
Shared Genetic Contributions to Anxiety Disorders and
Pathological Gambling in a Male Population

Justine L. Giddensa, Hong Xian, PhDb,c, Jeffrey F. Scherrer, PhDb,d, Seth A. Eisen, MDc,d,e,
and Marc N. Potenza, MD, PhDa,f

aChild Study Center, Yale University School of Medicine, New Haven, CT, USA
bResearch Service 151-JC, St. Louis VAMC, 915 North Grand Blvd., St. Louis, MO, USA
cDepartment of Internal Medicine, Division of General Medical Sciences, Washington University
School of Medicine, St. Louis, MO, USA
dDepartment of Psychiatry, Washington University School of Medicine, St Louis, MO, USA
eMedical Service, St Louis Veterans Affairs Medical Center, St Louis, MO, USA
fDepartments of Psychiatry and Neurobiology, Yale University School of Medicine, New Haven,
CT, USA

Abstract
Background—Pathological gambling (PG) frequently co-occurs with anxiety disorders.
However, the extent to which the co-occurrence is related to genetic or environmental factors
across PG and anxiety disorders is not known.

Method—Data from the Vietnam Twin Registry (n=7869, male twins) were examined in
bivariate models to estimate genetic and shared and unique environmental contributions to PG and
generalized anxiety disorder (GAD) and PG and panic disorder (PD).

Results—While both genetic and unique environmental factors contributed individually to PG,
GAD, and PD, the best fitting model indicated that the relationship between PG and GAD was
attributable predominantly to shared genetic contributions (ra =0.53). In contrast, substantial
correlations were observed between both the genetic (ra=0.34) and unique environmental (re
=0.31) contributions to PG and PD.

Limitations—Results may be limited to middle aged males.
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Conclusions—The existence of shared genetic contributions between PG and both GAD and
PD suggest that specific genes, perhaps those involved in affect regulation or stress
responsiveness, contribute to PG and anxiety disorders. Overlapping environmental contributions
to the co-occurrence of PG and PD suggest that common life experiences (e.g., early life trauma)
contribute to both PG and PD. Conversely, the data suggest that distinct environmental factors
contribute to PG and GAD (e.g., early onset of gambling in PG). Future studies should examine
the relationship between PG and anxiety disorders amongst other populations (women,
adolescents) to identify specific genetic and environmental influences that account for the
manifestation of these disorders and their co-occurrences.

Keywords
Pathological Gambling; Anxiety Disorder; Generalized Anxiety Disorder; Panic Disorder; Twin
Study; Vietnam Era

Introduction
Pathological gambling (PG) and anxiety disorders (ADs) have considerable health
implications. Whereas PG and ADs each may have unique impacts (e.g., related to
incarceration and service utilization), both PG and ADs associate with suicidality and may
disrupt social and financial domains (Katzelnick et al., 2001; Argo and Black, 2004). Thus,
understanding the contributions to these disorders is clinically relevant.

Both PG and ADs frequently co-occur with each other (Petry et al., 2005). As individuals
with co-occurring disorders typically have more substantial illness, fare more poorly in
treatment, and require different treatments (Potenza, 2007; Grant and Potenza, 2006), a
better understanding of the genetic and environmental factors contributing to PG and ADs is
important. As how best to categorize some ADs (e.g., post-traumatic stress disorder) has
been debated and given the clinical relevance of GAD and PD, we examined GAD and PD
with respect to PG. Within large twin samples (e.g., the Vietnam Era Twin Registry; VET-
R), GAD and PD have each been found to have genetic and environmental contributions,
some of which are shared across disorders (Scherrer et al., 2000; Chantarujikapong et al.,
2001). However, the relative genetic and environmental contributions to the co-occurrence
of PG and ADs have not been systematically examined.

