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Overview of talk

• definitions of terms

• evidence for genetic variation in susceptibility

• parsing the genetic variation in susceptibility
– psychopathologypsychopathology

– gambling involvement

– personality

• searching for specific susceptibility genes
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3

4

en
ts

There are more sub-clinical (4.6%) 
than clinical (0.4%) cases of disordered gambling

n=2,001

0

1

2

0 1 2 3 4 5 6 7 8 9 10

Number of pathological gambling symptoms

%
 o

f 
re

sp
on

d

PG n=185 tx n=22

Continuum of pathology

liability for disordered gambling

fewer risk factors          more risk factors

fewer consequences      more consequences

susceptibility + availability = disordered gambling? 
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 national sample of male and female pairs from the Australian Twin Registry 
 4,764 individuals completed a structured diagnostic interview in 2004-2007

Australian Twin Gambling Study

4,764 individuals completed a structured diagnostic interview in 2004 2007
 4,355 (91%) completed a self-report personality questionnaire
 1,312 (28%) provided blood/DNA sample

• twins were 33-43 years old at the time of the interview

• lifetime prevalence of DSM-IV PG = 2.2% (3.4%/1.2%)

• past-year prevalence of DSM-IV PG = 0.59% (0.98%/0.29%)

• lifetime prevalence of disordered gambling = 12.5% (18.2%/8.3%)

monozygotic twins dizygotic twins

compare

the twin study

100% shared genes
shared family environment

50% shared genes
shared family environment

compare
similarity

Sources of trait variation 
that can be estimated from twin data

• (A) additive genetic influences: cumulative effect of genetic risk factors

• (C) shared family environment: environmental factors that twins share 
equally, such as childhood social class and religion, neighborhoods, 
characteristics of parentscharacteristics of parents

• (E) nonshared (individual-specific) environment: environmental factors that 
are unique to a twin, such as the influence of different peers, spouses, 
traumatic events

Genetic and environmental influences 
and disordered gambling risk 

rretest rMZ rDZ A C E

United States Men .70 .50 .20 49 0 51

Australia Men .94 .49 .21 49 0 51

Australia Women .94 .55 .21 52 0 48

From: Slutske et al., 2001; Slutske et al., 2010

summary of genetic and environmental 
influences on disordered gambling

AE AE

?availability?

parsing the genetic susceptibility for 
disordered gambling

• multivariate twin studies

• molecular genetic studies

50%50% ?
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Parsing the genetic variation 
in disordered gambling risk 

E A

common with 
alcohol dependenceFrom: Slutske et al., 2000

Parsing the genetic variation 
in disordered gambling risk 

E A

common with ASB

common with 
AD and ASB

From: Slutske et al., 2001

Parsing the genetic variation 
in disordered gambling risk 

E A common with
major depression

non‐AD

AD

E

Data from Potenza et al., 2005

disordered gambling susceptibility 

• individual differences in gambling involvement

• individual differences in personality

disordered gambling susceptibility 

• individual differences in gambling involvement
– ever gambled/gambling abstinence

– participation in specific gambling activities

– participation in types of gambling activities

– versatility of gambling

– frequency of gambling (time spent)

– quantity of gambling ($ spent)

– age of initiation of gambling

stages in the gambling career

regular 
gambling

frequent 
gambling

occasional

disordered 
gambling

initiation

occasional 
gambling

A1 A2 A3 A4 A5C1 E1
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lifetime initiation of gambling involvement

rretest rMZ rDZ A C E

any gambling initiation 1.00 .79 .49 55 21 24

specific activity (four most common in Australia)

lottery 0.87 .59 .28 58 9 42

pokies/slot machines 0.99 .54 .29 50 4 46

horse or dog races 0.94 .54 .32 41 11 48

casino table games 0.94 .60 .30 54 3 43

From: Slutske et al., 2009

disordered gambling susceptibility 

• individual differences in gambling involvement
– ever gambled/gambling abstinence

– participation in specific gambling activities

– participation in types of gambling activities

– versatility of gambling

– frequency of gambling (time spent)

– quantity of gambling ($ spent)

