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1. Abstract  
 
Pathological gambling (PG) represents an important health concern. There is a great need to gain 
further insight into its causes in order to develop prevention programs and more effective and 
specific forms of treatment for susceptible individuals. A growing body of evidence is 
demonstrating that the susceptibility to PG has a relatively large genetic component. When 
exposed to the same environmental gambling opportunities, only some individuals will develop 
symptoms of gambling. This supports the presence of a biological susceptibility in developing the 
disorder in combination with environmental components. Family and twin studies have shown 
that PG has a relatively large genetic component. Similar to other common psychiatric 
conditions, PG is considered a complex disorder since the genetic component is determined by a 
number of genes, each contributing a portion to the disease that can interact together and with 
environmental factors. The candidate genes method is the most efficacious approach to detect 
genes with small contributions to the disorder. Candidate genes are chosen among brain systems 
that are thought to be relevant to the etiology of the disorder. Converging lines of evidence have 
suggested that the monoamine systems and in particular the dopaminergic pathway are implicated 
in the etiology of the disorder. We have collected DNAs from 144 subjects who gamble from a 
previous OPGRC funded project. These people ranged from non-problem social gambler 
(controls) to pathological gamblers. They have completed a thorough assessment and a number of 
questionnaires and tests including: the South Oaks Gambling Screen (SOGS), the Random 
Events Knowledge Test, the Gambling Cognition Questionnaire (GCQ), the Temperament and 
Character Inventory, the Stop signal Paradigm Test and The Wender Utah Rating Scale. We have 
genotyped these subjects for three dopamine genes (DRD4, DAT and COMT) and compared the 
phenotype scores with specific genotype groups. No significant differences were observed 
between each genotype group and the quantitative phenotypic measures. The small effect of the 
polymorphisms investigated and the relatively low power of our sample to detect such effects 
may have been the reason for the lack of association. The possibility of comparing the genotype 
and allele frequencies with the normal population will dramatically increase the statistical power. 
Our previous OPGRC funded project did not include the collection of non/infrequent gambling 
subjects due to budget limitations. With this project we are willing to collect DNAs from subjects 
from the general population to match as healthy controls (defined as healthy infrequent and non-
gamblers) to our sample of PG subjects. We will recruit the subjects through advertisements, and 
a research assistant will assess them to exclude the presence of other psychiatric conditions using 
the Structured Clinical Interview for DSM-IV criteria. The SOGS and the Canadian Problem 
Gambling Index (CPGI) will be used to evaluate the presence of gambling problems and the 
Wender Utah Rating Scale (WURS) will be used to evaluate the presence of ADHD symptoms. 
CPGI scores in the subjects already collected will be obtained from the SOGS and the self-report 
version of the DSM-IV for problem gambling. We will genotype a selection of dopamine and 
serotonin genes for functional polymorphisms to perform valuable analyses. 
  
Key Words: pathological gambling, candidate gene studies, risk factors, dopamine, serotonin 
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2. Executive Summary 
 
In this research project, we investigated the presence of genetic factors that can increase 

susceptibility of suffering from Pathological Gambling (PG). In addition, we wanted to explore 
the development of an integrated model of the genetic, emotional and psychological risk factors 
involved in problem gambling. The identification of genetic factors will help to elucidate the 
biological mechanisms underlying PG as well as help in the development of more specific 
treatments. In addition, the results of this project will assist in identifying subjects at risk for 
developing PG. Moreover, we are using the data from this study in combination with our dataset 
of Attention deficit Hyperactivity Disorder (ADHD) patients to gain insight into the overlap of 
genetic risk factors in PG and ADHD. The study also included a number of psychological 
measures and self report measures of life experiences to help us understand both genetic and 
psychological factors in the disorder. 

This study, “Identification of genetic risk factors for pathological gambling”, is the 
second part of a continuing effort by the research team to uncover the causes of problem 
gambling. The first part, “Special populations in gambling: Attention Deficit Hyperactivity 
Disorder (ADHD) and pathways to problem gambling” (funded from March 1, 2001-March 1, 
2002), focused on the assessing the relative importance of emotional, experiential/behavioral and 
physiological (genetic) aspects of the disorder. The study collected information on problem 
gamblers as well as a control sample of non-problem but active social gamblers. The current 
project collected data from a control sample of infrequent or non-gamblers to act as a comparison 
to the problem and non-problem social gamblers. The third part, “Candidate Genes in Problem 
Gambling” (Spring 2004-Winter 2007) is currently underway. 
 
