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Abstract

Although it is often regarded as obvious, the exact nature of the relationship between
gambling availability and gambling behaviour or disordered gambling remains
unclear. However, disordered gambling is an important public health issue and
restrictions on availability are seen as an important strategy to reduce gambling-
related problems in many jurisdictions. Applying the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines, we reviewed studies on the
relationship between physical gambling availability and gambling behaviour, as well
as disordered gambling, and focused on several currently discussed hypotheses about
their relationship. We used a systematic electronic search strategy involving 12
search terms and several databases. We included 27 studies and evaluated them by
applying a comprehensive quality rating and quality weighting of evidence. We
found a high proportion of quality-weighted evidence for both a positive relationship
(access hypothesis) and a decrease or plateau in the prevalence of gambling
participation and disorders over time with increasing availability (adaptation
hypothesis). However, several conceptual and methodological problems hamper final
conclusions. For example, studies were often not based on precise hypotheses, only
two studies had a longitudinal design, overall quality ratings varied widely,
operationalizations of gambling availability were sometimes not objectively
measured, follow-up periods were insufficient, and shifting behaviour was not
assessed. To understand the causal role of gambling availability in the development
and course of gambling disorder and to derive evidence-based prevention strategies,
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investigators need to perform more high-quality longitudinal research that is based
on a solid theoretical framework with the corresponding statistical analyses.

Keywords: pathological gambling, problem gambling, gambling industry, review,
gambling disorder, regulation

Résumé

Bien qu’on la considère souvent comme évidente, la nature exacte de la relation entre
la disponibilité des jeux de hasard et le comportement lié à la pratique de ces jeux ou le
jeu compulsif demeure incertaine. Le jeu compulsif représente toutefois une importante
question de santé publique et les restrictions touchant la disponibilité sont considérées
comme une stratégie très valable pour réduire les problèmes associés aux jeux de
hasard dans de nombreux pays. En appliquant les directives PRISMA, nous avons
examiné les études sur la relation entre la disponibilité physique des jeux de hasard et le
comportement lié à ces jeux et au jeu compulsif, en mettant l’accent sur plusieurs
hypothèses qui font actuellement l’objet de discussions. Nous avons employé une
stratégie de recherche électronique systématique comportant douze termes d’inter-
rogation et plusieurs bases de données. Vingt-sept études ont été évaluées en y
appliquant une cote de qualité et une pondérée de la preuve de qualité exhaustives.
Nous avons constaté une forte proportion de pondèrèe probante pour les deux, une
relation positive (hypothèse de l’accès) et une diminution ou un plateau dans la
prévalence de la pratique des jeux de hasard ou du jeu compulsif au fil du temps en
présence de disponibilité croissante (hypothèse d’adaptation). Cependant, plusieurs
problèmes conceptuels et méthodologiques nuisent à la formulation de conclusions
finales. Par exemple, plusieurs études n’étaient pas fondées sur des hypothèses précises,
seulement deux études faisaient l’objet d’un plan longitudinal, les cotes de qualité
globale variaient énormément, les opérationnalisations de la disponibilité du jeu
n’étaient parfois pas mesurées objectivement, les périodes de suivi étaient insuffisantes
et les changements de comportement n’étaient pas évalués. Pour comprendre le rôle
causal de la disponibilité du jeu dans le développement et le cours du jeu compulsif, et
pour en tirer des stratégies de prévention fondées sur des données probantes, une étude
longitudinale de plus grande qualité est requise, et doit être basée sur un cadre
théorique rigoureux et comporter les analyses statistiques correspondantes.

Introduction

In this systematic review, we aim to provide a theory-based overview of current
empirical evidence on the relationship between gambling availability and gambling
behaviour (e.g., gambling participation) with a focus on gambling disorder (GD).
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Various models on the impact of availability on the prevalence of substance use
disorders assume a direct and positive relationship (e.g., Gillespie et al., 2009). This
hypothesis also underlies etiological models of GD (e.g., Blaszczynski & Nower,
2002) and policy measures intended to prevent GD with availability restrictions:
The more gambling opportunities available, the more people will have gambling-
related problems (Hesselbarth, 2009). Several narrative and critical literature
overviews have so far summarized the evidence for a significant positive association
between gambling availability and the prevalence of GD, but a number of studies
also found no evidence for such a relationship (e.g., Abbott, 2020; Johansson et al.,
2009; St-Pierre et al., 2014). These contradictory results have led some researchers to
suggest that there may not be a direct or linear relationship between gambling
availability and the prevalence of GD (Shaffer et al., 2004). Shaffer et al. (2004)
developed the public health regional exposure model (REM) that incorporates three
primary exposure components: dose, potency, and duration. Dose is a measure of
exposure quantity (e.g., to casinos); potency is a measure of source strength, amount,
or threshold (e.g., type of gambling); and duration is a measure of time (e.g., years of
legal gambling). Applying the REM to empirical data, the authors concluded that in
addition to exposure effects (i.e., a positive linear relationship), adaptation processes
should be considered in order to better understand the impact of gambling
availability on the prevalence of GD (LaPlante & Shaffer, 2007). Adaptation over
time can result from a number of influences, such as a decrease in novelty effects,
social learning, an increase in adverse consequences, or the development of preven-
tion and intervention strategies (LaPlante & Shaffer, 2007).

Despite a large number of narrative literature overviews, we see the need for further
systematic literature reviews on gambling availability and problem gambling (see also
Abbott, 2020). To our best knowledge, there have been three systematic reviews of the
relationship between the availability of gambling and gambling behaviour or GD.
Vasiliadis et al. (2013) focused on the relationship between the physical avail-
ability of electronic gaming machines (EGMs) and gambling behaviour, problem
gambling, and gambling-related treatment seeking. This review included 39 studies
and revealed that both proximity and density of EGMs are associated with gambling
participation, whereas proximity is specifically more strongly associated with increased
GD prevalence rates. The authors concluded that, among other things, there is a need
for a better theoretical framework. LaPlante et al. (2018) included 20 studies on the
relationship between gambling expansion and gambling behaviour and gambling
problems or GD. They found that 12 of 34 expansion outcomes (35.3%) were related
to an increase in gambling outcomes, whereas 64.7% of outcomes suggested no
changes or a decrease in gambling outcomes. G. Meyer et al. (2018) included eight
studies and focused on the effect of supply reduction on the prevalence of gambling
participation and GD. They found that gambling participation and GD prevalence
decreased after supply reduction. Only a few study results did not show significant
changes or an increase in gambling participation after supply reduction.

A second research need is a more theory-based approach. An innovative aspect of
this systematic review is that we aim to structure the empirical evidence according to
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the following four hypotheses on the relationship between the availability of
gambling and the prevalence of GD (Becker, 2015):

1. Independence hypothesis: There is no causal relationship; that is, if gambling avail-
ability increases, an increase in the prevalence of GD does not automatically follow.

2. Access hypothesis: There is a positive linear relationship; that is, the prevalence of
GD will proportionally rise if availability rises and will proportionally drop if
availability drops.

3. Satiation hypothesis: There is a positive linear relationship that reaches a plateau;
that is, the prevalence of GD proportionally rises with higher availability, but
above a certain level of availability, the prevalence remains constant and no
longer proportionally follows the increase in availability.

4. Adaptation hypothesis: There is a positive causal relationship for a given period;
that is, if availability increases over time, the prevalence of GD initially increases
linearly and then remains stable or decreases over time (the only hypothesis that
considers a development over time).