The current study used data from the VET-R to investigate whether PG and ADs frequently
co-occurred and the hypothesis that, while genetic and unique environmental factors will
contribute individually to PG, GAD and PD, the co-occurrences between PG and GAD and
PG and PD will be accounted for predominantly by genetic factors as found for PG and
depression (Potenza et al., 2005).

Method
Participants

Participants were 10,253 male twins comprising the VET-R; 7,869 (76.7%) were
successfully interviewed in 1992 to ascertain DSM-III-R diagnoses. Participants were born
between 1939–1957 and served during the Vietnam era (1965–1975). Questionnaires
regarding physical appearance and supplemental blood typing were collected, identifying
1,874 monozygotic and 1,498 dizygotic twins (Eisen et al., 1987).

The mean (SD) age of respondents was 42.0 (2.8) years. Participants were predominantly
white (93.4%; n=7,349), with individuals acknowledging black (6.2%; n=489) and other
(0.4%; n=30) racial identities constituting the remainder. Most participants obtained more
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than a high-school education (64%, n=4929) and had annual household incomes between
$20,000–$40,000 (49.1%, n=3,657).

Measures
Lifetime DSM-III-R diagnoses for PG, GAD, and PD were determined using the Diagnostic
Interview Schedule (DIS; Robins and Regier, 1991). Lay interviewers obtained verbal
informed consent. This method was approved by the institutional review boards at the
participating institutions, as have been data analyses performed in the current study. Criteria
for PG were only assessed in participants who gambled 25 times or more in the past year. As
previously (Scherrer et al., 2000; Chantarujikapong et al., 2001), D criteria for GAD and C
criteria for PD were used. Meeting criteria for GAD involved acknowledging a period of at
least one month of worry and the presence of six or more symptoms of GAD during a period
of worry. Meeting criteria for PD involved acknowledging a panic attack and four or more
symptoms during the panic attack, regardless of whether the attack was associated with
phobia.

Hypothesis Testing
Odds ratios (ORs) for GAD in subjects with PG examined the hypothesis that lifetime PG
and GAD frequently co-occurred, with a similar approach investigating PG and PD. As
twin-pair data violate assumptions of independence, SURVEYLOGISTIC procedure in SAS
v9.2 was used which adjusts for error variance of non-independent observations. Both
unadjusted and adjusted ORs were examined by logistic regression adjusting for
sociodemographic variables (education, age, and income), non-PG and non-GAD
psychiatric disorders or non-PD psychiatric disorders, respectively, in a step-wise fashion,
controlling first for influences of externalizing disorders (alcohol dependence, nicotine
dependence, drug dependence, and antisocial personality disorder).

Tetrachoric correlations examined the hypotheses that diagnoses of PG and GAD, and PG
and PD, correlate more strongly within monozygotic twins than in dizygotic twins. Bivariate
models fitting the associations between PG and GAD and PG and PD investigated
hypotheses regarding genetic and environmental contributions to the co-occurrences of PG
and ADs (Slutske et al., 2000). The relationship was deconstructed into three factors:
additive genetic (A), shared environmental (C) and unique environmental, including
influences of measurement error (E). Using MX software (Neale and Cardon, 1992; Virginia
Commonwealth University, Richmond, VA), models of maximum likelihood were fitted.
Series of nested models were tested for their goodness of fit against a saturated model that
placed no constraints on the elements of the estimated monozygotic and dizygotic twin
correlation matrices. The most parsimonious model was selected as best-fitting. Ninety-five-
percent confidence-intervals (95% CIs) around the parameter estimates for this model were
examined to evaluate whether genetic, shared environment or unique environmental
contributions to PG and GAD, and PG and PD, differed significantly from 0 to 1.

