the activity
(either alcohol consumption or gambling) regardless of its long-term
negative outcomes that have adverse effects on their physical, mental,
and socio-economical status. A parallel can be seen between this me-
chanism and the measurement of long-term gain vs. short-term loss or
short-term gain vs. long-term loss preference measured by the IGT.

Our results indicate that not the substance itself, but other devia-
tions in cognitive and personality traits that accompany addictive dis-
orders might lie in the background of this deficiency in decision-
making. There is extensive evidence that both AD and GD share
common underlying mechanisms, like higher impulsivity (Lawrence
et al., 2009a; Verdejo-Garcia et al., 2007), and similar deviations re-
garding specific personality traits as higher Neuroticism or lower
Consciousness (Bagby et al., 2007; Kotov et al., 2010), and both dis-
orders increase the likelihood for the co-occurrence of similar psy-
chiatric disorders (e.g., mood disorders) (Lister et al., 2015). GD and AD
patients also show an overlap in their neurocognitive profiles: traits like
the impairment of decision-making and reflect impulsivity seem to be
pre-existing vulnerability factors in the two addictions. For example,
two prospective studies reported that the presence of trait impulsivity
predicts later alcohol dependence (Verdejo-Garcia et al., 2008), as well

as problem gambling (Slutske et al., 2005) at a 3-year follow-up.

Although literature indicates difference in age, gender and educa-
tion in the course and patterns of both AD (Crum et al., 1993; Hingson
et al.,, 2006; Wilsnack et al., 2009) and GD (Brunborg et al., 2016;
Ibanez et al., 2001; Jiménez-Murcia et al., 2010), in our pool of data,
moderator and covariate analysis of age, proportion of males and
education did not provide sufficient support for the impact of these
variables in the detected decision-making deficit. This may be due to
the heterogeneity detected within and across the samples. Besides age,
gender and education, there are several factors like intelligence, length
of abstinence, and other psychopathological characteristics (e.g., levels
of depression or anxiety) that may contribute to the understanding of
decision-making characteristics in AD and GD. There were insufficient
data available to be used in this meta-analysis, therefore future studies
should account for (and report) these potential confounding effects.
Thus, further empirical (and meta-analytical) research is needed to
address the question whether socio-demographic and psychopatholo-
gical characteristics have any effect on decision-making beyond the
effect of AD and GD.

Given that reward choice deficiency is closely connected to poorer
therapeutic outcomes and relapse in both AD and GD (Blum et al.,
2000), our results have deep-rooted importance. Nevertheless, results
should be treated with some limitations. Firstly, several from the stu-
dies identified in the systematic literature search lacked the reporting of
IGT net scores and thus these studies could not be incorporated in the
present meta-analysis. Moreover, to increase power of meta-analysis
and effect size, more empirical studies with the report of IGT net scores
should be incorporated. Due to the higher level of heterogeneity in the
sample, a future meta-analysis given the availability of more in-
corporated studies could create subgroups within AD and GD patient
groups based on the severity of their symptoms. Another factor con-
tributing bias, which could not be completely controlled based on the
articles’ text is the possibility of overlap among control groups, namely
that HCs matched to AD patients might contain participants affected by
GD to some extent. Similarly control participants free of GD could be
subjected to AD as well.

Decision-making is a multifaceted phenomenon which can be
measured by the use of several different paradigms, from which IGT is
only one of them. There are multiple reliable and valid computerized
neurocognitive tasks with which decision-making deficits can be mea-
sured, but in this study, we only incorporated the IGT. Another lim-
itation is the fact that we only incorporated articles into our systematic
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literature search and meta-analysis that were published in English.
Besides omitting non-English articles, there are multiple strategies for
addressing literature not written in English, but in our systematic
search and meta-analysis, papers written in other languages were au-
tomatically excluded, which can implicate language bias (Grégoire
et al., 1995). More detailed studies that are designed and powered to
examine decision-making deficits in AD and GD are needed to clarify
the relative contributions of impaired decision-making to the clinical
and therapeutic outcome of these two disorders. Another important
feature to note is that by our systematic literature search, we identified
that the number of studies examining AD and GD is scarce (Bottesi
et al.,, 2015; Kraplin et al., 2014) and despite the high comorbidity
previously presented in the scientific literature (Feigelman et al., 1998;
Petry et al., 2005; Stinchfield et al., 2005; Welte et al., 2001), there is
no study that incorporated those patients’ decision-making perfor-
mance measured by the IGT who were diagnosed both with AD and GD.
Conducting such an empirical study could be crucial in gaining detailed
picture of the features of these two disorders, and in the examination of
any possible additive effect on more characteristic decision-making
deficit of simultaneous AD and GD.
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Abstract

Background and aims

Alcohol use disorder (AUD) and problem gambling are highly comorbid disorders. This
study aims to explore the role of four aspects of impulsivity (trait concept of impulsivity,
choice impulsivity, impulsive aggression and response inhibition/decision-making) in long-
term chronic AUD patients with and without problem or pathological gambling symptoms.