Evidence for one or more of these hypotheses remains unclear, even though public
health policy actions in many countries are based on the access hypothesis and aim to
reduce the prevalence of gambling-related problems with quantitative restrictions
of the gambling market. For instance, countries such as Italy, Belgium, Austria,
Portugal, Slovenia, Sweden, South Africa, and the United Kingdom have restricted
the number of casinos and slot machines (Williams, West, & Simpson, 2012). In
2007, Norway banned slot machines completely, which resulted in heterogeneous
effects on gambling problems (Rossow et al., 2013).

A third research need is the use of comparable and objective operationalizations of
gambling availability and gambling problems or GD. Regarding the operationaliza-
tion of GD, established diagnostic instruments or screenings should be used.
Conclusions regarding increased or decreased GD prevalence rates have often been
drawn from indicators such as treatment seeking, which is problematic because only
a small proportion of individuals with GD seek treatment (Slutske, 2006). Regarding
the operationalization of availability, Hing and Nisbet (2010) and Becker (2015)
heuristically distinguished three dimensions:

1. Cognitive availability (e.g., degree of knowledge about gambling such as product
knowledge)

2. Social availability (e.g., degree of normalization of gambling through exposure
such as advertisement or family involvement)

3. Physical availability (e.g., distance to the next gambling opportunity such as
opening hours, number, distribution, and geographic location of gambling venues)
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To facilitate comparability and integration of study results from different countries,
in this review, we focus on physical availability, since cognitive and social availability
are strongly influenced by cultural (e.g., attitude towards gambling) and political
characteristics (e.g., bans on advertisement) and are much harder to objectively
measure. We included studies on both increased and decreased physical availability
because the four hypotheses indirectly assume that the relationship (if any) to
gambling behaviour or GD is a continuous function. Accordingly, studies are
included that investigated an increase in physical availability (e.g., opening of a new
casino), a decrease in availability (e.g., prohibition of slot machines), or other forms
of physical availability (e.g., number of years that a casino exists). In addition to
GD, we also included gambling behaviour outcomes (e.g., gambling duration and
stakes), as certain aspects of gambling behaviour (e.g., increase in money spent on
gambling) are relevant predictors of gambling problems and GD (Currie et al., 2017;
Gray et al., 2012; Xuan & Shaffer, 2009).

As a fourth research need, quality ratings of the reviewed studies should be applied.
With the exception of the review by LaPlante et al. (2018), no quality ratings were
conducted, and so there may have been interpretation biases regarding novel or
prominent findings. Moreover, none of the reviews weighted the evidence according
to the quality of studies; that is, results of studies with higher research quality were
not weighted more strongly than those with lower quality, which we consider
important for research synthesis.

A final research need is to include studies on different gambling types. It is known
that some types of gambling have higher proportions of participants with GD
and thus have a higher potency according to the REM (Shaffer et al. 2004). Because
most literature reviews focus on slot machines or casinos, it remains unclear
whether certain availability hypotheses apply only to certain gambling types
(St-Pierre et al., 2014).

In sum, we applied a systematic review to address the relevant research question of
how physical gambling availability is related to gambling behaviour, with a focus on
GD. We thereby focused on the following conceptual and methodological research
needs: (a) a systematic review of the literature and expansion of the scope of previous
systematic reviews regarding the time period of the search, (b) synthesis and
evaluation of the research evidence according to four currently discussed hypotheses
(independence, access, satiation, adaptation), (c) a focus on studies that used
established diagnostic or screening instruments to assess GD and that assessed
increasing or decreasing physical availability, (d) performance of comprehensive
quality ratings of all studies and weighting of their evidence accordingly, and (e)
inclusion of gambling segments other than EGMs.

Method

This systematic review was performed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses system (Moher et al. 2009).
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Information Sources and Search Strategy

A computer-based database search was carried out by the first author and an
independent research assistant that included the databases Embase, PubMed,
PsycINFO, PSYNDEX, and Web of Science (until June 2019). In accordance with
the population, intervention, comparison, outcome, and study design (PICOS)
criteria (Shamseer et al., 2015), 12 keywords were chosen. Three keywords described
the selection of the population (P): pathol* gambl*, problem* gambl*, AND gambl*
disorder. For the relevant intervention (I), we chose the keywords access*, availab*,
exposure, AND density. Keywords for outcome were (O), prevalence, frequen*,
duration, severity, AND stake. We linked all keywords and used all 60 (3 ! 4 ! 5)
combinations by means of the Boolean operators OR and frequent (for the detailed
review protocol, see Supplement A).

Eligibility Criteria

The population (P) included individuals with GD, problematic gamblers, and those
with gambling behaviour in general community samples. The intervention (I)
concerned the physical availability of gambling opportunities. The intervention
included both a range of gambling availability measures at a given point in time
(proxy for a real intervention effect) and changes in gambling availability over time
due to real interventions such as liberalization of gambling segments. We included
studies that objectively measured gambling availability (e.g., density of gambling
opportunities) and those that provided a historical explanation of changes
(e.g., before and after the introduction of a new gambling segment). The outcome
(O) included the prevalence of GD, problem gambling, gambling frequency,
gambling duration, and stakes. We omitted the two criteria, comparison and study
design (C and S), because we expected a limited number of longitudinal studies or
randomized controlled trials, which would have strongly reduced the eligible data.
Only studies in English with quantitative data acquisition were included.

Study Selection

We used five steps for study selection (see Figure 1):

1. Exclusion of all duplicates

2. Exclusion of all non-English language studies

3. Title screening

4. Abstract screening

5. Full-text screening
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We decided to exclude studies on internet gambling for two reasons. First, although
internet gambling is illegal in certain jurisdictions, participation in internet gambling is
still high, as it is insufficiently controlled and several operators use grey zones arising
from inter-jurisdictional inconsistencies (e.g., offshore sites). Second, because of
new technologies, the internet is always and everywhere available so that there is no
objective measure of physical availability. If one were to use legal status as an opera-
tionalization and compare jurisdictions with legal and illegal status of internet gambling,
one would again be faced with the first problem (uncontrolled gambling offers). Studies
that measured gambling availability as perceived availability were also excluded because
these measures indicate social and cognitive availability. We also excluded studies on
individuals who self-excluded from casinos because, theoretically, they should no longer
be allowed to gamble and therefore gambling availability should be zero.

Figure 1
Flow of Information Through the Different Phases of the Systematic Review (Modified According to
Moher et al., 2009).
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Synthesis of Results

To synthesize study results, we performed a stepwise quality weighting in which we
analysed whether the outcomes of each study showed evidence (significant results) or
no evidence (non-significant results) of one of the four hypotheses, taking the studies’
quality rating scores (QRS) into account: First, a quality rating for each study was
performed. Second, we allocated each outcome to one of the four hypotheses
(Becker, 2015). Different outcomes of one study could be allocated to different hypo-
theses. One outcome could either support (if it was a significant result) or not support
(if it was not significant) the hypothesis to which it was allocated. For simplicity’s
sake, in this review, we refer to ‘‘support of the hypothesis’’ and ‘‘rejection of the
hypothesis.’’ Third, we then calculated the proportion of outcomes per study that
supported or rejected a hypothesis. Fourth, quality weighting was performed in
which we considered the QRS of each study and the number of studies that sup-
ported or rejected one of the four hypotheses.

