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Abstract
Disordered gambling (DG) will soon be included along with the substance use disorders in a
revised diagnostic category of the Diagnostic and Statistical Manual of Mental Disorders DSM-5
called ‘Substance Use and Addictive Disorders’. This was premised in part on the common
etiologies of DG and the substance use disorders. Using data from the national community-based
Australian Twin Registry, we used biometric model fitting to examine the extent to which the
genetic liabilities for DG and alcohol use disorder (AUD) were shared, and whether this differed
for men and women. The effect of using categorical versus dimensional DG and AUD phenotypes
was explored, as was the effect of using diagnoses based on the DSM-IV and the proposed DSM-5
diagnostic criteria. The genetic correlations between DG and AUD ranged from 0.29 to 0.44.
There was a significantly larger genetic correlation between DG and AUD among men than
women when using dimensional phenotypes. Overall, about one-half to two-thirds of the
association between DG and AUD was due to a shared genetic vulnerability. This study represents
one of the few empirical demonstrations of an overlap in the genetic risk for DG and another
substance-related addictive disorder. More research is needed on the genetic overlap between DG
and other substance use disorders, as well as the genetic overlap between DG and other (non-
substance-related) psychiatric disorders.
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For the first time ‘behavioral addictions’ (Grant et al., 2010; Petry, 2006; Potenza, 2006)
will be recognized in the official diagnostic nomenclature, with the fifth revision of the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) (Holden, 2010). A number
of candidate behavioral addictions were considered, such as Internet, sex, eating, and
shopping, but the only behavioral addiction to be formally codified is disordered gambling
(DG), which will now be grouped together in the same category as the substance-related
addictions. This decision was based in part on symptomatic and neurobiological similarities
and genetic overlap between DG and the substance use disorders (Frascella et al., 2010) and
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the more developed research base for DG than for the other behavioral addictions. (The term
‘disordered gambling’ is used in this report to refer to the full spectrum of gambling-related
problems, including pathological gambling as defined by the DSM as well as subclinical
problems (Shaffer et al., 1999)).

Epidemiologic research has consistently demonstrated the frequent co-occurrence of DG and
substance-related addictions. In the National Epidemiologic Survey of Alcohol and Related
Conditions (NESARC), the odds ratios of the associations between lifetime DG and alcohol,
nicotine, and illicit drug dependence were 6.5, 7.2, and 4.8, respectively, with larger
associations obtained among women than men (Petry et al., 2005). In particular, the odds
ratios (adjusted for age, race–ethnicity, marital status, urbanicity, region, education, and
income) of the associations between DG and alcohol dependence were 9.5 among women
and 4.6 among men.

To our knowledge, there is only one genetically informed study that has examined the
genetic overlap between DG and a substance-related addictive disorder. Results from the all-
male United States Vietnam Era Twin (VET) Registry study found that the genetic
correlation between DSM-III-R DG (APA, 1987) and alcohol dependence was rG = .45.
Seventy-five percent of the overall association between DG and alcohol dependence was
due to genetic factors (Slutske et al., 2000). Because this study was limited to men, it was
not possible to examine whether the strength of the association between DG and alcohol
dependence or the sources of their co-occurrence differed between men and women. In sum,
the evidence base supporting an overlap in the genetic contributions to DG and substance-
related addictions is quite thin, prompting experts to conclude that ‘more investigation into
common and unique genetic contributions to pathological gambling and substance
dependence are needed’ (Frascella et al., 2010, p. 297).

The purpose of the present investigation was to provide much-needed evidence about the
genetic overlap between DG and one of the most common substance-related addictions,
alcohol use disorder (AUD). The present investigation is an advance over the previous study
(Slutske et al., 2000) in three important ways. First, both women and men were included.
Given the sex difference in the strength of the association between DG and alcohol
dependence in the NESARC study, we hypothesized that there also may be sex differences
in the contribution of genetic and environmental factors to their comorbidity. Second, we
incorporated diagnoses based on the proposed DSM-5 in order to see whether similar results
would be obtained using the DSM-IV (APA, 1994) and the proposed DSM-5 diagnostic
formulation. The DSM-5 also includes a severity-graded ordinal diagnosis of mild,
moderate, and severe DG and AUD; this severity distinction is the approach that the DSM-5
plans to adopt for providing a dimensional diagnostic option (American Psychiatric
Association, 2012). Third, we explored the genetic overlap between DG and AUD using
continuous, dimensional phenotypes. This is compatible with the call for the DSM-5 to offer
a dimensional diagnostic option (Helzer et al., 2007) and would have the benefit of yielding
more statistical power for detecting sex differences in biometric models.