Methods

Cognitively intact chronic AUD patients were enrolled with (n = 32) and without (n =71) prob-
lem gambling symptoms in an inpatient clinic for chronic alcohol users. Multiple facets of
impulsivity, cognitive ability, psychopathological symptoms, alcohol and gambling severity
were measured.

Results

Chronic AUD patients with gambling disorder symptoms showed longer lifetime alcohol con-
sumption, more severe alcohol use and higher psychopathological symptom severity than
AUD patients without gambling symptoms. Gambling severity correlated with overall trait
impulsivity, but not with choice impulsivity, impulsive aggression or cognitive impulsivity with
controlling for lifetime alcohol consumption, lifetime alcohol use and psychopathological
symptom severity. High trait impulsivity and non-planning was associated with comorbid
gambling symptoms in AUD patients, which was independent of the level of intelligence,
age and psychopathological symptoms.

Conclusion

Comorbid gambling disorder symptoms in chronic AUD was connected to more severe alco-
hol-related variables. Higher trait impulsivity was also linked with gambling disorder

PLOS ONE | https://doi.org/10.1371/journal.pone.0227645 January 30, 2020

1/17


http://orcid.org/0000-0003-4215-8351
https://doi.org/10.1371/journal.pone.0227645
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227645&domain=pdf&date_stamp=2020-01-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227645&domain=pdf&date_stamp=2020-01-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227645&domain=pdf&date_stamp=2020-01-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227645&domain=pdf&date_stamp=2020-01-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227645&domain=pdf&date_stamp=2020-01-30
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0227645&domain=pdf&date_stamp=2020-01-30
https://doi.org/10.1371/journal.pone.0227645
https://doi.org/10.1371/journal.pone.0227645
http://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.6084/m9.figshare.11473296
https://dx.doi.org/10.6084/m9.figshare.11473296

@ PLOS|ONE

Impulsivity in chronic alcohol use disorder with and without problem gambling symptoms

symptoms in patients with chronic AUD. This accents the need of special focus on comorbid
GD symptoms in AUD, since prognosis and treatment for them may vary.

Introduction

Alcohol use disorder (AUD) is one of the most frequently occurring substance use disorder,
and it exhibits exceptionally high lifetime prevalence rate (30.3%) [1]. Chronic AUD is highly
comorbid with many systemic diseases and is often present simultaneously with other mental
disorders [2], from which the high co-occurrence of gambling disorder (GD) and AUD is well
established. Studies have shown that AUD and GD are highly comorbid both in community
[3,4] and in treatment seeking samples [5,6]. In a nationally representative US study, almost
three-quarters (73.2%) of lifetime GD patients had AUD [7], while a population-based meta-
analysis reported that 28% of lifetime GD patients report AUD as well [8], and other studies
reported a 17-33% comorbidity of current GD in AUD patients [9,10]. AUD and GD share
common symptomatology and demonstrate common underlying genetic vulnerabilities [11],
from which impulsivity is considered to be an endophenotypic indicator in both disorders
[12,13]. Moreover, there is evidence that higher impulsivity may not only be present for the
clinical presentation of GD, but may also be present in case of milder, subclinical problem
gambling [3,14,15].

Impulsivity can be defined as a complex, multidimensional construct that is frequently
described as the repetitive execution of maladaptive behaviours resulting in potential negative
consequences. Hence, impulsive actions can be regarded as unplanned and rapid reactions to
external or internal stimuli with the aim of obtaining immediate gratification and/or pleasure
[12,16]. Contemporary models of impulsivity highlight the importance of not only behavioural
aspects of impulsiveness, but also underlying neuropsychological components [17-19].

Impulsivity show complex neurobiological underpinnings, where the neurobiological and
behavioural relationships between AUD, GD and impulsivity have been well documented
[20,21]. The neurotoxic effects of chronic administration of alcohol and prolonged gambling
behaviour are known to cause neural loss in “top-down” control regions of the brain, in the
prefrontal cortex, the orbitofrontal cortex, the superior frontal association cortex, the supraop-
tic and paraventricular nuclei of the hypothalamus and the cerebellum, which have critical role
in response inhibition, affective processing and decision-making, thus in impulsivity [22-24].
A diagnostic feature of both AUD and GD is the inability to abstain from the addictive behav-
iour even when facing severe negative consequences [25-27]. Such a fajlure in controlling
one’s actions indicates inadequate inhibitory control, in which patients are unable to suppress
the undesired, maladaptive act of gambling or drinking behaviour. This impairment reflects
on deteriorated inhibitory control and decision-making, which represent a form of impulsivity
[27,28].