Results
Lifetime criteria for PG, GAD and PD were met by 112 (1.4%), 966 (12.3%) and 473
(6.0%) of participants, respectively. In unadjusted models, PG frequently co-occurred with
both GAD and PD. After adjusting for sociodemographic and externalizing variables, ORs
for GAD and PD remained elevated at 1.91 (95% CI:1.16–3.14) and 2.46 (95% CI:1.42–
4.26), respectively. After also adjusting for internalizing factors, the relationship with GAD
was no longer significant (OR=1.43; 95% CI:0.84–2.42; Table 1A). If major depression was
removed from the model, ORs between PG and GAD (1.72; 95% CI:1.01–2.93) and PG and
PD (2.20; 95% CI:1.21–4.02) remained significantly elevated. The OR between PG and PD
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remained elevated (2.02; 95% CI:1.09–3.73) when controlling for all sociodemographic and
psychiatric variables.

In the tetrachoric correlations between PG and GAD, and PG and PD, in monozygotic and
dizygotic twins (Table 1B, C), within-diagnosis concordance was higher in monozygotic
twins than in dizygotic twins, particularly for GAD. The within-twin cross diagnosis
correlations were comparable for monozygotic and dizygotic twins in both PG and GAD and
PG and PD (Table 1B, C). The cross-diagnosis correlations appeared more strong in
monozygotic twins for PG and PD (such correlation was unstable for PG and GAD due to a
small sample (n=1) in one cell). Together, these findings suggest a genetic relationship
contributing to the co-occurrences of PG and PD and PG and GAD.

For PG, GAD, and PD individually, parameter estimates suggest significant genetic and
unique environmental contributions (Figure 1A, B). For the relationship between PG and
GAD, the best-fitting bivariate model (Table 1D) had correlations for both shared and
unique environmental factors set to 0 (rC=0, rE=0) and estimated correlations for the additive
genetic factors (rA) at 0.53 (95% CI:0.42–0.73). The best-fitting bivariate model for the
relationship between PG and PD had the shared environmental factor set to 0 (Table 1E) and
demonstrated significant correlations in the unique environmental (rE=0.31; 95% CI:0.29–
0.62) and additive genetic (rA=0.34; 95% CI:0.05–0.63) domains.

When comparing the additive genetic component in PG and GAD, the genetic component
accounted for 65% (95% CI, 45–80%) of the variance observed in PG and 38% (95% CI,
28%–47%) of that for GAD. Of the 65% genetic variance contributing to PG, approximately
one-third (18%; 95% CI, 8%–43%) was shared with GAD and two-thirds (47%; 95% CI,
21% – 66%) was not. Of the 38% genetic variance contributing to GAD, approximately one
third (11%; 95% CI, 5%–25%) was shared with PG and about two thirds (27%; 95% CI,
13%–39%) was not. The overlap between PG and GAD was accounted for by additive
genetic factors.

When comparing PG and PD, of the 64% genetic variance observed in PG, 7% (95% CI,
0.1–31%) was shared with PD. Of the 43% genetic variance contribution to PD, 5% (95%
CI, 0.1–22%) was shared with PG. In PG and PD, the unique environmental component
accounted for 36% (95% CI, 21–57%) of the variance in PG and 57% (95% CI, 45–57%) of
that observed in PD. Of the 36% of the unique environmental component contributing to
PG, 3% (95% CI, 2–22%) was shared with PD. Of the 57% of the unique environmental
component contributing to PD, 5% (95% CI, 4–22%) was shared.

Discussion
The hypothesis that both ADs would co-occur frequently with PG was largely confirmed,
particularly in unadjusted models. Whereas ORs between PG and PD remained elevated
following adjustments, those between PG and GAD remained significant when accounting
for sociodemographic and externalizing psychiatric variables, but not after adjusting for
internalizing psychiatric variables. When removing major depression from the model, the
OR between PG and GAD remained elevated, suggesting that some of the variance between
PG and GAD is attributable to depression, consistent with the notion of internalizing
disorders (Krueger, 1999).