3. Introduction 
 
3.1 Background: Investigating Candidate Genes in the Monoaminergic Systems  
 
          Our grant proposal included an extensive review of the literature which showed that the 
monoaminergic systems, and in particular the dopaminergic and serotonergic pathways, represent 
the principal biological components involved in the etiology of Pathological Gambling (PG). The 
laboratory technician that has been hired with OPGRC funds from the previous grant has 
continued to genotype the DNAs collected in our laboratory for the dopamine and serotonin 
candidate genes. In the sample collected to date we have genotyped a number of our high priority 
candidate genes: dopamine receptors DRD1, DRD2, DRD5 and DRD4, dopamine transporter 
(DAT), tyrosine hydroxylase (TH), catechol-O-methyltransferase (COMT), monoamine oxidase 
A (MAO-A), and two markers at the serotonin transporter (5HTT). 
 
3.2 Participants 
 

3.2.1 Gambling Subjects: 
 

Subjects were recruited through advertisements posted in local newspapers. Participants 
had to be18 years of age or older and currently gambling at least once per month, or in the case of 
lottery players, at least once per week (ranged from non-problematic social gambling to PG). 
Recovered gamblers were excluded from the sample since the recovery process may have altered 
their beliefs, behaviours and attitudes. 
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3.2.2 Non-gambling healthy controls: 
 

Subjects were also recruited through advertisements posted in local newspapers. 
Participants had to be 18 years of age or older, healthy, not using street drugs, and have no 
history of mental illness (including: mood disorder; seizure disorder; alcohol or substance abuse; 
panic or anxiety disorder; schizophrenia, or other psychiatric conditions involving psychiatric 
care/treatment). Furthermore, subjects were excluded if they had any current or past gambling 
problems. 

Our final sample of gambling subjects consisted of 158 participants: 144 valid cases (55 
non-problem, 33 borderline problem, 54 problem, status of 2 could not be determined). The data 
from 14 people was later disqualified for validity reasons but they were still paid for their 
participation. The final sample of controls consisted of 150 participants made up of infrequent or 
non-gamblers. The distribution of gender and age is reviewed in Table 1 (see APPENDIX 1). 
 
3.2.3 Ethics Review 
 

All research conducted at the Centre for Addiction and Mental Health must be put 
through an ethical review process. The review examined the scientific merit of the study as well 
as the treatment of the participants, protection of confidentiality, informed consent, and other 
issues. The study must have this ethics approval before it is allowed to commence. The 
participants were asked to read and sign an informed consent form that explained the purpose of 
the study and outlined their rights. Care was taken to ensure the confidentiality of all information. 
Raw data is currently stored in a locked filing cabinet. Test forms do not use the names of any 
participant, and we will not use the identification of any individual in any report. 
 
4. Research Project 
 
4.1 Literature Review 
 

Gambling is the act of betting something of value (usually money) on an uncertain 
outcome in the hope of a winning. It has been estimated that 86% of the adult population has 
gambled at least once in their lives (Center 1999). Most people that gamble do not develop a 
gambling problem, although a fraction of these individuals will gradually escalate to larger bets 
and greater risks. Problem gambling is defined as gambling activity that determines a significant 
disruption of social, work and financial activity of the individual without meeting the DSM-IV 
criteria for pathological gambling (Shaffer et al. 1999). DSM-IV (American et al. 2000) defines 
Pathological gambling (PG) as a more severe and disturbed, persistent and recurrent maladaptive 
gambling behaviour that consequently disrupts personal, family or vocational pursuits. A meta-
analysis of 119 PG prevalence studies conducted in the United States and Canada (Shaffer et al. 
1999) shows that the lifetime prevalence of PG is 1.6% and 3.8% for problem gambling. It has 
been shown that as access to gambling becomes easier, more individuals become vulnerable to 
the impacts of gambling (Korn 2000). However, only a fraction of the subjects with access to 
gambling will develop PG. The social impacts of PG and problem gambling have negative 
influences on families in terms of dysfunctional relationships, violence and abuse, financial 
pressure, and disruption of psychological growth and development of children (Korn 2000). 
Furthermore, PG frequently co-occurs with substance abuse and dependence, affective disorders, 
and Attention Deficit Hyperactivity Disorder (ADHD). Therefore, PG represents an important 
health concern, and there is a great need to gain further insight into the causes of PG in order to 
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develop prevention and more effective and specific forms of treatment for susceptible 
individuals.  
 