Early impulsivity is proven to be a predictor of heavy drinking and also gambling behaviour
in later life [29-31]. Moreover, there is evidence that the acute administration of alcohol and
gambling activity induce impulsivity in humans [27,32]. This directly leads to impulsive behav-
iour evolving into compulsion that is linked to the development of the chronic forms of AUD
and GD [33], where impulsivity has been frequently connected to poor clinical outcomes
[34,35] and is associated with negative concomitant features like increased relapse risk [36] or
increased alcohol consumption and more severe gambling behaviour [37-39].
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Extensive literature exists on either diagnosed AUD or GD and their relations to impulsiv-
ity compared with healthy control groups, but up to now, only few studies have examined and
compared AUD and GD patients in the same study in terms of any facet of impulsivity. [40]
compared the differences of cognitive impulsivity measured by 2 neuropsychological tasks of
21 non-treatment-seeking problem or pathological gamblers and 21 AUD outpatients with
healthy controls. They found shared deficits in ventral prefrontal cortical functions, while in
tasks loading on dorsolateral prefrontal cortical functions were only impaired in AUD
patients, presumably as a consequence of long-term alcohol consumption. [41] examined the
differences of 3 decision-making tasks in 48 GD and 46 AUD outpatients and found that AUD
patients performed marginally worse than the GD group. [42] studied the differences of a self-
reported and a cognitive impulsivity task of 75 AUD and 44 GD patients recruited from mixed
inpatient and outpatient settings. They revealed similar patterns of impulsivity in AUD and
GD patients. These studies examined single diagnosis of AUD or GD; however, we could not
identify studies that examined the subclinical emergence of problem gambling in hospitalised
chronic AUD patients and its relations to impulsivity utilizing a comprehensive assessment
battery.

Since impulsivity is not only proven to be a diagnostic criterion and a risk factor for AUD
and GD, but the long-term alcohol exposure and gambling behaviour might further result in
the impairment of impulse control, which prompts the emergence of AUD and GD. Moreover,
a recently published meta-analysis indicated that the impairment of some executive functions,
particularly impulsive decision-making were even higher in patients with a non-substance-
related addictive disorder (GD) than in patients with the substance-related condition of AUD
[43]. Based on these, it is paramount to explore the different aspects of impulsivity and their
presentation in long-term AUD patients, and whether the existence of comorbid GD symp-
toms differentiate them in terms of impulsivity.

Due to the multidimensional nature of impulsivity, we aimed to explore it from a complex
point of view, incorporating both objective and subjective measures of impulsiveness: i) tradi-
tional trait concept of impulsivity, which represents the execution of nonplanned actions and
the engagement in maladaptive behaviours with disregarding potential future consequences
[44,45]; ii) the inability of delaying gratifications or discarding rewards as a measure of choice
impulsivity [46]; iii) impulsive aggression [47]; iv) deficits in response inhibition and decision-
making [48,49].

To our knowledge, this is the first study that explores the associations of different aspects of
impulsivity in chronic AUD patients compared to chronic AUD patients with comorbid GD
symptoms. We hypothesised that those AUD patients who exhibit comorbid GD symptoms
are distinct from AUD patients without GD symptoms by expressing higher symptom severity
of substance use and demonstrating higher levels of trait impulsivity, choice impulsivity,
impulsive aggression and impulsive decision-making.

Methods
Procedure

A comprehensive research project was conducted at the Department of Psychiatry, Faculty of
Medicine, University of Szeged, Hungary. Patients receiving inpatient treatment for chronic
alcohol use disorder (AUD) were assessed for executive functions, personality traits, addiction
characteristics, comorbid psychiatric conditions, addictive disorders and psychopathological
symptom severity. In this part of the study, which focuses on the evaluation of objective and
subjective measures of impulsivity, a total of 104 patients were enrolled. Patients who met the
inclusion criteria of having an established DSM-5 diagnosis of AUD, who finished at least
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primary education and whose level of intelligence surpassed the level of intellectual disability
(Fourth Edition of the Weschler Adult Intelligence Scale above 70) were included. Patients
who had a history of any psychosis spectrum disorder, progressive neurodegenerative disor-
ders, neurological diseases, diseases affecting their sight or reported acute alcohol abuse were
excluded from this study. One recruited patient was excluded due to voluntary termination of
inpatient treatment; thus, the final sample size was 103. Patients were classified into two
groups based on the presence of comorbid GD symptoms (see Fig 1).

The study was conducted in accordance with the Declaration of Helsinki and was approved
by the Human Investigation Review Board, University of Szeged (ethical approval number: 49/
B-53/2016KK). Written informed consent was obtained from each participant.

Measures

Barratt Impulsivity Scale (BIS). The Hungarian version of the BIS-11 is based on the
original English version [45], which contains 30 items measuring three dimensions of impul-
sivity: motor impulsivity, attentional impulsivity and nonplanning. Items are measured on a
scale ranging from 0 to 3; higher scores indicate higher impulsivity. The Hungarian version
adapted by [50] showed good reliability in our sample: Cronbach’s o = 0.805.