The results from the tetrachoric correlations and bivariate models for PG and GAD are
consistent with the hypothesis that the relationship between PG and GAD is substantially
genetic in nature, suggesting that different unique environmental influences contribute to PG
and GAD. In contrast, the relationship between PG and PD appeared accounted for by both
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shared genetic and unique environmental influences. These findings suggest different
etiologies to the co-occurrences between PG and GAD and PG and PD, respectively.

The current study has multiple clinical implications. First, in preliminary studies, candidate
genetic allelic variants (e.g., MAO-A and 5-HTTLPR) have been individually associated
with PG and GAD (Perez de Castro et al., 1999; Ibáñez et al., 2000; Perez de Castro et al.,
2002; Tadic et al., 2003; You et al., 2005), whereas allelic variants of DAT1 and TPH have
been associated individually with PG and PD (Comings et al., 2001; Mossner et al., 2006;
Bae et al., 2007; Yoon et al., 2008). The extent to which these and other candidate genes
might contribute to the co-occurrence of PG and ADs should be investigated. Second, the
genetic overlaps between PG and GAD and between PG and PD suggest that biological
mechanisms implicated in PG may also underlie ADs. For example, genetic and biological
factors contributing to reward processing, impulsivity, decision-making, neuroticism, and
stress responsiveness that have been implicated in PG may hold relevance for ADs
(Mackintosh et al., 2006; Potenza et al., 2003; Brewer and Potenza, 2008). Third, future
research should attempt to define the specific environmental contributions contributing to
the co-occurrence of PG and PD. By understanding better such environmental factors that
have been implicated in PG and PD (for e.g., childhood trauma), more targeted interventions
can be implemented (Leskin and Sheikh, 2002; Petry, 2005; Scherrer et al., 2007; Sareen et
al., 2007). Fourth, as treatments for PG have not been as extensively studied as treatments
for ADs, it may be beneficial to investigate the efficacy and tolerability of pharmacological
and behavioral treatments for ADs in individuals with PG and co-occurring ADs (Grant and
Potenza, 2006). Fifth, the findings of shared genetic contributions to PG and ADs raises
questions regarding how best to categorize PG. In DSM-IV-TR, PG is classified as an
impulse control disorder and being considered as an addiction in DSM-V (Potenza, 2006;
Potenza, 2008; Holden, 2010). Future studies are warranted to examine how PG best fits into
the structure of psychiatric disorders.

Limitations and Strengths
Study limitations include the potential applicability of findings to the general population. As
this study used data from the VET-R consisting of male twin pairs who were largely well-
educated, served in the army, middle-aged, and predominantly white, the results may not
extend to women or populations that are educationally and ethnically diverse. Data analyzed
were collected close to twenty years earlier (when different diagnostic criteria were
employed and different environments (e.g., with respect to availability of legalized
gambling) existed). Additional studies using more recent information are important to
examine the extent to which the findings extend to the present time. Strengths of the study
include the use of a large, well-characterized sample of twins with formal diagnostic
information.

Conclusions
The significant genetic overlap observed between PG and GAD and PG and PD indicates
the need for future investigations that identify specific genetic factors that may contribute to
this relationship. Further, the identification of shared environmental contributions to PG and
PD indicates the need to identify specific environmental factors (e.g., early life trauma) that
have been implicated in each disorder. Such information could aid in advancing prevention
and treatment strategies for PG and ADs.
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Figure 1.
Figure 1A. BIVARIATE MODEL: PG and GAD
*Parameters are statistically significant (the 95% CI does not include 0 or 1).
A schematic diagram for the bivariate biometric model examining the relationship between
pathological gambling (PG) and generalized anxiety disorder (GAD). Factors including PG
and GAD include additive genetic factors (A), shared environment (C), and unique
environment plus error (E). Correlations between these factors across disorders are
represented as rA, rC, and rE respectively. The contributions of each of these factors to PG
(aPG, CPG, ePG) and GAD (aGAD, cGAD, eGAD) are also indicated. CI indicates confidence
interval and lowercase a, c, and e refer to path loading for factors A, C, and E respectively.
Figure 1B. BIVARIATE MODEL: PG and PD
*Parameters are statistically significant (the 95% CI does not include 0 or 1).
A schematic diagram for the bivariate biometric model examining the relationship between
pathological gambling (PG) and panic disorder (PD). Factors including PG and PD include
additive genetic factors (A), shared environment (C), and unique environment plus error (E).
Correlations between these factors across disorders are represented as rA, rC, and rE
respectively. The contributions of each of these factors to PG (aPG, Cpg, ePG) and PD (aPD,
cPD, ePD) are also indicated. CI indicates confidence interval and lowercase a, c, and e refer
to path loading for factors A, C, and E respectively.
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Table 1A