First Step: Quality Rating Scores (QRS)

Because the varying quality of research studies may bias systematic reviews, it is
important to implement a quality rating system to achieve a better balance of the
included results. We considered three quality rating instruments for systematic
reviews of observational studies: The Downs and Black (D & B Downs & Black,
1998), the Newcastle–Ottawa Scale (NOS; Wells et al., 2019), and the Scottish Inter-
collegiate Guidelines Network (SIGN; checklist for cohort studies, 2012). However,
some important aspects for quality ratings of studies on the effect of gambling
availability were missing (e.g., longitudinal design to test causal hypothesis).
Therefore, we used categories of the three scales and included further categories on
the basis of an earlier systematic review by Kotter et al. (2019). The dichotomous
quality rating included the following categories: Category 1 (study design) was based
on D&B, NOS, SIGN, and the work of Kotter et al. (2019) and was completed by
using aspects that were important for causal interference of results. For example,
studies received 1 point for study design if a longitudinal or repeated cross-sectional
design was applied (vs. no points for a single cross-sectional design). Category 2
(clarity) was based on D&B whereby 1 point could be achieved for clear statistics,
tables, and graphics. One point could be achieved in Category 3 (declaration of
funding or conflict of interest) if the funding of the study or the conflicts of interest
were mentioned. The category was based on the work of Kotter et al. (2019) and has
been highlighted as an important need in gambling research (Livingstone & Adams,
2016). Category 4 (measurement of availability) was adapted from D&B, NOS,
SIGN, and the work of Kotter et al. (2019) and refers to the objectivity and reli-
ability of gambling availability. For instance, 1 point could be achieved for using an
objective geocoding system (exact distance to a gambling opportunity) versus no
points for the sheer number of gambling opportunities without measures such as
distance or density. Categories 5 (measurement of GD and problem gambling) and 6
(measurement of gambling behaviour) were based on D&B, SIGN, and the work of
Kotter et al. (2019) and refer to the objectivity and reliability of outcome measures.
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One point was given when established and validated instruments were used for
measuring GD, problem gambling, and gambling behaviour. Every category had
one to six subcategories. A study could receive 1 quality point per subcategory and
reach a maximum of 15 points. The quality of all included studies was independently
rated by the first author and an external research assistant. Discrepancies in ratings
(n = 2) were resolved through consultation and consensus among the raters and by
refining the quality criteria in Supplement C to prevent misunderstandings.

Second Step: Hypothesis Allocation

The next step was to allocate every outcome of every study to one of the four
hypotheses. The allocation procedure was based on the concrete assumptions of the
four hypotheses:

1. Independence hypothesis: Cross-sectional or longitudinal study designs could be
allocated. Study outcomes could be allocated to this hypothesis if they resulted from
statistical methods such as equivalence or non-inferiority testing, which are required
to prove no or low relations. Notably, we cannot allocate non-significant results in
linear testing (e.g., linear regression analyses) to the independence hypothesis because
a lack of evidence is not evidence of lack. Null findings can also be low because of
methodological issues, just by chance, or because relations are non-linear.

2. Access hypothesis: Cross-sectional or longitudinal study designs could be allocated.
Study outcomes could be allocated to this hypothesis if they resulted from statistical
tests for linear relations (e.g., linear regression) or group differences (e.g.,
comparison of the GD prevalence rates before and after an EGM ban).

3. Satiation hypothesis: A cross-sectional relationship was assumed so that we could
allocate outcomes only from cross-sectional studies to this hypothesis. We allocated
study outcomes to this hypothesis if they resulted from statistical tests with non-
linear models (e.g., non-linear regression) or at least three levels of availability
(testing Level 1 against Level 2 and Level 2 against Level 3), which are required to
prove a plateau or constant limit after availability reaches a certain level.

4. Adaptation hypothesis: This is the only hypothesis that has assumptions about a
development over time, so that we could allocate only longitudinal outcomes to
this hypothesis. We allocated study outcomes to this hypothesis if they resulted
from statistical tests with non-linear models (e.g., non-linear regression) or at least
three levels of availability (testing Level 1 vs. Level 2 and Level 2 vs. Level 3),
which are required to prove a plateau or constant limit of GD or problem
gambling with increasing availability over time.

In the first allocation steps, we checked the design and the outcomes regarding the
assumptions of each hypothesis (Figure 2). If the design was cross-sectional, the
study outcomes could not be allocated to the adaptation hypothesis with its longitu-
dinal assumptions. The initial allocation for such a study could be independence,
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access, or satiation hypotheses. In a longitudinal study with only two measurement
points, the initial allocation could only be the independence and access hypothesis
because a plateau assumed in the adaptation hypothesis could not be tested. In a
longitudinal study with only three or more measurement points, the initial allocation
could be independence, access, or adaptation hypotheses. The final allocation was then
based on the statistical methods used in the study. For example, a study with a
longitudinal design and two assessment points (example Study C in Figure 2) had two
outcomes: general gambling prevalence rates and South Oaks Gambling Screen
(SOGS) scores. The SOGS scores changed significantly, but the gambling prevalence
rates did not. A test for independence was not performed. Consequently, we allocated
the significant change in SOGS scores to ‘‘support access hypothesis’’ and the non-
significant change in gambling prevalence to ‘‘reject access hypothesis’’.

Third Step: Consistency Outcome Weighting

The assumptions of the hypotheses were exclusive so that one outcome could only be
allocated to one hypothesis. After the allocation of study outcomes to the hypotheses,
we analysed whether the outcomes supported or rejected one hypothesis (see Figure 2).

Figure 2
Allocation of Study Outcomes to the Four Hypotheses (Independence, Access, Adaptation, Satiation).

Note. GD = gambling disorder; EGMs = electronic gaming machines; sign. = significant; n.s. = not
significant; ANOVA = analysis of variance.
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If all outcomes of one study supported one hypothesis, the proportion would be 1 (or
100%); if two of three outcomes of a study supported one hypothesis and one outcome
rejected the hypothesis, the proportion would be 2/3 support and 1/3 reject, respectively.

Fourth Step: Quality Weighting of Evidence

Because of the study heterogeneity, we could not perform a meta-analysis. However,
to provide a more objective measure of evidence for one hypothesis, including
the quality of the studies, we developed a quality weighting of evidence. We regard
this procedure as an innovative aspect of our review. For further use or replication
purposes, we provide an example calculation in Supplement E and the exact
calculation for each hypothesis in Supplement F. The quality weighting integrated the
quality of the study that an outcome belongs to (= QRS) and the strength of evidence
(= consistency outcome weightings) for or against the hypothesis to which the outcome
had previously been allocated (independence, access, adaptation, satiation).

For each study, we multiplied the consistency outcome weighting of the study
supporting (e.g., 2/3) and rejecting one hypothesis (e.g., 1/3) with the QRS of the study
(e.g., 7), which results in quality weighted evidence supporting (e.g., 2/3 ! 7 = 4.7)
and rejecting one hypothesis (e.g., 1/3 ! 7 = 2.3). For each hypothesis (independence,
access, adaptation, satiation), the quality weighted evidence from all studies was total-
led, which results in separate sum scores of evidence for and against the hypothesis.

Finally, we multiplied the sum score by the number of studies that (partially)
supported or (partially) rejected a given hypothesis in order to (a) give more weight to
outcomes that were supported by several different studies and research groups (higher
evidence level) versus outcomes supported by few research groups (lower evidence
level) and (b) to take into account that some outcomes from different publications
were based on the same sample and therefore counted as one study (for a detailed
sample calculation, see Supplement E). If two or more studies were based on the same
sample, we counted them as one single study. This was the case for the studies by
Barnes et al. (2017), Lund (2009), and Welte, Barnes, et al. (2016; Survey of Gambling
in the U.S. [SOGUS1] sample); the studies by Barnes et al. (2017) and Young et al.
(2012; SOGUS2 sample); and the studies by Welte et al. (2004, 2009; Canadian
Community Health Survey sample). The quality weighting of evidence for each
hypothesis was calculated over all study results. To explore whether evidence differed
between operationalizations of availability, we further calculated separate quality
weightings for different operationalizations of availability (e.g., for proximity to the
next gambling opportunity or for the opening of a new casino).