Buss-Perry Aggression Questionnaire (BPAQ). The Buss-Perry Aggression Question-
naire is a widely-used self-evaluation test for measuring aggressive impulses in 4 facets: physical
and verbal aggression, hostility and anger [51]. The Hungarian version was adapted by [52],
and showed good internal consistency and reliability (in our sample: Cronbach’s o = 0.879).

Delay Discounting Task (DDT). In the Delay Discounting Task participants are pre-
sented with a series of monetary choices in which they have to decide between two different
amounts of money, which they hypothetically receive in different time intervals. Once dis-
played, the rewards vary between OHUF and 55,000HUF in 2,500HUF increments (1 EUR is
about 320 HUF). The two choices differ in receival times, which vary in 0, 1, 14, 60, 180 or 365
days; the receival of one amount being closer in time (e.g. “now”) and the other being later (“in
2 weeks”). The task consists of 138 hypothetical questions that are presented in random order
(i.e., Which of the two choices would you select? 10,000HUF now or 55,000HUF two weeks
later?). Patients indicate their choices by a single click on their preferred selection, then they
could continue the test by clicking on the ‘Next question” button. The aim of the DDT is to
determine the point at which the selection of the immediate reward was preferred over the
delayed reward, which is known as the ‘indifference point’, and it can be computed for each
period of delay. The participant selects the immediate available selection above this indiffer-
ence point (which is given in HUF), while below the indifference point the participant chooses
the option with delay.

Iowa Gambling Task (IGT). The Iowa Gambling Task is one of the most frequently used
and ecologically valid assessment tools for measuring decision-making, in which participants
are asked to choose 100 times from four decks of cards with different win/loss ratio to win as
much money as they can. For this, participants have to abandon short-term advantageous
choices that would result in immediate high rewards accompanied with more/higher losses
and instead, they need to select from decks, which result in lower immediate rewards, but
lower long-term losses as well, turning out to be long-term advantageous choices [26,53]. For
data analysis, choices were divided into five blocks (20 selections in each block). The amount
of money won, and the total net score calculated by subtracting the number of advantageous
selections from disadvantageous choices were also compared.

Wisconsin Card Sorting Task (WCST). The WCST measures cognitive flexibility, execu-
tive functions and decision-making [54]. In this neuropsychological task, participants need to
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Fig 1. PRISMA flowchart of selection procedure. DSM: The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition; AUD:
alcohol use disorder; WAIS-IV: The Wechsler Adult Intelligence Scale, Fourth Edition.

https://doi.org/10.1371/journal.pone.0227645.9001
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sort cards according to various criteria with the only feedback of the classification being correct
or incorrect. Four sample cards are presented differing in pattern, colour and number of pat-
terns to which participants need to match newly appearing cards. Cards can be classified
according to their colour, their patterns or the number of patterns on each card. The classifica-
tion rule changes every ten cards, which implies that when the participant has figured out the
classification rule, they would eventually start making mistakes when the rule changes, and con-
sequently they need to adapt to the changing rules. In our study we used the PEBL’s computer-
ised version of card sorting task [55,56]. For data analysis, the number of correct responses, the
number of incorrect responses and the number of perseverative errors were calculated.

Wechsler Adult Intelligence Scale (WAIS-IV). The WAIS-IV is the most widely used
intelligence scale to measure cognitive ability. The test consists of 10 subtests and 5 supple-
mentary tests, which measure 4 major components of intelligence: Verbal Comprehension
Index (VCI), Perceptual Reasoning Index (PRI), Working Memory Index (WMI) and Process-
ing Speed Index (PSI) [57]. The Hungarian standardization was made by [58]. In this study,
we calculated the WAIS-IV total score, which is the combined performance of the VCI, PRI,
WMI and PSIL.

Addiction Severity Index (ASI). The ASI is a semi-structured interview, which covers 7
potential problematic areas (Medical, Employment/Support Status, Alcohol, Drug, Legal, Fam-
ily/Social and Psychiatric) covering recent and lifetime substance-related problems [59]. The
Hungarian adaptation was made by Racz, Pogany & Mathé-Arvay (2002) [60]. From the inter-
view, the following variables were selected: start of alcohol misuse in years, lifetime alcohol
consumption in years, and abstinence during last 30 days.

South Oaks Gambling Screen (SOGS). The South Oaks Gambling Screen is a 20-item
questionnaire based on the DSM-III criteria of pathological gambling [61]. The Hungarian
version was adapted by [62] and demonstrated good internal consistency. Scores between 1
and 4 show problematic gambling, while 5 or more points indicate probable pathological
gambling.