Logistic Regression Model Examining the Relationships Between Pathological Gambling and Generalized
Anxiety Disorder and Panic Disorder

Variable Odds Ratio (95% CI)

Age, yrs 1.05 (0.97 – 1.15)

Income 0.76 (0.49 – 1.19)

High school education 0.82 (0.36 – 1.86)

College 0.63 (0.28 – 1.43)

Alcohol dependence 2.57 (1.46 – 4.53)

Nicotine dependence 1.12 (0.68 – 1.86)

Drug dependence 1.82 (1.03 – 3.20)

Antisocial personality 2.59 (1.19 – 5.64)

Major depression 1.88 (1.10 – 3.22)

Posttraumatic stress disorder 0.71 (0.38 – 1.32)

Generalized anxiety disorder 1.43 (0.84 – 2.42)

Panic disorder 2.02 (1.09 – 3.73)

Abbreviations: CI = confidence interval

*
The standard errors are adjusted for clustering on case.
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Table 1B

Tetrachoric Correlations Between Pathological Gambling and Generalized Anxiety Disorder in Monozygotic
and Dizygotic Twins

Zygosity

Within-Diagnosis Tetrachoric Correlations (SE) Cross-Diagnosis Tetrachoric Correlations Between PG and GAD
(SE)

PG GAD Within-twin Cross-twin

Monozygotic 0.62 (0.10); (n=6) 0.39 (0.05); (n=64) 0.21 (0.10); (n=15) 0.24 (0.10); (n=15)

Dizygotic 0.40 (0.16); (n=2) 0.13 (0.06); (n=33) 0.32 (0.10); (n=19) unstable*; (n=5)

N’s in table 1B indicate the number of twins meeting each indicated criterion. In cases where two tetrachoric correlations were derived and
contributed to the tabulated values (e.g., for cross-twin, cross-diagnosis values where twin A with GAD and twin B with PG and twin A with PG
and twin B with GAD), the tabulated correlations and SEs represent average values and n’s indicate total numbers of subjects.

*
There exists an unstable relationship due to a small sample (n=1 in one cell), yielding an estimated average value of −0.04(0.15).
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Table 1C

Tetrachoric Correlations Between Pathological Gambling and Panic Disorder in Monozygotic and Dizygotic
Twins

Zygosity

Within-Diagnosis Tetrachoric Correlations (SE) Cross-Diagnosis Tetrachoric Correlations Between PG and PD (SE)

PG PD Within-twin Cross-twin

Monozygotic 0.62 (0.10); (n=6) 0.47(0.06); (n=27) 0.29 (0.11); (n=12) 0.18 (0.13); (n=7)

Dizygotic 0.40 (0.16); (n=2) 0.05 (0.10); (n=6) 0.33 (0.11); (n=12) 0.06 (0.15); (n=2)*

N’s in table 1C indicate the number of twins meeting each indicated criterion. In cases where two tetrachoric correlations were derived and
contributed to the tabulated values, the tabulated correlations and SEs represent average values and n’s indicate total numbers of subjects.

*
This estimate was derived from one correlation as the cell for cases in one of the two contributing correlations was empty (n=0).
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