Results

Study Sample

Twenty-seven studies met the eligibility criteria (Table 1; for study exclusions, see
Supplement B). We decided to also include a meta-analysis as an original study because
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the authors did not perform a pooled analysis of published results, but a pooled analysis
of raw data (mega-analyses), which does not contain the data of any of the other studies
included in our review. The study years ranged widely from 1985 to 2013. Except for
three studies (Black et al., 2012; Jacques & Ladouceur, 2006; Wilson et al., 2006), all
studies examined large samples of 1,000 or more participants. Except for six studies
(LaBrie et al., 2003; Lund, 2009; Marshall, 2005; Ministry of Health, 2008; Pearce
et al., 2008; Wilson et al., 2006), all studies used established gambling screens such as
the SOGS, the Diagnostic Interview Schedule, the Canadian Problem Gambling Index
(or its nine-item subset), or the Problem Gambling Severity Index. Some studies opera-
tionalized availability through a historical explanation based on the changing gambling
market and substantiated increasing availability, for example, with the introduction of
electronic gambling machines or number of years a gambling opportunity was legal.

QRS and Quality Weighting of Evidence

Table 1 shows the QRS (for detailed quality ratings of included records, see
Supplement D). One record reached a quality score of 14, but no record reached the
maximum score of 15. The quartile of quality scores ranged between 6 and 10.

Study outcomes could be allocated only to the access and the adaptation hypotheses.
No study explicitly tested the independence or satiation hypotheses or used the
necessary statistical tests, and no study had outcomes that could have been allocated
to these hypotheses. Accordingly, the quality weightings were calculated for the
access and adaptation hypotheses only (see Tables 2 and 3). In the following
sections, we present the synthesis of results according to the QRS and separately for
gambling behaviour and GD (for the detailed calculation of the quality weighting,
see supplement F). Because only four studies had outcomes that could be allocated to
the adaptation hypothesis, we are not able to present separate analyses for the
different operationalizations of availability in Table 3.

Results for the Access Hypothesis: Gambling Disorder and Problem Gambling

The calculation of the overall quality weighting resulted in support of the access
hypothesis for the relationship between availability and GD and problem gambling;
that is, 66% of the quality weighted scores supported the hypothesis and 34% did not
support the hypothesis. Following the access hypothesis, these results show that GD
and problem gambling prevalence are proportional to gambling availability.

The quality-weighted evidence supporting the hypothesis for different outcome
operationalizations of availability varied widely between 50% and 93% for the different
operationalizations. For the relationship between distance/proximity and density/
number of gambling opportunities and GD/problem gambling, the access hypothesis
was supported. For example, participants who lived close to a gambling opportunity
were more likely to be problem gamblers and manifested more serious gambling pro-
blems (Adams et al., 2007; Ministry of Health, 2008; Pearce et al., 2008; Rush et al.,
2007; Welte, Barnes, et al., 2016). Other results showed no significant relationships to the
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proximity to racetracks, a casino in a 30-mile (48.2-km) radius, the density of lottery out-
lets in a 1-mile (1.6-km) radius, and gambling venues within 5 km (Barnes et al., 2017;
Ministry of Health, 2008; Pearce et al., 2008; Welte et al., 2006; Welte, Barnes, et al., 2016).

Concerning exposure, legality of gambling, years of legality, and historical overview,
the access hypothesis was supported. For example, the number of years in which
gambling was legal was associated with increased prevalence rates of GD or problem
gambling (Volberg, 1994; Welte, Tidwell, et al., 2016). The prevalence of problem
gambling increased with increasing numbers of legal gambling types and years they
had been legal (Welte, Tidwell, et al., 2016), but when some variables were controlled
for (e.g., legality of casinos, legal lottery), the results for some operationalizations of
availability became non-significant.

Two studies that analysed the impact of the opening of a new casino found only
partial evidence for a relationship with GD indicators. Two studies that examined
the ban of slot machines showed conflicting results: Perceived gambling problems

Table 2
Quality Weightings of Evidence Supporting or Rejecting the Access Hypothesis
(a Positive Linear Relationship Between Gambling Availability and Gambling
Behaviour or Gambling Disorder) Across All Study Outcomes and Separately for the
Different Operationalizations of Availability

Quality weighting category
Support of the

access hypothesis
Rejection of the
access hypothesis

1. Gambling disorder/problem gambling
Overall quality weighted evidence 1,609 822
Total quality weighting scores 66% 34%
Quality weighted evidence separately for different

operationalizations of availability
Distance 258 102
Total quality weighting scores 72% 28%
Density and number of gambling opportunities 428 207
Total quality weighting scores 67% 33%
Exposure, legality, years of legality, and

historical overview
57 4

Total quality weighting scores 93% 7%
Opening of a new casino 11 10
Total quality weighting scores 52% 48%
Ban of slot machines 19
Total quality weighting scores 50% 50%

2. Gambling behaviour
Overall quality weighting (operationalizations

were distance, density, and number of gambling
opportunities; exposure, legality, years of
legality, and historical overview; opening of a
new casino; ban of slot machines)

1,818 432

Total quality weighting scores 81% 19%
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and weekly gambling on sports bets, lotteries, etc., were reported less frequently
among problem and at-risk gamblers after the ban. However, weekly gambling on
other games increased (Rossow et al., 2013).

Results for the Adaptation Hypothesis: Gambling Disorder and Problem Gambling

The calculation of the overall quality weighting resulted in support of the adaptation
hypothesis for the relationship between availability and GD and problem gambling;
that is, 100% of the quality weighted scores supported the hypothesis. With
increasing availability over time, GD and problem gambling prevalence first linearly
increase and then remain stable or decrease over time. For example, one study found
that the rate of problem gamblers reached a plateau despite increased availability
(Abbott, 2017) and another found decreased problem gambling prevalence rates
after a period of stable availability (Storer et al., 2009). Even in a region where a new
casino was opened, the rates of GD did not increase after 2 years and 4 years
(Jacques & Ladouceur, 2006). Nevertheless, in the 4-year follow-up, participants in
the experimental group indicated significantly more often than the control group that
they knew someone who might be a problem gambler (Jacques & Ladouceur, 2006).

Results for the Access Hypothesis: Gambling Behaviour

The calculation of the overall quality weighting resulted in support of the access
hypothesis for gambling behaviour; that is, of the quality weighted scores, 82%

Table 3
Quality Weighting of Evidence Supporting or Rejecting the Adaptation Hypothesis
(After an Increase of Gambling Availability, the Prevalence of Gambling Behaviour or
Gambling Disorder Initially Increases but Decreases Over Time Because of
Adaptation Processes)

Quality weighting category

Support of the
adaptation
hypothesis

Rejection of the
adaptation
hypothesis

1. Gambling disorder/problem gambling
Overall quality weighting of evidence for

the relationship with gambling availability
(operationalizations were the opening of a new
casino, density, and historical overviews)

164 0

Total quality weighting scores 100% 0%
2. Gambling behaviour

Overall quality weighting of evidence for
the relationship with gambling availability
(operationalizations were the opening of a new
casino and historical overviews; gambling
participation and maximum amount of money lost
in 1 day of gambling were measured)

90 0

Total quality weighting scores 100% 0%
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supported the hypothesis and 18% did not support the hypothesis. Significant positive
relationships were found between the proximity of gambling opportunities and
gambling participation, gambling expenditures, the probability of being a gambler,
and more gambling on slot machines and casino tables (Adams et al., 2007; Ministry
of Health, 2008; Pearce et al., 2008; Sévigny et al., 2008). Concerning density, for
example, one study showed a significant positive relationship between the presence of a
gambling opportunity within a 30-mile (48.2-km) radius and frequent gambling
(Barnes et al., 2017). After the opening of a new casino, gambling participation in the
experimental group of a natural experiment increased significantly compared with that
in the control group (Room et al., 1999). In regions where casinos and lotteries had
been available for a long time, per capita lottery sales were higher than in states where
gambling was not available, and states that later introduced legal lotteries had lower
gambling participation and a lower number of gambling activities compared with that
in other states (Volberg, 1994). As availability increased, the amount of money lost in
1 day through gambling increased significantly and, over time (historical overview),
more participants gambled (Ladouceur et al., 1999).