Alcohol Use Disorders Identification Test (AUDIT). The AUDIT is a 10-item self-eval-
uation screening test for assessing the severity of alcohol use and its adverse consequences
developed by the World Health Organization [63]. The Hungarian adaptation by Gerevich,
Bacskai & Rdzsa (2006) [64] exhibited good validity and reliability (in our sample: Cronbach’s
o =0.763).

Symptom Checklist-90-R. The Symptom Checklist-90-R is a 90-item self-report ques-
tionnaire for assessing a broad range of currently existing psychopathological symptoms [65].
Items are rated on a 0-4 scale where more points indicate the presence of more severe symp-
toms during the past week. The test measures nine symptom dimensions, and one of its three
global indices, the Global Severity Index (GSI) can be used as an indicator of the severity of
psychopathological symptoms. The Hungarian version showed excellent internal consistency
and reliability in our sample: Cronbach’s o = 0.953 [66,67].

Data analysis. Data analysis was conducted with IBM SPSS Statistics 24.0 software [68].
Based on the results of the SOGS, we divided our sample into two groups: 1) AUD who scored
0 on the SOGS were categorised as AUD patients without gambling symptoms (AUD group)
and 2) those patients who scored 1 or above were labelled as AUD patients with probable or
problem gambling symptoms (AUD+Gambling group). The DDT value was computed in
Microsoft Excel 2016 with a hyperbolic equation fitted for each participant’s indifference point
[69,70] with the use of the Solver subroutine:

Std
1+ kX

V =
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where V stands for the value of the indifference point, Std stands for the amount of money
available (55,000HUF), k is a fitted parameter which indexes the rate of discounting, and X
represents the length of delay. The steepness of the curve (k) is fitted to the subjective value of
each point of delay. When the curve is steeper (meaning that the k value is closer to zero), the
individual prefers immediate rewards over delayed ones, which represents more impulsive
choices.

Independent-samples t-tests were used for determining the group differences for continu-
ous variables and Chi-square test was used for categorical variables to compare demographic
parameters. Partial correlation analysis was used to reveal the relationship between gambling
symptom severity and different facets of impulsivity. Comparison of the two groups’ perfor-
mance on the IGT was determined by Repeated Measures ANOVA and Repeated Measures
ANCOVA; due to the results of the Mauchly’s Test of Sphericity, the Greenhouse-Geisser cor-
rection was applied. To examine the effect of demographic variables, psychopathology symp-
toms and measures of impulsivity on the likelihood that patients have problem gambling
symptoms, binary logistic regressions were used with forward stepwise regression method
[71].

Effect sizes were calculated using Cohen’s d [72], which is defined as the standardized dif-
ference between two means. According to [73], an effect size of 0.2-0.3 is considered to be a
“small” effect size, 0.5 is a “medium” effect and above 0.8 is a “large” effect size.

Results
Sample characteristics

More than two-third (76%, n = 79 out of 103) of the participants were male. The mean age of
participants was 45.7 years (SD = 10.35; age: 21-69). In total, 78.7% of the sample completed
secondary education and 21.4% completed graduate education. Close to one third (31.1%) of
the sample (n = 32) scored 1 or more points on the SOGS with scores ranging between 1 and
14 points (mean = 4.69, SD = 3.5); 18 people categorised as problematic gamblers and 14 as
probable pathological gamblers. The two groups did not differ in gender, age, education, IQ,
start of alcohol consumption or abstinence during the last 30 days, but the AUD+Gambling
group was characterised by more severe alcohol use and longer lifetime alcohol consumption
(see Table 1).

Table 1. Demographic, alcohol and gambling related characteristics of the sample.

Gender (M%)
Education% (primary/secondary/higher)
Age (SD)
Start of alcohol misuse in years (SD)
Lifetime alcohol consumption in years (SD)
Abstinence duration during last 30 days (SD)
WAIS-IV Tt IQ (SD)
AUDIT Total (SD)
SCL-90-R GSI (SD)

AUD (n=71) AUD+Gambling (n = 32)

73.2% 84.3% X*(1) = 1.530, p = 0.216)°
5.6%/70.4%/24% 12.5%/71.9%/15.6% X*(2) = 2.060, p = 0.357)
45.41(9.612) 46.28(11.967) £(101) =-0.39%4, p = 0.694°
25.50(9.337) 22.34(11.449) £(100) = 1.473, p = 0.144 b
16.88(9.856) 21.63(11.935) #100) = -2.109, p = 0.037 °
22.134(15.571) 17.594(9.641) £(101) = 0.521, p = 0.131°
92.32(14.78) 89.75(15.917) £(101) = 0.798, p = 0.427 °
23.62(7.316) 27.48(6.961) #(100) = -2.489, p = 0.014°
0.083(0.064) 0.110(0.074) £(101) = -1.856, p = 0.066