Method
Participants

Participants in this study were 4,764 members of the Australian Twin Registry (ATR)
Cohort II (for more details about the study participants and the zygosity determination, see
Slutske et al., 2009). In 2004–2007, a telephone interview containing a thorough assessment
of gambling behaviors was conducted with the ATR Cohort II members (individual response
rate of 80.4%). The mean age was 37.7 years (range = 32–43 years) and 57.2% of the
sample was female. There were 1,875 complete twin pairs (867 monozygotic (MZ) [520
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female, 347 male], 1,008 dizygotic (DZ) [367 female–female, 227 male–male, and 414
female–male]), and 1,014 individual twins from incomplete pairs (304 MZ [151 female, 153
male], 710 DZ [181 women from female–female pairs, 216 men from male–male pairs, and
207 women and 106 men from female–male pairs]).

Procedure
Twins were assessed by structured telephone interview. Interviews were administered by
trained lay interviewers who were blind to the status of the cotwin. Interviewers were
supervised by a clinical psychologist with over 10 years of experience. All interview
protocols were reviewed either by the project coordinator or by research editors (veteran
skilled interviewers from previous studies who had maintained consistently low error rates
in coding). All interviews were tape-recorded and a random sample of 5% of the interview
tapes was reviewed for quality control and coding inconsistencies. A small subsample of the
participants (N = 166) was re-interviewed several months after their initial interview (mean
interval = 3.4 months, SD = 1.4 months, range = 1.2–9.5 months) to establish the test–retest
reliability of the interview measures. Individuals with a history of DG symptoms were over-
sampled for the test–retest reliability study. This study was approved by the Institutional
Review Boards at the University of Missouri and the Queensland Institute of Medical
Research. All of the participants provided informed consent.

Measures
Two phenotyping approaches were used. The first approach was based on categorical
diagnoses according to the DSM-IV and the proposed DSM-5 criteria. The second approach
used dimensional phenotypes. The purpose of the latter approach was to create the most
informative phenotypes for characterizing comorbidity (Helzer et al., 2007) and maximizing
statistical power in biometric models (Kramer, 2007; Markon et al., 2011).

Disordered Gambling—The DG assessment was based on the National Opinion
Research Center DSM-IV Screen for Gambling Problems (NODS; Gerstein et al., 1999).
The DSM-IV diagnostic criteria for DG were assessed for all participants who reported that
they had ever gambled at least five times within a single 12-month period; the majority of
the participants, 77.5%, surpassed this gambling threshold. Five different DG phenotypes
were included: (1) A dichotomous categorical DG phenotype based on a cutoff of endorsing
five or more DSM-IV DG symptoms (corresponding to a DSM-IV diagnosis of pathological
gambling disorder), (2) a dichotomous categorical DG phenotype based on a cutoff of
endorsing four or more DSM-IV DG symptoms (corresponding to the proposed DSM-5
diagnosis of gambling disorder), (3) a DSM-5 severity-graded (mild, moderate, and severe)
DG diagnosis, (4) a dichotomous categorical DG phenotype based on a cutoff of endorsing
one or more DSM-IV DG symptoms, and (5) a dimensional DG phenotype. The reliabilities
of these measures were excellent (see Table 1 for prevalences and reliabilities), and the
validity of diagnoses of DG based on the NODS has been demonstrated in several studies
(Hodgins, 2004; Slutske et al., 2011; Wickwire et al., 2008). The correlations between the
categorical and dimensional DG phenotypes were all very high (r ≥ .94). The fourth and
fifth phenotypes listed above were used in the biometric model-fitting analyses.

One of the phenotypes used in the biometric model-fitting analyses was a dimensional DG
trait, which was developed for a genome-wide association study of DG (Lind et al., 2012).
The dimensional DG trait was derived by extracting a single common factor from the 10
DSM-IV DG symptoms, 20 items from the South Oaks Gambling Screen (SOGS; Lesieur &
Blume, 1987), and four additional items related to the frequency and versatility of gambling
involvement (to provide coverage of the lower end of the DG distribution). The estimated
factor score was weighted by the factor loadings so that better items contributed more to the
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factor score than did weaker items. Inspection of the relative factor loadings convincingly
showed that the factor score represented an index of a continuum of DG — the five highest
loading items came from the DSM-IV symptom set (three items), the SOGS item set (one
item) and the gambling versatility item (a lifetime count of the number of different gambling
activities ever tried, out of 11). It is noteworthy that gambling versatility was the highest
loading item in the confirmatory factor analysis; previous research has also suggested that
gambling versatility is a good indicator of DG (LaPlante et al., 2009; Welte et al., 2004b).