One study found no significant relationship between the number of casinos within a
30-mile (48.2-km) radius and gambling participation, but did so with frequency of
gambling (Welte, Barnes, et al., 2016). Another study showed that after the ban of
slot machines, weekly slot machine gambling decreased, whereas gambling on other
types of gambling increased (Rossow et al., 2013). Participants from states with a
higher gambling exposure (combination of the number of legal gambling
opportunities and years they had been legal) tended to have higher prevalence rates
of frequent gambling, but years of legality and gambling participation were not
associated (Welte, Tidwell, et al., 2016).

One study did not find a relationship between a casino within a 10-mile (16.1-km)
radius and gambling participation or gambling frequency (Welte et al., 2004).
Concerning distance, one of the studies did not find a significant relationship between
15 (of 17) types of gambling and gambling participation (Adams et al., 2007). One
study did not find significant results for higher expenditures for gambling after the
opening of a casino (Volberg, 1994), and another study found no significant asso-
ciation between gambling for any type of gambling activity in the last year and the
number of gambling venues within 800 m or 5 km (Ministry of Health, 2008). Partici-
pation in new gambling opportunities increased in the first 2 years after their intro-
duction, but decreased substantially thereafter; in contrast to the access hypothesis,
gambling participation decreased despite increasing availability (Abbott, 2017).

Results for the Adaptation Hypothesis: Gambling Behaviour

The calculation of overall quality weighting resulted in support of the adaptation
hypothesis concerning the relationship between availability and gambling behaviour;
that is, 100% of the quality weighted scores supported the hypothesis. With
increasing availability over time, gambling behaviour first linearly increases and then
remains stable or decreases over time.
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One study supported the adaptation hypothesis by showing that despite the
increasing expansion of gambling opportunities over time, gambling participation
decreased (Black et al., 2012). Another study showed a similar effect over time:
1 year after the opening of a casino, participants of the experimental group gambled
more often, but the frequency decreased after 2 years and 4 years for both groups
(Jacques & Ladouceur, 2006). The maximum loss of money per gambling day was
higher for both the experimental and the control group, but this trend did not
continue after 2 years and 4 years. After 4 years, the amount of gambling even
decreased below the amount before the casino opening. Although the experimental
group lost less money in 1 day compared with that in the control group, 4 years after
the casino opening, they lost significantly more than they did before the opening
(Jacques & Ladouceur, 2006).

Discussion

In this systematic review, we aimed to provide an overview of recent empirical
evidence on the relationships between indicators of physical gambling availability
and indicators of gambling behaviour, with a focus on problematic and disordered
gambling. An innovative aspect of our review is that we used comprehensive quality
weightings of evidence for one or more association hypotheses (independence, access,
satiation, adaptation). The quality-weighted results supported both the access
hypothesis (i.e., a positive linear association between gambling availability and
gambling behaviour or GD) and the adaptation hypothesis (i.e., after an increase of
gambling availability, the prevalence of gambling behaviour or GD initially
increases but decreases or stabilizes over time because of adaptation processes).
The other two hypotheses (independence, satiation) were not addressed in any study.
Before coming to general conclusions, we would like to address some methodological
reservations we have regarding the study situation to date.

Methodological Problems of Reviewed Studies

First, many of the included records did not explicitly examine any of the four (or
other) hypotheses, thereby building on an incomplete theoretical framework. In
addition, the assumptions of the hypotheses were not always formulated precisely
enough and they varied between studies. For example, the definition of the
adaptation hypothesis varied in that some studies defined it as a decrease in
prevalence of GD over time with constant availability and others as a decrease in the
prevalence of GD with increasing availability. Because of the limited number of
longitudinal studies, all studies were combined in one quality weighting score,
although their practical implications are different.

Second, operationalizations of changes in availability and the corresponding empi-
rical evidence differed greatly. For instance, many studies simply assumed high
availability because of the introduction of new gambling opportunities (historical
overview) and found the highest quality weighted evidence for the access hypothesis
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in comparison with, for example, geocoded distance, which is a more objective
measure of availability. In addition, dichotomized operationalizations were also a
problem, for example, studies that compared sites with low and high availability
(without measuring continuous data). With such operationalizations, it is not
possible to assess linear (or non-linear) relationships between availability and
gambling participation or GD.

Third, a more objective operationalization of availability is geocoding, which measures
the exact distance from a person’s home to the nearest gambling venue. However, these
studies did not examine whether the geocoded venue was also the most visited venue.

Fourth, studies often did not measure how long gambling opportunities had been
available. For instance, if a study had measured the prevalence of GD shortly after
the opening of a new casino, the novelty effect could lead to a high prevalence of
gambling behaviour or GD; consequently, the access hypothesis would have been
supported. If the measurement had been carried out later, adaptation could have
contributed to reduced prevalence and consequently, the access hypothesis would
have been rejected.

Fifth, because of the lack of longitudinal designs in almost all studies (only two
studies with a longitudinal design were found), the causal or at least temporal
relationship between availability and gambling behaviour or GD remains unclear.
Although we included repeated and simple cross-sectional studies because they made
statements about the adaptation hypothesis, their temporal assumptions cannot be
tested with such study designs. For instance, it is possible that individuals with
gambling problems tend to move to regions with more gambling venues, or that
casinos tend to open in regions where the population already has higher prevalence
rates of GD (Yoo et al., 2004, as cited in Sun et al., 2013). A third factor (e.g.,
demographic variables) could also affect both availability and GD.

Sixth, not every study that examined the ban of a particular gambling type also
examined the effects on other types of gambling. However, this is necessary because
the prohibition of one type of gambling could lead to a shift of gambling
participation towards other types of gambling.

Strengths and Limitations of the Review

The strength of this systematic review is its theory-based approach and its compre-
hensive quality rating and weighting. The innovative calculation of the quality
weighting of evidence allows a quantitative and thus more objective statement on
how strongly the four hypotheses were supported by the study outcomes. In addition,
we examined in detail whether different operationalizations of availability affected
the evidence for the four hypotheses.

We included studies on increased and decreased availability because the four
hypotheses indirectly assume that the relationship to gambling behaviour or GD is a
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continuous function. However, this could be oversimplified, as it ignores interaction
effects. For example, although supply reduction is used as a prevention measure in
contexts with high gambling availability (risk condition), the opening of a new venue
takes place in other contexts with other moderating factors (novelty condition).

Our review included some evidence from the grey literature on the relationship
between the availability of gambling and the prevalence of gambling behaviour or
GD. This evidence pointed in the same direction as the evidence from peer-reviewed
journal articles. However, we did not explicitly and systematically search for grey
literature on this topic. This could lead to a higher proportion of studies that do not
provide evidence for the hypothesized relationships (e.g., because of publication
biases). Moreover, two grey literature studies could not be considered for this review
because they were unavailable online or on request from the first authors. There is a
need for open data in the research field of gambling availability and GD in order to
facilitate the accumulation of evidence.