AUD: Alcohol use disorder patient group, AUD+Gambling: Alcohol use disorder patient group with problem or pathological gambling symptoms, WAIS Ttl IQ:

Wechsler Adult Intelligence Scale IV total score
* Chi-square test

*Independent sample ¢-test

https://doi.org/10.1371/journal.pone.0227645.t001
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Exploratory correlation matrix and group differences between gambling
symptom severity and demographic variables, psychopathology symptoms
and measures of impulsivity

Partial correlation with age, lifetime alcohol consumption and SCL-90-R GSI as covariates
were conducted to explore the associations between these variables, where the severity of gam-
bling symptoms (SOGS scores) showed significant correlation with the BIS Total Score

(r =0.278, p = 0.006), while Impulsive aggression measured with the BPAQ Total score
(r=0.128, p = 0.209), and neuropsychological measures of impulsivity, as the number of cor-
rect responses in the WCST (r = -0.046, p = 0.658), the number of total errors in the WCST
(r=0.054, p = 0.602), the number of perseverative errors in the WCST (r = -0.068, p = 0.510),
the DDT (r =-0.118, p = 0.254), the total win on the IGT (r = -0.005, p = 0.962), the number of
advantageous choices on the IGT (r = 0.065, p = 0.529), the number of disadvantageous
choices on the IGT (r = -0.065, p = 0.529) and the IGT net score (r = 0.065, p = 0.529) did not
show significant connection with the severity of gambling symptoms (see S1 Annex).

Based on the associations explored in the correlation matrix, independent sample ¢-tests
were conducted to explore group differences in the subscales of the BIS. Fig 2 illustrates that
the AUD+Gambling group had higher scores in the BIS Nonplanning (#(100) = -3.024,

p =0.003, Cohen’s d = -0.634) and the BIS Total scores (#(100) = -2.635, p = 0.010, Cohen’s d =
-0.555), and a tendency toward significance in the BIS Motor Impulsivity (¢(100) = -1.767,
p =0.080, Cohen’s d = -0.371).

The effect of demographic variables, psychopathology symptoms and
measures of impulsivity on gambling symptoms

To explore the effect of demographic variables, psychopathology symptoms and measures of
impulsivity on gambling symptoms, we performed two binary logistic regressions with
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*p <0.05; **p <001

Fig 2. Group differences in Barratt Impulsivity Scale. AUD: chronic alcohol use disorder patients; AUD+Gambling:
alcohol use disorder patients with problem or pathological gambling symptoms; BIS Motor Imp.: Barratt Impulsivity
Scale Motor Impulsivity subscale; BIS Cognitive Imp.: Barratt Impulsivity Scale Cognitive Impulsivity subscale; BIS
Nonplanning: Barratt Impulsivity Scale Nonplanning subscale; BIS Total: Barratt Impulsivity Scale Total score; the
columns represent mean values, the error bars standard deviation.

https://doi.org/10.1371/journal.pone.0227645.9002
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forward stepwise regression method with AUD vs. AUD+Gambling as dependent variable.
The first binary logistic regression was performed with age, gender, IQ measured by the WAI-
S-IV and SCL-90-R GSI as covariates. The BPAQ Total score, the BIS Total score, the number
of correct responses in the WCST, the number of total errors in the WCST, the number of per-
severative errors in the WCST, the DDT, the total win on the IGT, the number of advanta-
geous choices on the IGT, the number of disadvantageous choices on the IGT and the IGT net
score on the likelihood that patients have problem gambling symptoms were entered as predic-
tors. Assumption of collinearity was tested and resulted in no indication of multicollinearity
(Tolerance below 0.865 and VIF below 3.645 for every variable in the model). The baseline
model (B =-0.895, S.E. = 0.220, Wald %2(1) = 16.507, p < 0.001, OR = 0.408) had an accuracy
of 71.0% overall percentage. The binary logistic regression model was statistically significant
(x2(1) = 7.324, p = 0.007; R? = 0.101; Hosmer-Lemeshow goodness-of-fit test: x2(8) = 2.703,

p =0.958). Increasing BIS Total score was associated with the increased likelihood of having
problem gambling symptoms (B = 0.057, S.E. = 0.022, Wald x2(1) = 6.631, p = 0.010,

OR = 1,059, 95% CI = 1.014-1.105) while all the other variables had a non-significant effect in
the final model.