Alcohol Use Disorder—The AUD assessment came from the World Health Organization
Composite International Diagnostic Interview (CIDI; Kessler et al., 1998; Robins et al.,
1988). Four different AUD phenotypes were included: (1) A DSM-IV alcohol dependence
(AD) diagnosis, (2) an approximate DSM-5 AUD diagnosis based on a cutoff of endorsing
two or more symptoms, (3) a DSM-5 severity-graded (mild, moderate, and severe) AUD
diagnosis, and (4) an 11-item dimensional DSM-IV AUD symptom count (incorporating
both alcohol dependence and abuse symptoms). The DSM-5 diagnoses were approximations
because one of the 11 DSM-5 symptoms, ‘craving’, was not included in the DSM-IV
assessment. The reliabilities of these measures were good (see Table 1 for prevalences and
reliabilities). The correlations between the categorical and dimensional AUD phenotypes
were all very high (r ≥ .92). (The first, third, and fourth phenotypes listed above were used
in the biometric model fitting analyses.)

Data Analysis
The DSM-IV AUD symptom count was log-transformed to reduce the skewness and
kurtosis of its distribution. Biometric models were fitted directly to the raw twin data by the
method of robust weighted least squares (for the analysis of categorical phenotypes) or
maximum likelihood (for the analysis of continuous phenotypes) using the Mplus program
(Version 6.1; Muthén & Muthén, 2007). Biometric model-fitting was conducted to partition
the variation in DG and AUD, each considered in isolation, into additive genetic, shared
environmental or non-additive genetic, and non-shared environmental influences, and to
similarly partition the covariation between DG and AUD into genetic or environmental
factors. The evidence for sex differences in the sources of comorbidity between DG and
AUD was evaluated by comparing the fits of models that allowed parameter estimates for
men and women to differ with models that constrained parameter estimates for men and
women to be equal.

Results
Associations Between Disordered Gambling and Alcohol Use Disorder

For all of the definitions used, DG was significantly associated with AUD (see Table 2). The
associations between the categorical definitions of DG and AUD did not significantly differ
for men and women, but the association between dimensional DG and AUD symptoms did,
with a stronger association among men than women (see Table 2). The associations between
DG and AUD presented in Table 2 are based on two different indexes of association — the
correlation coefficient and odds ratio. The odds ratios are presented to connect the findings
of this study to the broader epidemiologic literature. The correlations are presented because
this was the index used in the biometric model fitting.

Although there was an adequate sample size to estimate the phenotypic associations between
DG and AUD using the narrower DSM-IV and DSM-5 definitions of DG, there was not an
adequate sample size to use these definitions in the biometric model fitting. Therefore, the
DSM-IV and DSM-5 definitions of DG were not used in the remaining analyses. However,
the correlations presented in Table 2 establish that, for the most part, the correlations
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obtained for the narrower and broader definitions of DG were similar. In a previous paper,
we demonstrated that the strength of the associations between continuous personality
dimensions and a categorical DG phenotype were comparable whether the cutoff used was
1, 2, 3, 4, or 5 or more symptoms of DSM-IV DG (Slutske et al., 2013), suggesting that
results using the 1+ DG symptom cutoff will probably be similar to results that would have
been obtained using a higher cutoff.

Twin Correlations
Inspection of Table 3 reveals the following: (1) The within-trait MZ twin correlations were
larger than the DZ twin correlations for all of the definitions of DG and AUD (shaded cells),
which implicates genetic influences for all of the phenotypes studied, (2) the within-trait
opposite-sex DZ twin correlation was smaller than the within-trait same-sex DZ twin
correlations for dimensional DG (shaded cells; 0.15 vs. 0.30 and 0.28), which implicates
qualitative sex differences in the genetic contribution to variation, (3) the cross-trait twin
correlations among male and female MZ pairs (cells in bold) were similar, whereas (4) the
cross-trait twin correlations among male DZ pairs were larger than the cross-trait twin
correlations among female and opposite-sex DZ pairs (cells in bold), which raises the
possibility that the causes of the correlation between DG and AUD may differ for men and
women. These observations were rigorously tested in the biometric model fitting.