Furthermore, the conclusions of a review are also limited regarding the limitations of
the studies included. No study had outcomes that could be allocated to the
independence or satiation hypotheses. Only a few study authors had examined
common control variables for an adequate interpretation; in the present review, we
therefore examined no control, mediator, or moderator variables. We partly
accounted for this by giving higher quality ratings to studies with multivariate
analyses. A meta-analysis was not possible due to the methodological heteroge-
neity of the included studies. To nevertheless obtain an overview of the statistical
results of the studies, we classified the study results in support or rejection of a
hypothesis. However, it is important to note that significant outcomes may be due to
chance, and non-significant outcomes do not mean that there is no relation-
ship. Moreover, the overall quality weighting of evidence should be interpreted
with caution because (a) different instruments and indicators were used for all
relevant dependent and independent variables such as prevalence rates of gambling
behaviour, problem gambling, and GD; and (b) the methodological quality (QRS)
varied widely.

Finally, our findings may be specific to a particular historical period when the
availability of several specific forms of gambling increased rapidly. In North America
and Australia, for example, there was a rapid increase in EGMs and casinos in the late
1990s and early 2000s (Williams, Volberg, & Stevens, 2012). The study years of the
included studies ranged from 1985 to 2013, with 17 studies exclusively or partially
occurring in the late 1990s and early 2000s and 11 studies occurring in earlier and later
periods. Therefore, we are confident that our results are not strongly biased by the time
period and the rapidly increasing gambling opportunities.

General Conclusions and Research Needs

We found moderate to strong evidence supporting the access hypothesis and the
adaptation hypothesis. Concerning the access hypothesis, the evidence for the
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assumed positive linear association with gambling availability is stronger for
gambling behaviour than for GD: 66% and 81% of the quality weighted scores
support this hypothesis for gambling behaviour and GD, respectively. However,
some study outcomes showed weak or even contradictory associations. Concerning
the adaptation hypothesis, only a few study outcomes could be allocated to this
hypothesis, but they all support it. As a basis for implementing efficient regulatory
measures to prevent problem gambling and GD, our results show that the empirical
evidence for quantitative regulations is currently insufficient. The methodological
issues described earlier make it clear that more high-quality longitudinal research is
needed that directly addresses the four hypotheses with the corresponding statistical
analyses. Future studies should distinguish between different types of gambling for
two reasons. First, different association hypotheses could apply to different gambling
types to which different potencies are attributed (Shaffer et al., 2004). For example,
one study in our review found evidence for the access hypothesis only for the distance
of casinos, but not for other gambling types (Cox et al., 2005). Second, the
prohibition of one type of gambling could lead to a shift in gambling participation
towards other types of gambling, which has to be considered. Concerning the
assessment of gambling availability, future studies should apply geocoding and check
whether the nearest gambling venues are also those used by the individuals studied.
There is also a need for research on the influence of gambling availability over time,
distinguishing between subpopulations with different vulnerabilities for the devel-
opment of GD. For example, Welte et al. (2007) found that residential proximity to
casinos specifically predicted gambling problems for men who were over 30 years of
age. The question remains open as to whether the different availability hypotheses
apply differently to non-risk and high-risk populations. One assumption could be
that the independence hypothesis applies to high-risk populations, as they also
overcome longer distances and other obstacles in order to gamble (Becker, 2015).
This assumption is consistent with recent longitudinal evidence in several
jurisdictions of decreasing gambling participation over time, but a plateauing of
problem and at-risk gambling (Abbott et al., 2016); the authors who reported this
concluded that the availability models are too simplistic. It is important to highlight
that the development of GD involves a multifaceted interplay of risk factors in which
availability is only one piece of the puzzle (Kräplin & Goudriaan, 2018). Several GD
models assume that distal vulnerability factors (e.g., genes, temperament, early
childhood experiences) increase an individual’s risk of developing GD and that more
proximal risk factors that occur later in life, such as societal factors (e.g., gambling
availability), psychosocial factors (family, peers), or game characteristics (e.g., high
event frequencies), add to this vulnerability and result in GD onset (for an overview,
see Kräplin & Goudriaan, 2018). In summary, prevention programs must include not
only the regulation of gambling availability, which applies to all gamblers (low risk
and high risk), but also the early detection and support of vulnerable individuals
(Bühringer et al., 2018).
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Supplement A: Review Protocol

Database Search strategy Results

Embase Keywords in all combinations
(Date: June 19, 2019) pathol* gambl* AND access*

AND prevalence 57
AND frequen* 27
AND duration 3
AND severity 29
AND stake 0

pathol* gambl* AND availab*
AND prevalence 99
AND frequen* 71
AND duration 29
AND severity 55
AND stake 1

pathol* gambl* AND exposure
AND prevalence 22
AND frequen* 31
AND duration 20
AND severity 33
AND stake 0

pathol* gambl* AND density
AND prevalence 1
AND frequen* 5
AND duration 0
AND severity 7
AND stake 0

Results without filter 490

problem* gambl* AND access*
AND prevalence 43
AND frequen* 28
AND duration 1
AND severity 41
AND stake 0

problem* gambl* AND availab*
AND prevalence 51
AND frequen* 26
AND duration 2
AND severity 39
AND stake 2

problem* gambl* AND exposure
AND prevalence 11
AND frequen* 12
AND duration 5
AND severity 17
AND stake 1

problem* gambl* AND density
AND prevalence 1
AND frequen* 3
AND duration 0

53

AVAILABILITY OF GAMBLING & GAMBLING BEHAVIOUR



AND severity 0
AND stake 0

Results without filter 283

gambl* disorder AND access*
AND prevalence 10
AND frequen* 4
AND duration 1
AND severity 7
AND stake 0

gambl* disorder AND availab*
AND prevalence 16
AND frequen* 14
AND duration 1
AND severity 18
AND stake 1

gambl* disorder AND exposure
AND prevalence 5
AND frequen* 5
AND duration 4
AND severity 3
AND stake 0

gambl* disorder AND density
AND prevalence 0
AND frequen* 0
AND duration 0
AND severity 1
AND stake 0

Results without filter 90

All results without filter 863
Number of all duplicates in Embase 425
All results without duplicates 438
Exclusion because of the language 0

Studies added to Endnote 438

PubMed Keywords in all combinations
(Date: June 13, 2019) pathol* gambl* AND access*

AND prevalence 31
AND frequen* 10
AND duration 2
AND severity 7
AND stake 0

pathol* gambl* AND availab*
AND prevalence 85
AND frequen* 18
AND duration 7

Continued.

Database Search strategy Results
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AND severity 21
AND stake 1

pathol* gambl* AND exposure
AND prevalence 27
AND frequen* 17
AND duration 8
AND severity 22
AND stake 0

pathol* gambl* AND density
AND prevalence 6
AND frequen* 6
AND duration 6
AND severity 6
AND stake 0

Results without filter 280

problem* gambl* AND access*
AND prevalence 80
AND frequen* 37
AND duration 2
AND severity 39
AND stake 0

problem* gambl* AND availab*
AND prevalence 118
AND frequen* 49
AND duration 4
AND severity 38
AND stake 2

problem* gambl* AND exposure
AND prevalence 39
AND frequen* 15
AND duration 4
AND severity 23
AND stake 3

problem* gambl* AND density
AND prevalence 4
AND frequen* 4
AND duration 0
AND severity 1
AND stake 0

Results without filter 462

gambl* disorder AND access*
AND prevalence 36
AND frequen* 8
AND duration 2
AND severity 12
AND stake 0

Continued.