– age of initiation of gambling

latent classes of gambling involvement
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From: Savage et al., in preparation
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Twin concordance for gambling class assignment

Kappa = 0.26 Kappa = 0.09

From: Savage et al., in preparation
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Slutske et al., in preparation

rretest rMZ rDZ A C E

Full sample .77 .34 .22 23 11 66

M 74 27 11 30 0 70

Genetic and environmental influences 
and age of gambling initiation 

Men .74 .27 .11 30 0 70

Women .79 .36 .27 11 25 64

From: Honn et al., in preparation
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Next steps

• Develop and test models that better capture the 
stage-sequential unfolding of the genetic 
susceptibility for disordered gambling

• Wish list: Prospective longitudinal twin studiesWish list: Prospective longitudinal twin studies 
of gambling?

disordered gambling susceptibility 

• individual differences in gambling involvement

• individual differences in personality
– Big Three dimensions of personality:

• Positive Emotionality

• Negative Emotionality

• Constraint

• and their lower-order components 

Positive Emotionality

Individuals high in PE have a lower threshold for the experience of positive 
emotions and for positive engagement in their social and work environments, 
and tend to view life as being essentially a pleasurable experience.

Positive Emotionality

• Primary scales:

Individuals high in PE have a lower threshold for the experience of positive 
emotions and for positive engagement in their social and work environments, 
and tend to view life as being essentially a pleasurable experience.

– Well-being

– Social Potency

– Social Closeness

– Achievement

extraversion

Negative Emotionality

Individuals high in NE have a low general threshold for the experience of 
negative emotions such as anxiety and anger, and tend to break down under 
stress. 

Negative Emotionality

• Primary scales:

Individuals high in NE have a low general threshold for the experience of 
negative emotions such as anxiety and anger, and tend to break down under 
stress. 

• Primary scales:
– Stress Reaction

– Alienation

– Aggression

neuroticism
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Constraint

Individuals high on the dimension of Constraint tend to endorse conventional 
social norms, avoid thrills, and act in a cautious and restrained manner. 

Constraint

P i l

Individuals high on the dimension of Constraint tend to endorse conventional 
social norms, avoid thrills, and act in a cautious and restrained manner. 

• Primary scales:
– Self Control

– Harm Avoidance

– Traditionalism

low impulsivity

low risk-taking

Dunedin Multidisciplinary Health 
and Development Study

longitudinal study of a complete birth cohort 
born in Dunedin, New Zealand 
between April, 1972 and March, 1973
N=1,037 

323 5 7 9 11 13 15 18 21 26

birth age

0

,
96% study retention at age 32

Predicting disordered gambling at age 21 
from age 18 personality

photo 
removed

photo 
removed

5 7 9 11 13 15 26birth

2118
3 32

MPQ profiles at age 18 and 
disordered gambling at age 21 

MPQ Scale MPQ Superfactor

From: Slutske et al., 2005

Personality predictors of disordered gambling

• High negative emotionality
– including stress reaction, alienation and aggression

• Low behavioral control
– including low self control and harm avoidance

• These are similar to the predictors of other 
(substance-related) addictive disorders
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Which came first, the 
chicken or the egg?

Predicting disordered gambling 
in adulthood from age 3 temperament

photo 
removed

photo 
removed

photo 
removed

5 7 9 11 13 15 18 26birth

3 21 32

Age 3 temperament

Behavioral observations of temperament

undercontrolled
• restless
• short attention span
• willful

inhibited
• fearful
• shy
• flat affect

photo 
removed

325 7 9 11 13 15 18 21 26birth

willful
• impulsive
• emotionally labile
• impersistent
• negativism
• withdraws from tasks

flat affect
• self-critical
• negativism
• requires attention
• withdraws from tasks
• impersistent

3

Age 3 temperament and adult disordered gambling

From: Slutske et al., in press

unadjusted adjusted

Age 21 and 32 composite 2.64 2.47

Age 21 2.22 2.19

Age 3 under-control and adult disordered gambling

g

Age 32 3.52 3.17

From: Slutske et al., in press

(Cell entries are odds ratios)

So, which came first…?