In the second binary logistic regression the BIS and BPAQ subscales were also included
besides the total scores, namely: BIS Motor Impulsivity Score, BIS Cognitive Impulsivity Score,
BIS Nonplanning Score, BPAQ Verbal Aggression Score, BPAQ Physical Aggression, BPAQ
Hostility score and BPAQ Anger score. Additionally, the number of correct responses in the
WCST, the number of total errors in the WCST, the number of perseverative errors in the
WCST, the DDT, the total win on the IGT, the number of advantageous choices on the IGT,
the number of disadvantageous choices on the IGT and the IGT net score were included as
predictors with age, gender, IQ measured by the WAIS-IV and SCL-90-R GSI as covariates.
Assumption of collinearity was tested and resulted in no indication of multicollinearity (Toler-
ance below 0.819 and VIF below 3.808 for every variable in the model). The baseline model
(B =-0.895, S.E. = 0.220, Wald x2(1) = 16.507, p < 0.001, OR = 0.408) had an accuracy of
70.0% overall percentage. The binary logistic regression model was statistically significant
(x2(1) = 8.914, p = 0.003; R? = 0.122; Hosmer-Lemeshow goodness-of-fit test: x2(7) = 9.121,

p = 0.244). Increasing BIS Nonplanning score was associated with the increased likelihood of
having problem gambling symptoms (B = 0.143, S.E. = 0.051, Wald x2(1) = 7.844, p = 0.005,
OR = 1,154, 95% CI = 1.044-1.275), while all the other variables had a non-significant effect in
the final model.

Discussion

Hospitalized patients with long-term chronic alcohol use disorder (AUD) with or without
gambling disorder (GD) symptoms were compared on an extensive test battery that assessed
four sub-dimensions of impulsivity. The traditional trait concept of impulsivity was measured
by the Barratt Impulsivity Scale (BIS), which is the most commonly used internally consistent
measure of trait impulsivity in clinical setting. The ability of postponing gratifications or delay-
ing immediate rewards was assessed by the Delay Discounting Task (DDT), which is a widely
accepted method for understanding impulsive choices. Impulsive aggression was examined
with the Buss-Perry Aggression Questionnaire (BPAQ), and deficits of decision-making and
response inhibition, as measurements of cognitive impulsivity, were assessed with the Iowa
Gambling Task (IGT) and the Wisconsin Card Sorting Task (WCST).

In our sample, the concurrent AUD and problem or pathological gambling symptoms were
associated with more severe alcohol use, longer lifetime alcohol consumption and higher levels
of trait impulsivity measured by the BIS. When controlled for age, lifetime alcohol
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consumption and SCL-90-R GSI, GD symptom severity showed significant correlation with
trait impulsivity, and only trait impulsivity was related to the increased likelihood of having
GD symptoms. Overall, these findings were not due to the result of group differences in age,
nor were they mediated by the measured differences in years of alcohol consumption or psy-
chiatric symptom severity evaluated in this study.

Our results indicate that only higher trait impulsivity was associated with comorbid GD
symptoms in chronic AUD patients, which was independent of intelligence, age, gender and
psychopathological symptom severity. Moreover, the nonplanning aspect of trait impulsivity
was associated with the occurrence of comorbid GD symptoms in chronic AUD. This link
conforms to previous literature, since in functional imaging studies, the nonplanning dimen-
sion of impulsivity measured with the BIS correlated with volumes of the right middle cingu-
late gyrus, the left anterior cingulate gyrus, left middle frontal gyrus, left middle cingulate
gyrus and right orbitofrontal gyrus [74]. Frontal lobe dysfunction is a leading symptom of the
alcohol-related impairment in the brain that prolonged AUD causes [75], thus the risk of
developing comorbid GD in chronic AUD is especially high.

In our sample of long-term chronic AUD patients, trait impulsivity proved to be a determi-
nant factor, in which AUD patients with comorbid GD symptoms exhibited higher trait
impulsivity than patients without them, and trait impulsivity was also associated with more
severe substance use symptoms. There is mount evidence on the negative consequences of
trait impulsivity in alcohol use and gambling as well, expressed both in clinical and subclinical
forms. [76] examined the role of trait impulsivity measured with the BIS in excessive alcohol
consumption and alcohol misuse and proved the role of trait impulsivity as a risk factor in
alcohol misuse. Concerning diagnosed AUD, several epidemiological [77], cross-sectional
[36,41] and longitudinal studies [78,79] thoroughly supported the maladaptive role of higher
trait impulsivity in AUD patients. Similarly in GD, [80] compared non-problematic, at-risk
and problem gamblers in terms of cognitive impulsivity and found that at-risk and problem
gamblers also showed elevated BIS Motor and Attentional Impulsivity. Also in case of clinically
diagnosed GD, several studies verified higher trait impulsivity compared to healthy controls
[81,82].

Impulsive choice-making is a predominant feature both in AUD and GD. [83] showed a
more rapid discounting of delayed rewards among AUD patients, while [25] indicated that
GD symptom severity is associated with higher choice impulsivity in a delay discounting task.
[84] examined substance abusers with and without problem gambling and indicated that sub-
stance abusers with GD symptoms discounted delayed rewards more rapidly than their
patients without GD symptoms. Even though it has been previously verified that GD had an
additive effect on delay discounting rates, in our study delay discounting was not associated
with GD symptoms nor did it increase the likelihood of having GD symptoms in AUD
patients. A reason for that may lie in the fact that patients suffering from addictive disorders
with or without GD symptoms are documented to discount delayed rewards more rapidly
than healthy controls, thus addictive disorders themselves are associated with higher discount-
ing rates [85,86].