Database Search strategy Results
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gambl* disorder AND availab*
AND prevalence 77
AND frequen* 24
AND duration 8
AND severity 29
AND stake 1

gambl* disorder AND exposure
AND prevalence 50
AND frequen* 23
AND duration 9
AND severity 21
AND stake 0

gambl* disorder AND density
AND prevalence 10
AND frequen* 6
AND duration 4
AND severity 6
AND stake 0

Results without filter 326

All results without filter 1,068
Number of all duplicates in PubMed 556
All results without duplicates 512
Exclusion because of the language 0

Studies added to Endnote 512

PsycINFO Keywords in all combinations
(Date: June 13, 2019) pathol* gambl* AND access*

AND prevalence 27
AND frequen* 11
AND duration 2
AND severity 14
AND stake 3

pathol* gambl* AND availab*
AND prevalence 50
AND frequen* 22
AND duration 5
AND severity 34
AND stake 3

pathol* gambl* AND exposure
AND prevalence 10
AND frequen* 10
AND duration 4
AND severity 18
AND stake 0

pathol* gambl* AND density
AND prevalence 2
AND frequen* 1

Continued.

Database Search strategy Results
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AND duration 0
AND severity 3
AND stake 0

Results without filter 219

problem* gambl* AND access*
AND prevalence 50
AND frequen* 48
AND duration 2
AND severity 62
AND stake 5

problem* gambl* AND availab*
AND prevalence 74
AND frequen* 44
AND duration 3
AND severity 62
AND stake 7

problem* gambl* AND exposure
AND prevalence 15
AND frequen* 18
AND duration 2
AND severity 41
AND stake 0

problem* gambl* AND density
AND prevalence 4
AND frequen* 3
AND duration 0
AND severity 3
AND stake 0

Results without filter 443

gambl* disorder AND access*
AND prevalence 53
AND frequen* 32
AND duration 3
AND severity 49
AND stake 5

gambl* disorder AND availab*
AND prevalence 84
AND frequen* 44
AND duration 4
AND severity 60
AND stake 5

gambl* disorder AND exposure
AND prevalence 18
AND frequen* 20
AND duration 5
AND severity 34
AND stake 0

Continued.

Database Search strategy Results
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gambl* disorder AND density
AND prevalence 4
AND frequen* 3
AND duration 0
AND severity 3
AND stake 0

Results without filter 426

All results without filter 1,088
Number of all duplicates in PsycINFO 681
All results without duplicates 407
Exclusion because of the language 15

Studies added to Endnote 392

PSYNDEX Keywords in all combinations
(Date: June 17, 2019) pathol* gambl* AND access*

AND prevalence 1
AND frequen* 0
AND duration 1
AND severity 1
AND stake 0

pathol* gambl* AND availab*
AND prevalence 6
AND frequen* 2
AND duration 1
AND severity 1
AND stake 0

pathol* gambl* AND exposure
AND prevalence 1
AND frequen* 1
AND duration 0
AND severity 0
AND stake 0

pathol* gambl* AND density
AND prevalence 0
AND frequen* 1
AND duration 0
AND severity 0
AND stake 0

Results without filter 17

problem* gambl* AND access*
AND prevalence 1
AND frequen* 0
AND duration 0
AND severity 1
AND stake 0

Continued.

Database Search strategy Results
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problem* gambl* AND availab*
AND prevalence 4
AND frequen* 1
AND duration 0
AND severity 1
AND stake 0

problem* gambl* AND exposure
AND prevalence 0
AND frequen* 0
AND duration 0
AND severity 0
AND stake 0

problem* gambl* AND density
AND prevalence 0
AND frequen* 0
AND duration 0
AND severity 0
AND stake 0

Results without filter 8

gambl* disorder AND access*
AND prevalence 0
AND frequen* 0
AND duration 0
AND severity 0
AND stake 0

gambl* disorder AND availab*
AND prevalence 1
AND frequen* 1
AND duration 0
AND severity 0
AND stake 0

gambl* disorder AND exposure
AND prevalence 0
AND frequen* 0
AND duration 0
AND severity 0
AND stake 0

gambl* disorder AND density
AND prevalence 0
AND frequen* 0
AND duration 0
AND severity 0
AND stake 0

Results without filter 2

All results without filter 27
Number of all duplicates in PSYNDEX 17
All results without duplicates 10

Continued.

Database Search strategy Results
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Exclusion because of the language 3

Studies added to Endnote 7

Web of Science Keywords in all combinations
(Date: June 17–18, 2019) pathol* gambl* AND access*

AND prevalence 58
AND frequen* 23
AND duration 4
AND severity 25
AND stake 1

pathol* gambl* AND availab*
AND prevalence 83
AND frequen* 47
AND duration 11
AND severity 31
AND stake 3

pathol* gambl* AND exposure
AND prevalence 36
AND frequen* 33
AND duration 16
AND severity 19
AND stake 1

pathol* gambl* AND density
AND prevalence 8
AND frequen* 9
AND duration 7
AND severity 4
AND stake 1

Results without filter 420

problem* gambl* AND access*
AND prevalence 113
AND frequen* 66
AND duration 3
AND severity 63
AND stake 1

problem* gambl* AND availab*
AND prevalence 115
AND frequen* 68
AND duration 8
AND severity 46
AND stake 5

problem* gambl* AND exposure
AND prevalence 58
AND frequen* 33
AND duration 6
AND severity 36
AND stake 2

Continued.

Database Search strategy Results
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problem* gambl* AND density
AND prevalence 9
AND frequen* 8
AND duration 2
AND severity 2
AND stake 0

Results without filter 644

gambl* disorder AND access*
AND prevalence 81
AND frequen* 33
AND duration 4
AND severity 37
AND stake 0

gambl* disorder AND availab*
AND prevalence 85
AND frequen* 42
AND duration 11
AND severity 41
AND stake 2

gambl* disorder AND exposure
AND prevalence 47
AND frequen* 32
AND duration 12
AND severity 33
AND stake 0

gambl* disorder AND density
AND prevalence 9
AND frequen* 10
AND duration 5
AND severity 6
AND stake 0

Results without filter 490

All results without filter 1,554
Number of all duplicates in Web of Science 928
All results without duplicates 626
Exclusion because of the language 0

Studies added to Endnote 626

Results of all databases All results of all databases without filter 4,600
Total number of duplicates of all databases 2,607
Exclusion because of the language 18
Number of studies after the application of the filters 1,975

Continued.

Database Search strategy Results
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Exclusion strategy for the studies in
Endnote

Number of all studies added to Endnote 1,975
Number of all duplicates in Endnote 836
Results without duplicates 1,139
Number of studies excluded because of the language 34
Results without duplicates and with language filter 1,105

Number of excluded studies Number of studies excluded because of the title 934
Number of studies excluded because of the abstract 100
Number of studies excluded because of reference

type (book, conference, dissertation)
21

Number of studies excluded because of the full text 46

Number of studies after the application
of the exclusion strategy

Number of studies after the exclusion because of the
title

173

Number of studies after the exclusion because of the
abstract and reference type

51

Number of studies after the exclusion because of the
full text

20

Studies found through secondary
literature

Number of studies found through secondary
literature

21

Number of found studies excluded
after full-text screening

14

Number of found studies after full-text screening 7

Number of all eligible studies: 27

Databases of the eligible studies PsycINFO [Study numbers 1, 2, 4, 6, 8, 9,
11, 14, 17, 20, 21, 22]a

12

PubMed [Study numbers 15, 19, 27]a 3
Web of Science [Study numbers 7, 12, 13,

16, 24]a
5

Secondary literature [Study numbers 3, 5,
10, 18, 23, 25, 26]a

7

a Study numbers refer to the numbers allocated to the studies listed in Table 1 of the main text.

Continued.

Database Search strategy Results
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Supplement E: Detailed Quality Weighting Calculation Example

Please see these example calculations for all three steps for the example of the access
hypothesis:

1. Quality rating

Five studies received different quality rating scores (QRS) according to the quality
criteria: 10 points for study A, 8 for study B, 7 for study C, 8 for study D, and 9 for
study E.