Biometric Model Fitting
Three different bivariate models were fitted to the twin data to decompose the association
between: (1) dichotomous DG and dichotomous DSM-IV AD, (2) dichotomous DG and
severity-graded DSM-5 AUD, and (3) dimensional DG and dimensional DSM-IV AUD
symptom count. In all three instances, the best-fitting model was one that included additive
genetic and non-shared environmental sources of variation — shared environmental or non-
additive genetic factors did not account for significant portions of variation in liability for
either AUD or DG. The three models fit very well (root mean square error of approximation
≥ 0.03).

In a previous paper (Slutske et al., 2010) we presented the results of fitting univariate twin
models to the broader 1+ symptom categorical definition of DG. Similar results were
obtained here — genetic factors accounted for 50% of the variation in DG risk (95%
confidence interval (CI) = 0.37–0.64) and the remaining 50% was due to unique
environmental factors (95% CI = 0.37–0.63). The results using the dimensional definition of
DG yielded estimates of genetic and unique environmental factors of 56% (95% CI = 0.52–
0.60) and 44% (95% CI = 0.40–0.48), respectively, with identical estimates obtained among
men and women. There was no evidence for qualitative sex differences in the genetic
contribution to categorical DG in either the previous paper (Slutske et al., 2010) or the
present study. However, there was evidence for qualitative sex differences for dimensional
DG in the current study. In the opposite-sex DZ twin pairs, the genetic correlation was
significantly lower (rA(DZOS) = .27 [95% CI = 0.07–0.48]; Δχ2 = 4.71, df = 1, p = .03) than
the correlation of 0.50 that is assumed among same-sex DZ twin pairs in biometric models
(because DZ twins share on average 50% of their segregating genes). This yielded a
correlation between the latent sources of genetic variation for men and women of 0.55 (95%
CI = 0.13–0.96), suggesting that there may be some differences in the specific genes that
contribute to variation in DG in men and women. The estimates of the contributions of
genetic and unique environmental factors to the risk for DSM-IV AD, severity-graded
DSM-5 AUD, and variation in dimensional DSM-IV AUD symptoms are presented in Table
4.

Slutske et al. Page 5

Twin Res Hum Genet. Author manuscript; available in PMC 2014 April 03.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



When comparing the fits of models that allowed the parameter estimates for men and
women to differ to models that constrained the parameter estimates to be equal, there was no
significant difference for categorical models that included DG and DSM-IV AD (Δχ2 = 4.26,
df = 6, p = .64) or DG and severity-graded DSM-5 AUD (Δχ2 = 3.36, df = 6, p = .76), but
there was a significant sex difference for the model that included the dimensional DG and
AUD phenotypes (Δχ2 = 59.44, df = 6, p < .0001). The results for the models in which
parameter estimates were constrained for men and women are presented in Table 4 under
‘Full sample’ heading. Because there were significant differences in the estimates for men
and women for the dimensional DG and AUD phenotypes, the estimates provided separately
for men and women are of most interest (see Table 4 and Figure 1).

The genetic correlation between DG and DSM-IV AD (rG = .44) was substantially larger
than the genetic correlation between DG and DSM-5 AUD (rG = .29) in the full sample
(Table 4). The genetic correlation between dimensional DG and AUD was significantly
larger among men (rG =.41) than women (rG =.29; Δχ2 = 8.72, df = 1, p = .003). The genetic
correlations are an indicator of the strength of the correlation between the genetic liabilities
for DG and AUD. An alternative perspective comes from estimating the proportion of the
observed correlation between DG and AUD that can be explained by overlapping genetic
and environmental influences (see Table 5). Again, the proportion of the overlap between
DG and AUD due to genetic influences was larger for DSM-IV AD (0.59) than for DSM-5
AUD (0.44). The proportion of overlap between dimensional DG and AUD (0.68) was still
larger, with nearly equally high proportions among men (0.69) and women (0.66).