Etiology 
 

Both psychological and biological hypotheses on the etiology of PG have been posited. 
Learning theory suggests that winning is a positive reinforcer, whereas cognitive theories focus 
on the cognitive distortions found in gamblers. PG subjects believe in a cause-effect relationship 
between their actions and the outcome of the gambling activity, denying that most gambling is 
determined by chance alone. Several lines of evidence have led to classify PG as a ‘Behavioural 
Addiction’ (Holden 2001) together with binge eating, and compulsive shopping. PG subjects 
resemble many behavioural and neurobiological aspects of substance abusers. The craving 
experienced by subjects with PG is indistinguishable from the craving experienced by drug 
abusers. Similarly, PG subjects exhibit tolerance to gambling by the typical need for increased 
level of betting. Moreover, people with PG show emotional highs when winning and withdrawal 
symptoms when not gambling that resemble the highs and withdrawal experienced by drug 
addicts. Subjects with PG, like individuals with substance dependence, often fail in attempts to 
control their destructive behaviour (Holden 2001). Studies have also shown a high comorbidity 
rate between PG and substance use disorders including nicotine dependence, alcohol abuse, and 
other drug use problems (Potenza MN 2002).  

Further views have regarded PG as an impulse control disorder and several studies in 
recent years have found commonalities between its severest forms and ADHD. Specker et al. 
(Specker et al. 1995) examined the occurrence of impulse control disorders and ADHD in 40 
pathological gamblers and found significant correlations with compulsive buying and compulsive 
sexual behaviour. Symptoms of ADHD were observed in 20% of the patients with PG (Specker 
et al. 1995). Other research supporting a possible association between PG and ADHD is based on 
subtle electroencephalogram (EEG) deficits found in pathological gamblers including deficits in 
task-appropriate hemispheric differentiation which seems to parallel those found in children with 
ADHD (Carlton et al. 1987) (Goldstein et al. 1985).   

Functional MRI studies have shown that when subjects with PG are exposed to videos of 
people gambling, they show changes of activity in the same frontal and limbic brain areas as do 
cocaine addicts exposed to images of cocaine. Like drug addicts, gamblers also respond to drugs 
such as naltrexone that block the drug highs. It is therefore likely that the dopaminergic system 
and especially the meso-cortico-limbic pathways, activated by the drug of abuse, are involved in 
the reward experience by the gamblers. Breiter and colleagues (Breiter et al. 2001) have 
demonstrated that dopaminergic regions and in particular the nucleus accumbens are activated 
when winning money after betting at roulette. At least two PET studies have found lower binding 
sites for Dopamine D2 receptors in subjects that gamble (reviewed in (Potenza MN 2002)). It has 
been suggested (Potenza MN 2002) that PG subjects have attention deficit related to a 
dysfunction of the anterior cingulate. A PET study conducted on PG subjects identified 
significant changes in cortical arousal depending on whether they were just playing cards or 
betting with a $100 wager (Holden 2001). 

Other approaches to the study of PG have examined the relationship between the 
ventromedial prefrontal cortex (VPC) and the pathophysiology of the disorder. PG subjects, as in 
patients with damage to the VPC, persist in making choices according to an immediate reward 
even with the awareness of long-term consequences, a phenomenon known as “myopia of the 
future” (Cavedini et al. 2002). Several studies have used performance scores from the Gambling 
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Task to evaluate the decision-making function of the VPC (Adolphs R 2000);(Bechara et al. 
1998);(Grant et al. 2000). Other studies have used the Gambling Task to demonstrate decision-
making impairment in different disorders, such as obsessive-compulsive disorder (Cavedini et al. 
2002) and substance abusers (Bechara et al. 2001) (Mazas et al. 2000), which have shown 
abnormalities in VPC functional neuroimaging studies (Hommer et al. 1997); (Volkow et al. 
1991). Bergh and colleagues (Bergh et al. 1997) reported a decrease in CSF DA and an increase 
in DA metabolites in PG subjects. Serotonin dysregulation in PG is indicated by pharmacological 
studies in which the regulation of serotonin reuptake inhibitors (SRIs), clomipramine and 
fluvoxamine, showed a significant reduction in gambling urges and behaviours (Hollander et al. 
1992; Hollander et al. 1998). Other 5-HT investigations have reported that PG subjects showed a 
reduced level of prolactin response to an intravenous clomipramine challenge of 5-HT reuptake 
inhibitor. 

Numerous converging lines of evidence are therefore indicating an altered 
monoaminergic transmission in PG subjects. In particular the mesocorticolimbic dopamine 
pathway (MCL) that is associated with reinforcement and reward, are critical elements in 
gambling behaviour.  
 