2. Consistency outcome weighting

The outcomes of Study A (QRS = 10) and B (QRS = 8) were allocated to the access
hypothesis and all outcomes were significant (supported the access hypothesis) so
that their proportion is 100%.

The outcomes of Study C (QRS = 7) were also allocated to the access hypothesis:
One outcome was not significant and two outcomes were significant; consequently,
their proportions are 1/3 reject and 2/3 support, respectively.

The outcomes of Study D (QRS = 8) were allocated to the access hypothesis and had
non-significant results. The proportion is 100% for reject.

Study E had results that were allocated only to the adaptation hypothesis and are not
included in the calculation of the access hypothesis.

3. Quality weighting

To calculate the quality weighting for the support of the access hypothesis, we
totalled the consistency outcome weightings of Studies A, B, and C (partially):

10 + 8 + 7 ! 2/3 = 22.7

This result was multiplied by the number of studies (3) = 68.1.

For the calculation of the quality weighting for the rejection of the access hypothesis,
we totalled the consistency outcome weightings of study C (partially) and D:

7 ! 1/3 + 8 = 10.3

This result was multiplied by the number of studies (2) = 20.7.

In this fictional example, 68.1 quality weighting points were in favour of the support
of the access hypothesis and 20.7 supported the rejection of the hypothesis. Results
such as these are discussed in the main text.
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Supplement F: Detailed Calculation of the Quality Weighting of Evidence

1. Calculation of the quality weighting for the access hypothesis

Calculation of the overall quality weighting of the availability hypothesis for gambling
disorder or problem gambling

Studies that support the hypothesis Studies that support the hypothesis partially

Study number1 Quality score Study number Quality score Proportion

3 11 6 11
1
2

4 11 11 10
2
3

16 7 7 11
6
10

18 6 12 10
4
5

17 7 15 9
1
2

20 6 19 7
1
2

23 6 14 8
1
2

21 7 22 7
1
2

10 9
4
9

!
11þ 11þ 7þ 6þ 7þ 6þ 6þ 7þ 11! 1

2

" #
þ 10! 2

3

" #
þ 11! 6

10

" #

þ 10! 4
5

" #
þ 9! 1

2

" #
þ 7! 1

2

" #
þ 8! 1

2

" #
þ 7! 1

2

" #
þ 9! 4

9

" #$
! 152 $ 1,609

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

5 10 6 11
1
2

9 9 11 10
1
3

13 10 7 11
4
10
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Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

8 10 12 10
1
5

14 8
1
2

15 9
1
2

19 7
1
2

22 7
1
2

10 9
5
9

!
10þ 9þ 10þ 10þ 11! 1

2

" #
þ 10! 1

3

" #
þ 11! 4

10

" #
þ 10! 1

5

" #
þ 8! 1

2

" #
þ 9! 1

2

" #

þ 7! 1
2

" #
þ 7! 1

2

" #
þ 9! 5

9

" #$
! 112 $ 822

1Study numbers refer to the numbers allocated to the studies listed in Table 1 of the main text.
2If two or more studies were based on the same sample, we counted them as one single study: study numbers 8, 11, and 14
(Survey of Gambling in the U.S. [SOGUS1] sample); study numbers 7, 8, and 13 (SOGUS2 sample); and study numbers 15
and 21 (Canadian Community Health Survey [CCHS 1.2] sample).

Continued.
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Calculation of the quality weighting of the availability hypothesis for gambling disorder
or problem gambling in terms of the operationalization distance

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

15 9 11 10
1
2

17 7
19 7
23 6
10 9
!
9þ 7þ 7þ 6þ 9þ 10! 1

2

" #$
! 6¼ 258

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

9 9 11 10
1
2

13 10
8 10
!
9þ 10þ 10þ 10! 1

2

" #$
! 32 ¼ 102

Calculation of the quality weighting of the availability hypothesis for gambling disorder
or problem gambling in terms of the operationalization density and number of
gambling opportunities

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

4 11 7 11
1
2

11 10 12 10
4
5

16 7 22 7
1
2

21 7 10 9
1
6

11þ 10þ 7þ 7þ 11! 1
2

" #
þ 10! 4

5

" #
þ 7! 1

2

" #
9! 1

6

" #! $
! 8¼ 428
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Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

15 9 7 11
1
2

19 7 12 10
1
5

22 7
1
2

10 9
5
6

9þ 7þ 11! 1
2

" #
10! 1

5

" #
þ 7! 1

2

" #
þ 9! 5

6

" #! $
! 6¼ 207

Calculation of the quality weighting of the availability hypothesis for gambling disorder
or problem gambling in terms of the operationalization exposure, legality, years of
legality, and historical overview

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

18 6 7 11
5
820 6

6þ 6þ 11! 5
8

" #! $
! 3 $ 57

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

7 11
3
8

11! 3
8

" #
! 1 $ 4
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Calculation of the quality weighting of the availability hypothesis for gambling disorder
or problem gambling in terms of the operationalization opening of a new casino

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

3 11

11! 1¼ 11

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

5 10

10! 1¼ 10

Calculation of the quality weighting of the availability hypothesis for gambling disorder
or problem gambling in terms of the operationalization ban of slot machines

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

6 11
1
2

14 8
1
2!

11! 1
2

" #
þ 78! 1

2

" #$
! 2¼ 19

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

6 11
1
2

14 8
1
2!

11! 1
2

" #
þ 8! 1

2

" #$
! 2¼ 19
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Calculation of the overall quality weighting of the availability hypothesis for
gambling behaviour

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

3 11 6 11
5
6

9 9 11 10
5
6

13 10 7 11
10
11

8 10 12 10
4
9

18 6 15 9
2
3

19 7 17 7
2
17

20 6 14 8
8
10

27 4 10 9
6
18

21 7

26 3

!
11þ 9þ 10þ 10þ 6þ 7þ 6þ 4þ 7þ 3þ 11! 5

6

" #
þ 10! 5

6

" #
þ 11! 10

11

" #

þ 10! 4
9

" #
þ 9! 2

3

" #
þ 7! 2

17

" #
þ 8! 8

10

" #
þ 9! 6

18

" #$
! 153 $ 1,818

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

2 12 6 11
1
6

5 10 11 10
1
6

7 11
1
11

12 10
5
9
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15 9
1
3

17 7
13
17

14 8
2
10

10 9
12
18

!
12þ 10þ 11! 1

6

" #
þ 10! 1

6

" #
þ 11! 1

11

" #
þ 10! 5

9

" #
þ 9! 1

3

" #
þ 7! 13

17

" #

þ 8! 2
10

" #
þ 9! 12

18

" #$
! 92 $ 432

3If two or more studies were based on the same sample, we counted them as one single study: study numbers 8, 11, and 14
(Survey of Gambling in the U.S. [SOGUS1] sample); study numbers 7, 8, and 13 (SOGUS2 sample); and study numbers 15
and 21 (Canadian Community Health Survey [CCHS 1.2] sample).

Continued.

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion
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2. Calculation of the overall quality weighting of the adaptation hypothesis for
gambling disorder or problem gambling

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

1 14
2 12
4 11
25 4
(14 + 12 + 11 + 4) ! 4 = 164

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

0

Calculation of the overall quality weighting of the adaptation hypothesis for
gambling behaviour

Studies that support the hypothesis Studies that support the hypothesis partially

Study number Quality score Study number Quality score Proportion

1 14
2 12
25 4
(14 + 12 + 4) ! 3 = 90

Studies that reject the hypothesis Studies that reject the hypothesis partially

Study number Quality score Study number Quality score Proportion

0
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