Discussion
In a large community-based twin study, genetic risk factors for DG significantly correlated
with the genetic risk factors for AUD. Overlapping genetic risk factors accounted for more
than half of the association in the risk for DG and AUD. The results of this study are
consistent with a previous study of the association between DG and alcohol dependence in
the all-male VET registry (Slutske et al., 2000). The genetic correlations between DG and
DSM-III-R/DSM-IV alcohol dependence in the previous study and among the men in the
present study were rG = .46 and rG = .45, respectively. The results of these studies converge
on the conclusion that DG and AUD have common genetic underpinnings, at least among
men. Among the women in the present study, the genetic correlation between risk for DG
and DSM-IV alcohol dependence was rG = .39, which did not significantly differ from the
genetic correlation obtained among men for the same categorical diagnoses. This represents
the first demonstration that DG and AUD also have common genetic underpinnings among
women.

Individuals with a lifetime history of DSM-IV pathological gambling disorder were about
eight times more likely to have a history of alcohol dependence. A sex difference in the
association between DSM-IV pathological gambling and alcohol dependence (odds ratios of
8.4 among women and 6.7 among men) was similar to the sex difference observed in the
NESARC study (Petry et al., 2005). Especially puzzling, however, was that the direction of
the sex difference reversed when using the broader DSM-5 diagnoses (odds ratios of 2.6
among women and 4.2 among men) and the dimensional DG and AUD constructs (rs of .26
among women and .37 among men). The association between dimensional DG and AUD
was significantly larger among men than women. This sex difference in the magnitude of the
phenotypic correlation between dimensional DG and AUD translated into a larger genetic
correlation between dimensional DG and AUD in men than women (rG of .29 among
women and .41 among men).
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Two different approaches to creating dimensional diagnoses were utilized — the severity
specifiers proposed for the DSM-5, which resulted in three-level ordinal diagnoses for DG
and AUD, and the use of continuous symptom counts. However, neither the three-level
severity specifiers proposed for the DSM-5 nor the full DSM-IV symptom counts were
usable as dimensional diagnoses for DG. This is because over 97% or 87% of the
participants in this sample would have been assigned a score of zero using the two
approaches. Thus, we had to look beyond the boundaries of the DSM to create a dimensional
DG measure. This was accomplished by using the DG symptoms from the DSM, adding
items from another gambling inventory, supplementing these with measures of versatility
and frequency of gambling involvement, and statistically extracting a common DG factor
from these 34 items (Lind et al., 2012). Although the proposed DSM-5 DG diagnosis with
the severity specifiers may be useful for clinical practice, it falls short in providing a useful
dimensional diagnosis for research purposes.

Although there did not appear to be sex differences in the percentage of variation in DG risk
that was explained by genetic factors (about 50%), examining the contributions to variation
in DG risk using dimensional measures and within a multivariate design (i.e., within the
context of a co-occurring disorder) revealed small differences that were not detected in the
analyses of the categorical diagnoses or the three-level diagnoses using the severity
specifiers. With the dimensional diagnoses, sex differences in the proportion of variation in
AUD due to genetic factors, sex differences in the magnitude of the genetic correlation
between DG and AUD, and differences in the specific genes that contribute to variation in
DG in men and women were observed. The value of using dimensional diagnoses has been
convincingly argued by Kraemer (2007, p. S13) who stated that ‘a report of statistical non-
significance may be partially or wholly due to a lack of power to detect effects due to use of
categorical measures’. By harnessing the power of dimensional diagnoses and multivariate
analysis, intriguing evidence for differences between men and women in the etiology of DG
was uncovered. This increase in power was not at the cost of validity in that the dimensional
diagnoses were very highly correlated with their categorical counterparts. Another paper
based on this same sample also obtained evidence for a potential sex difference in the
etiology of DG in the context of multivariate analyses of DG and dimensions of personality
(Slutske et al., 2013).

A recent genome-wide association study of DG based on data from a subset of participants
in the present study (the largest molecular genetic investigation of DG to date) provides
some clues to the common genetic underpinnings of DG and AUD (Lind et al., 2012). Three
neurobiological pathways (synaptic long-term potentiation, gonadotrophin-releasing
hormone signaling, and gap junction) harboured an excess of genes of small effect that were
previously implicated in alcohol addiction as well as other substance-related addictions (Li
et al., 2008). Synaptic long-term potentiation is the experience-dependent strengthening of
synaptic transmission that is essential for synaptic plasticity which underlies neural
adaptation to substances of abuse and is considered to be important in learning and memory
(Hyman, 2005). This mechanism is thought to occur in the mesolimbic dopamine pathway, a
putative brain reward circuit that may be a common pathway through which many
substances, such as alcohol, and behaviors, such as gambling, have their rewarding effects
and potential for addiction (Grant et al., 2002; Nestler, 2005). There is also emerging
evidence suggesting that the functioning of this brain circuit differs in men and women
(Bolla et al., 2004; Lee et al., 2009; Martin-Soelch et al., 2011; Tranel et al., 2005).