XXRuled out

Still possible

disordered 
gambling

personality

disordered 
gambling

personality

But what about…?

g g

personality

disordered 
gambling
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multivariate twin studies

personality personality

Daniel Sedin Henrik Sedin

disordered
gambling

disordered
gambling

univariate (within-trait) twin correlations

multivariate twin studies

personality personality

Daniel Sedin Henrik Sedin

disordered
gambling

disordered
gambling

within-twin (cross-trait) correlations

multivariate twin studies

personality personality

Daniel Sedin Henrik Sedin

disordered
gambling

disordered
gambling

cross-twin (cross-trait) correlations
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Cross-sectional personality correlates of 
disordered gambling among adult twins

MPQ lower-order 
personality dimensions

MPQ higher-order
personality dimensions
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Slutske et al., under review
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Personality and disordered gambling: 
new findings in women 

E A

CON

NE
PE

Slutske et al., under review

E A

Personality and disordered gambling: 
new findings in men 

CON

NEPE

Slutske et al., under review

summary of genetic and environmental 
influences on disordered gambling

AE

there have not yet been
any replicated findings
about specific genes

AE

availability?
Overlaps with alcohol dependence, 
antisocial behavior disorders, major 
depression, and personality

Next steps

• Determine the extent to which individual 
differences in personality can explain the 
genetic overlap between disordered gambling 
and other psychiatric disorders

• Confirm genetic associations with personality

parsing the genetic susceptibility for 
disordered gambling

• multivariate twin studies

• molecular genetic studies

“Genome-wide scans might be more 
powerful if gene hunters deliberately 
recruit samples selected for known 
exposure to environmental risks for the 
disorder they wish to study.”disorder they wish to study.

From Moffitt, 2005
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Cross-national comparison of gaming machines

Canada 80 26 186

Expenditure on 
gaming machines 

per adult 
($AU) 

Gaming machines 
per 10,000 adults

Maximum average 
loss per hour 

($AU) 

United Kingdom 90 59 130

United States 150 29 705

New Zealand 160 62 156

Australia 420 133 720

From: How Australia Compares, 2004

the human genome

~25,000 genes arranged on 23 chromosomes

approaches to gene identification 

• candidate gene association studies
– based on a single, or a handful of polymorphisms
– hypothesis-driven
– only a handful of previous studies of disordered 

bli ( )gambling (see review by Lobo & Kennedy, 2009)

• genome-wide association studies
– covers the entire genome with ~ 1-2 million 

polymorphisms (SNPs)
– exploratory/atheorical
– only one genome-wide study (Lind et al., in press) 

genome-wide association study of a 
quantitative disordered gambling trait

Item (top 5 shown)
Factor
loading

Gambling versatility (0-11) 1.154

SOGS #6 (felt had a problem) 1 079SOGS #6 (felt had a problem) 1.079

DSM #10 (relied on others for money) 1.069

DSM #3 (unsuccessful efforts to control) 1.060

DSM #4 (restless/irritable when attempting to control) 1.056

…plus 26 other diagnostic and 3 gambling frequency items…plus 26 other diagnostic and 3 gambling frequency items

From Lind et al., in press

Manhattan plot of GWAS SNP results

ATXN1
VLDLR MT1X closest genesFZD10

From Lind et al., in press

gene associations

• only suggestive evidence for several novel gene 
associations

• 80% power to detect genes accounting for > 3% 
of the variation in the disordered gambling traitg g

• genetic susceptibility to disordered gambling is 
likely due to common variants of small effect

• found associations with sets of candidate genes  
or those involved in known biological pathways
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Conclusions

• susceptibility to disordered gambling has genetic 
underpinnings in both men and women

• may be attributable in part to genetic 
contributions to individual differences in 
gambling involvement

• may be attributable in part to genetic 
contributions to individual differences in normal-
range personality traits or childhood 
temperament

Conclusions, continued

• the search for specific susceptibility genes is still 
in its infancy

• genetic susceptibility to disordered gambling is 
likely due to many common variants, each of 
small effect

• future work will require larger sample sizes, 
cross-institutional collaborations, and replication 
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