Previous studies have explored that poor response inhibition—that may be related to
impulsive aggression—is affected by acute alcohol consumption [87-89] and chronic alcohol
abuse and dependence as well [90,91]. The control of response inhibition is mediated by pre-
frontal/orbito-frontal and limbic/thalamic cortical circuits, and the impairment of these inter-
connected circuitries may induce excessive aggressive responding, thus impulsive aggression
[92,93]. In our study, we measured impulsive aggression with the BPAQ, which is a widely
used self-evaluation test in clinical setting for assessing trait aggression. In our sample, BPAQ
total scores correlated with gambling symptom severity, which conform to current scientific
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results. Similarly, growing number of studies have reported a link between gambling and
aggressive behaviour [94]. While in a longitudinal study of males tested at age 12, 15 and 18,
[95] found that early aggressive behaviour measured with the BPAQ leads to the increase of
alcohol consumption, but they did not find that alcohol use have led to later aggressive behav-
iour. Similarly, the presence of aggressive impulses has been well-documented in clinical pop-
ulations of AUD and GD as well [96,97].

Risky decision-making and response inhibition as forms of impulsivity have been hypothe-
sised to play a central role in addictive processes. Gambling tasks with risks and rewards like
the IGT and tasks measuring executive (frontal lobe) functions like the WCST have been
widely used to assess decision-making capacities and deficits in response inhibition in individ-
uals with AUD and GD. Compared to healthy controls, AUD and GD patients both exhibit
deficits on the IGT, meaning that they more frequently choose the larger immediate reward
despite the presence of a larger concomitant punishment [98-101]. Similarly, it has also been
documented that in case of chronic long-term alcohol consumption the performance on exec-
utive function tests like the WCST deteriorated [102,103]; also a previous study indicated that
GD patients had more perseverative errors on the WCST, which is another measure of cogni-
tive flexibility [104]. Our results do not conform to these previous findings, since in our sample
we could not identify differences on the IGT or the WCST between chronic AUD patients
with or without GD symptoms, nor did these test results contribute to the likelihood of having
GD symptoms. The reason behind the lack of difference between long-term AUD and AUD
with comorbid GD symptoms might be reasoned with the effects of chronic alcohol consump-
tion in those cortical regions that play essential role in response inhibition and decision-mak-
ing [41,105,106], which in this case did not result in the even higher deficit of the
neurocognitive performance of AUD patients with symptoms of GD compared to patients
with only AUD.

Regarding the lack of differences in other aspects of impulsivity measured in this study,
meta-analyses [18,19] indicate that impulsivity is not a unitary construct and it has different
manifestations in AUD and GD compared to healthy populations. Ioannidis et al. (2019)
argued that clinical and even subclinical GD is characterized by general disfunction in inhibi-
tory control, thus impulsive cognitive disfunction, while another meta-analysis [71] estab-
lished that both AUD and GD show impairment in cognitive impulsivity, GD patients
exhibiting even higher impairment on impulsive decision-making.

However, a few limitations need to be taken into account when interpreting the results of
this study. Since impulsivity is regarded as a complex and multifactorial phenomenon, there is
no clear-cut consensus for defining and operationalizing each component of it, even the num-
ber of components and their separability are questioned. We operationalized impulsivity by
neuropsychological and self-measurement tests assessing four domains: trait impulsivity,
choice impulsivity, impulsive aggression and impulsive decision-making; thus, the present
study is limited by this notion.

Additionally, in the present study, impulsive aggression was measured by the Buss-Perry
Aggression Questionnaire (BPAQ), which is related to impulsiveness; however, it does not
explicitly measure impulsivity, since it includes items of premeditated antisocial behaviour
and hostility. Moreover, considering the cross-sectional nature of the current study, conclu-
sions concerning causality between comorbid AUD and GD symptoms and distinct facets of
impulsivity cannot be drawn. In this study, we could only establish a link between longer life-
time alcohol consumption, more severe alcohol consumption and heightened trait impulsivity
in AUD patients with comorbid GD symptoms compared to sole AUD. Since the prolonged
misuse of alcohol leads to impulsive actions across one’s life course, and this influence both
objective and subjective measures of impulsivity. Future research would benefit from the
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longitudinal evaluation of the different aspects of impulsivity in chronic AUD populations.
Taking into consideration its different presentations in AUD comorbid with GD symptoms
may contribute to clearing directions for providing target-specific and effective treatment
approaches.

Supplementary information for this manuscript can be found online: https://dx.doi.org/10.
6084/m9.figshare.11473296
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