A significant genetic correlation between DG and AUD might arise because DG and AUD
have common genetic underpinnings, but it is equally plausible that genetically influenced
DG constitutes part of the vulnerability to develop AUD, or that genetically influenced AUD
constitutes part of the vulnerability to develop DG. Previous studies that have assessed the
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temporal relation between DG and AUD in individuals with a history of both disorders have
generally found that AUD precedes the development of DG (Cunningham-Williams et al.,
2000; Kessler et al., 2008). Also consistent with alcohol use being a potential cause of DG
are the results of experimental studies demonstrating that subjects will gamble more when
under the influence of a moderate dose of alcohol than when given a placebo (e.g., Kyngdon
& Dickerson, 1999) and correlational surveys demonstrating that individuals who drink
while gambling spend more money (Giacopassi et al., 1998) and are more likely to develop
a gambling disorder (Welte et al., 2004a). In addition, experimental studies have
demonstrated that the influence of alcohol use on gambling behavior is more pronounced
among individuals with a history of DG (Ellery et al., 2005). Conversely, experimental
studies have also shown that individuals assigned to participate in a gambling task are more
likely to drink an alcoholic beverage than individuals assigned to an alternate task (Stewart
et al., 2002). These findings indicate that the genetic correlation between DG and AUD is
likely due to both reciprocal causal effects between drinking and gambling behaviors and
common genetic underpinnings for the two disorders.

Limitations
This study has at least five limitations. First, the diagnosis used for DSM-5 AUD was an
approximation because one of the symptoms (‘craving’) was not included. Examinations of
the impact of the craving criterion on the DSM-5 AUD diagnosis suggest that its omission
would not have made a substantial difference in the prevalence of DSM-5 AUD (Agrawal et
al., 2011) or its meaning (Casey et al., 2012). Second, it was not possible to include the
narrower DSM-IV and DSM-5 definitions of DG in the biometric model-fitting. However,
because individual differences in DG are likely to be quantitative rather than qualitative
(similar to many psychiatric disorders (Helzer et al., 2008)), results based on a broader
definition will likely apply to a narrower definition. Third, the age range of the sample was
relatively narrow (32–43 years). In addition to limiting the generalizability of this study to
other age groups, it also potentially complicates the interpretation of sex differences. The
age of onset of DG appears to be later among women than men, whereas the age of onset of
AD is more comparable. In the US NESARC study, the age of onset of DG was 35 years
among women and 30 years among men (Blanco et al., 2006), and the age of onset of AD
was 24 years for both men and women (Falk et al., 2008). As a result, the strength of the
association between DG and AUD might have been attenuated in women compared to men
because more of them may not yet have progressed through the period of risk for developing
a gambling disorder. Four, the majority of the participants were Caucasians of Northern
European ancestry, so it is not clear the extent to which these results will apply to other
racial groups. Five, it is unclear how the results of this Australian twin study will generalize
to other countries.

Future Directions
This study represents a first step. We chose to focus on the genetic association between DG
and AUD because AUD is one of the more common substance-related addictions, and also
because we were interested in replicating the earlier study of the all-male VET registry and
extending the previous findings to women. Because genetic influences on different
substance-related addictions overlap (Kendler et al., 2012), it is likely that the genetic
overlap observed between DG and AUD would likely extend to other substance use
disorders, such as nicotine, cannabis, and cocaine dependence. This genetic overlap may
also extend to other non-addictive psychiatric disorders, such as antisocial personality
disorder (Slutske et al., 2001). Recent factor analyses of the NESARC diagnostic data
suggested that DG loaded onto a higher order ‘externalizing’ factor, along with alcohol
dependence, drug dependence, and antisocial personality disorder (Oleski et al., 2011).
However, the factor loading of DG onto this externalizing factor was relatively low, and
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among women, DG also appeared to load onto the ‘anxious-misery’ factor (a sub-factor of a
higher order ‘internalizing’ factor). Clearly, more research is needed to accurately
characterize the shared and distinct risk factors for DG and other addictive and non-
addictive disorders, and also how this might differ for men and women.
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FIGURE 1.
Results of biometric twin modeling of the association between dimensional disordered
gambling and alcohol use disorder illustrating the sex differences in the parameter estimates
obtained. 95% confidence intervals (CI) around parameter estimates are in parentheses.
Note: Parameter estimates that significantly differed between men and women are denoted
with dashed boxes. Path coefficients (and upper and lower CIs) can be squared to yield the
proportion of variation in disordered gambling and alcohol use disorder attributable to
genetic and environmental factors. A =additive genetic influences, E =unique environmental
influences, M =men, W =women, DG =disordered gambling, AUD =alcohol use disorder.
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TABLE 4