 Genetic Studies of PG  
 

A growing body of evidence is demonstrating that the susceptibility to PG has a relatively 
large genetic component (Eisen et al. 2001). When exposed to the same environmental gambling 
opportunities, only some individuals will develop symptoms of gambling. This supports the 
presence of a biological susceptibility in developing the disorder in combination with 
environmental components (Murray 1993). Family studies have demonstrated that gambling 
behaviour aggregates in families (Gupta 1998). Gupta and Derevensky (1998) reported that 
among 479 young adolescents who gambled regularly, 86% referred to gambling activity in at 
least one of their parents. Similarly, a high incidence of gambling has been reported in the parents 
of adolescents with PG (Winters 1993). The elevated concordance rate for PG in identical 
(monozygotic) and fraternal (dizygotic) twins that share in principle 100% and 50% of their 
genes respectively, showed the presence of a genetic component that confer liability to PG. A 
study of 3,359 monozygotic and dizygotic twin pairs with a history of gambling showed that 
inherited factors account for 35% to 54% of the liability for five symptoms of PG (Eisen et al. 
1998). This result was confirmed in a re-analysis of the sample when the familiarity for alcohol 
dependence and PG was considered (Slutske et al. 2000). These studies provide strong evidence 
from large samples for a genetic contribution to the liability of PG. Furthermore, these studies 
have indicated that PG represents an extreme form of a trait that is continuously distributed in the 
population. In spite of the studies that have assessed the heritability of PG, little is known 
regarding the mode of transmission of the disorder. However, it is more than likely that the mode 
of transmission of the disorder is similar to other major common psychiatric conditions such as 
schizophrenia, mood disorders and ADHD. PG is considered a “complex disorder” from a genetic 
perspective.  
 
Molecular Genetic Approach to Complex Psychiatric Disorders 
 

Complex disorders have an oligogenic or polygenic genetic component with a non-
Mendelian mode of inheritance, where various genes, each contributing a portion to the disease, 
may interact together and with environmental factors. Linkage strategies are particularly 
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powerful if major gene effects predominate and locus heterogeneity is limited, this is indeed the 
method of choice for simple Mendelian traits. Linkage analysis of complex traits has limited 
power to identify loci with small contributions to the phenotype in question (Greenberg 1993). A 
more effective strategy for complex disorders such as PG is the use of association studies of 
candidate genes. Candidate genes are chosen among brain systems that are thought to be relevant 
to the etiology of the disorder. In the candidate gene approach, allele frequencies of the candidate 
gene of affected individuals are compared to the allele frequencies of unaffected unrelated 
individuals. This approach represents a statistically powerful approach (Risch 2000) when 
conducted using a sound methodology (Sullivan PF 2001). The thorough phenotypic 
characterization of our sample will exclude the presence of underlying psychopathological traits 
in the controls that are relevant to the disorder and that are known to increase the false negative 
results (Schlesselman. 1982). However, the case-control strategy is highly susceptible to 
population stratification effects and to sampling errors (Kidd, 1993). To overcome sampling 
biases and spurious results due to ethnical stratified allele frequencies of case-control studies, the 
use of the so-called ‘genomic control’ has been proposed by Devlin and Roder (Devlin 1999). In 
this approach, anonymous markers in the genome are used to determine population history and 
produce appropriate corrections for case association tests.  
 
Molecular Genetic Studies of PG 
 

Based on the numerous reports that suggest an altered monoaminergic transmission in 
PG, several preliminary studies, that require confirmation in independent samples, have 
investigated the role of dopamine and serotonin system genes in PG. An association between the 
dopamine D2 receptor gene (DRD2) and PG has been reported by Comings et al (Comings et al. 
1996). Furthermore, the results showed that gambling severity had a positive correlation with 
DRD2 TaqI allele. An association with the dopamine D1 receptor gene (DRD1) has also been 
reported (Comings et al. 1997). The dopamine D4 receptor gene (DRD4) was tested in two 
studies (Perez de Castro et al. 1997; Comings et al. 1999), which reported evidence for 
association. The dopamine D3 receptor gene also showed modest evidence for association with 
PG (Comings 1998). Association with the serotonin transporter gene has been reported in male 
subjects with PG (Perez de Castro et al. 1999). Moreover, the association between MAO-A and 
MAO-B genes and PG have also been tested, however no association was found (Ibanez et al. 
2001). See Table 2 (APPENDIX 2). 
 