Results of Bivariate Model-Fitting of Disordered Gambling and Alcohol Use Disorder

Alcohol use disorder phenotype

Proportion of variation
Correlations between factors explaining variation in risk

for disordered gambling and alcohol use disorder

Additive genetic Unique environment Genetic correlations Environmental correlations

Full sample

DSM-IV alcohol dependencea 0.48 (0.35, 0.61) 0.52 (0.39, 0.65) 0.44 (0.33, 0.49) 0.32 (0.13, 0.42)

DSM-5 alcohol use disordera 0.50 (0.42, 0.57) 0.51 (0.43, 0.58) 0.29 (0.16, 0.36) 0.37 (0.28, 0.42)

DSM-IV AUD symptom countb 0.43 (0.38, 0.48) 0.57 (0.52, 0.62) 0.35 (0.32, 0.38) 0.22 (0.17, 0.27)

Men

DSM-IV alcohol dependencea 0.41 (0.22, 0.61) 0.58 (0.39, 0.78) 0.46 (0.31, 0.52) 0.35 (0.08, 0.45)

DSM-5 alcohol use disordera 0.52 (0.40, 0.65) 0.48 (0.37, 0.59) 0.30 (0.08, 0.39) 0.42 (0.32, 0.46)

DSM-IV AUD symptom countb 0.49c (0.41, 0.56) 0.51 (0.44, 0.59) 0.41d (0.38, 0.43) 0.25 (0.17, 0.31)

Women

DSM-IV alcohol dependencea 0.54 (0.36, 0.72) 0.46 (0.28, 0.64) 0.39 (0.16, 0.48) 0.25 (−0.18, 0.40)

DSM-5 alcohol use disordera 0.47 (0.35, 0.58) 0.54 (0.43, 0.65) 0.28 (0.04, 0.37) 0.27 (0.01, 0.37)

DSM-IV AUD symptom countb 0.38c (0.31, 0.44) 0.66 (0.56, 0.69) 0.29d (0.24, 0.34) 0.20 (0.11, 0.26)

Note:

a
Using categorical 1+ symptom phenotype of disordered gambling;

b
using continuous disordered gambling phenotype, 95% confidence intervals are in parentheses.

c
Parameter estimate differed for men and women, Δχ2 = 8.72, df = 1, p = .003.

d
Parameter estimate differed for men and women, Δχ2 = 13.82, df = 1, p = .0002.
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TABLE 5

Estimates of the Proportion of Covariation in Risk for Disordered Gambling and Alcohol Use Disorder
Attributed to Genetic and Environmental Factors

Alcohol use disorder phenotype

Proportion of covariation between disordered gambling and alcohol use disorder

Additive genetic Unique environment

Full sample

DSM-IV alcohol dependencea 0.59 (0.32, 0.87) 0.41 (0.13, 0.69)

DSM-5 alcohol use disordera 0.44 (0.18, 0.69) 0.56 (0.31, 0.82)

DSM-IV AUD symptom countb 0.68 (0.58, 0.78) 0.32 (0.22, 0.42)

Men

DSM-IV alcohol dependencea 0.58 (0.23, 0.92) 0.43 (0.08, 0.77)

DSM-5 alcohol use disordera 0.40 (0.08, 0.71) 0.60 (0.29, 0.92)

DSM-IV AUD symptom countb 0.69 (0.56, 0.82) 0.31 (0.18, 0.44)

Women

DSM-IV alcohol dependencea 0.64 (0.16, 1.0) 0.36 (−0.12, 0.84)

DSM-5 alcohol use disordera 0.52 (0.07, 0.98) 0.48 (0.02, 0.93)

DSM-IV AUD symptom countb 0.66 (0.50, 0.82) 0.34 (0.18, 0.50)

Note:

a
Using categorical 1+ symptom phenotype of disordered gambling;

b
using continuous disordered gambling phenotype, 95% confidence intervals are in parentheses.
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