4.2 Purpose and Goals 
 

The purpose of this research project was to investigate the presence of genetic factors that 
can increase susceptibility of suffering from PG. In addition, the investigators wanted to examine 
problem gambling from an integrated model perspective examining the genetic, emotional and 
psychological risk factors involved in the disorder. The identification of genetic factors will help 
to elucidate the biological mechanisms underlying PG as well as help in the development of more 
specific treatments. In addition, the results of this project will assist in identifying subjects at risk 
for developing PG. Moreover, we are using the data from this study in combination with our 
dataset of ADHD patients to gain insight into the overlap of genetic risk factors in PG and 
ADHD. The study also included a number of psychological measures and self report measures of 
life experiences to help us understand both genetic and psychological factors in the disorder. 
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4.3 Research Questions 
 

1. Dopamine Genes contribute significantly to the liability to develop PG 
2. Serotonin genes have a significant contribution to PG and interactive effects with the 

dopamine genes 
3. Overlap of genetic risk factors between PG and ADHD exist 

 
4.4 Methods 
 
4.4.1 Data Collection/Tools 
 
 The research participants filled out a number of questionnaires about their life, 
experiences, beliefs, knowledge of gambling and their style of coping.  
 
Sample #1 
 
 Through an OPGRC funded research project (P.Is. Dr. Jain and Dr. Turner) entitled 
Special Populations in Gambling: Attention Deficit Hyperactivity Disorder (ADHD) and 
Pathways to Problem Gambling, we had previously collected DNAs from 158 subjects with 
different degrees of severity for gambling. This initial sample collected information on problem 
gamblers as well as a control sample of non-problem but active social gamblers. These subjects 
have gone through a thorough assessment including the following screening measures: 
 

1. The South Oaks Gambling Screen (SOGS) 
2. DSM-4 for problem gambling, self report version  
3. Winning Experience Questionnaire 
4. Harmful consequences of gambling Questionnaire (Turner & Liu, 1999) 
5. The Random Events Knowledge Test (Macdonald & Turner, 2000; Turner & Liu, 

1999)   
6. The Gambling Cognition Questionnaire (GCQ), (Turner & Toneatto & Stanovich,  
7. Negative life experiences check list (a check list developed by Turner, currently being 

validated)  
8. The Life Experience Timeline Scale (developed by Turner and Zangeneh based on 

earlier work by Koski-Jannes (Koski-Jannes & Turner, 1999) 
9. Hamilton D to measure depression, Hamilton A to measure Anxiety  
10. The Temperament and Character Inventory  
11. The Stopsignal Paradigm Test (SSPT: Logan et al., 1993). 
12. The Wender Utah Rating Scale (WURS: Ward et al., 1993)  

 
Problem Gambling status was determined by a combination of responses to the SOGS and 

DSM-IV assessment scales and subjects were categorized into the following groups: 
 

1. Social Gamblers - active social gamblers that scored less than 2 on both SOGS and 
DSM-IV assessment scales. Note that this is a control sample.  

 
2. Borderline/Sub-clinical Problem Gamblers - scored too high on one of the two 

aforementioned measures to be classed as social gamblers, but did not meet 
pathological criterion on both measures.  
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3. Pathological Gamblers - problem/pathological gamblers that scored 5 or greater on 

the SOGS and 4 or greater on the DSM-IV assessment scales. These are the true cases 
of interest. 

 
The sample to date consists of 158 gamblers: 144 valid cases (55 non-problem, 33 

borderline problem, 54 problem, status of 2 could not be determined). The data from 14 people 
was later, after the end of the session, disqualified for validity reasons, but they were still paid for 
their participation.  

 
Sample #2  
 

We hired and trained a Research Assistant who successfully recruited, interviewed, and 
drew blood for DNA extraction for 150 healthy controls over the 12 months of the grant. This 
control sample is comprised of subjects who are infrequent or non-gamblers. Having this sample 
is essential for cross group comparisons and critical to the identification of the genetic factors that 
may lead to gambling activity (control vs social and problem gamblers) as well as risk factors for 
the loss of control over gambling activity (infrequent and social vs problem gamblers).   
 
These subjects have also gone through a thorough assessment including the following screening 
measures:  

1. Structured Clinical Interview for the DSM-IV Disorders (SCID) screening 
questionnaire (used to exclude the presence of psychiatric disorders) 

2. The Family Interview for Genetic Studies (FIGS: screen for the presence of genetic 
disorders in the family)  

3. The South Oaks Gambling Screening (SOGS)  
4. The Canadian Problem Gambling Index (CPGI)  
5. DSM IV for problem gambling  
6. The Winning Experience Questionnaire  
7. The Brown ADD rating scale/ DSM- IV ADHD questionnaire  
8. Zung anxiety rating scale  
9. The Temperament and Character Inventory Measures (TCI) 
10. Personality Measures 
11. The Ways of Coping questionnaire. 

 
We now have a sample of 150 non-problem/infrequent gambler controls. The DNAs have 

been genotyped for the dopamine DRD4 receptor gene and DRD2 receptor gene and the 
genotyping of the remaining list of candidate genes are currently underway through the third 
phase of this overall project entitled, Candidate Gene Studies in Problem Gambling. In this third 
phase, the frequencies of the alleles and genotypes on the samples (problem gamblers, social 
gamblers and infrequent-gambler controls) will provide a valuable comparison to aid in the 
studies of PG. The sample size will be increased to a total of 450 cases – control pairs. 
 
Laboratory Methods 
 

Blood samples were collected from subjects and DNA was extracted from whole blood 
following standard high salt procedures. The regions of interest within the candidate genes were 
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amplified using polymerase chain reaction (PCR) techniques with primers and conditions 
previously published. The PCR products for the following candidate genes were visualized via 
gel electrophoresis performed in agarose gels prepared with ethidium bromide and 1X TBE (Tris, 
boric acid, EDTA): DRD4, DAT, COMT, MAOA, 5HTT.  

Upon the introduction of the ABI 7000 Sequence Detection System (Applied Biosystems 
Inc., Canada), DRD1 and DRD2 polymorphic regions were amplified and genotyped using ABI 
TaqMan 5’-exonuclease Assays-by-DesignTM. The allelic assignment was performed using the 
ABI Prism 7000 Sequence Detection System (SDS) SoftwareTM (Applied Biosystems). The 
DRD5 and TH PCR products were separated using an ABI 3100 Avant Automated Genetic 
Analyzer (Applied Biosystems Inc., Canada). Allele assignment was performed using Genotyper 
3.7TM. The subjects were genotyped by a Technician who was blind to their assessment outcome 
and grouping status.  
 
4.4.2 Data Analysis 
 

There have been two main activities carried out during this study. (1) Expansion of the 
number of genes examined, mostly done with the original gambler data base (from the pathways 
study), (2) Collection of new data from healthy controls made up of infrequent or non-gamblers. 
Most of the genetics data presented below is based on an analysis of the original gambler 
database. 

Questionnaire results were computed and then analysed using ANOVA across the 4 
groups. Correlational analysis was used where appropriate, especially when continuous or 
dichotomous variables were being examined.   
 
4.4.3 Delimitations and limitations 
 
Sample Size 
 

One limitation of the study is the limited sample size. Genes vary across sub-populations 
so that in order to accurately determine the genetic and ethnic contributions to the disorder, we 
will benefit from a much larger sample. We are in the process of collecting data from a larger 
sample. 
 
Sample Selection 
 

Another source of limitation stems from the selection of the sample itself. None of the 
samples in this study were randomly drawn from the population. This means that we have a 
limited ability to generalize the results to the population. However a population based study 
would be far more expensive than our clinic sample. 
 
Control Groups 
 

There were difficulties defining control group(s) / multiple control groups. The difficulty 
is that a study investigating the genetic factors of problem gambling requires multiple control 
groups. Since most people gamble in some form or another, the act of gambling in itself is not a 
disorder. The desire to gamble for fun, found in regular social gamblers, is likely linked to a 
sense of adventure and a desire for excitement. Hence, social gamblers are not a disordered 
group. Nevertheless, social gambling is likely related to personality and temperament and thus 
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may be influenced by genetic factors. That being said, the traditional control group for genetic 
studies, usually made of “unaffected” or “symptom-free” subjects, may be systematically 
different from regular social gamblers. It is therefore vitally important that in addition to a control 
group of non/infrequent gamblers, a control group of social gamblers be used in any study 
investigating the genetic factors of gambling. In fact, the first part of this research project 
“Special populations in gambling: Attention Deficit Hyperactivity Disorder (ADHD) and 
pathways to problem gambling” (funded from March 1, 2001-March 1, 2002), was the first study 
we know of to use healthy non-problem social gamblers as a control group.   
 

Exact gambling figures are difficult to obtain in that they depend on how one defines 
gambling. It is estimated that approximately: 

• 15% of the population report not gambling at all (group 0),  
• 55% of the population gamble infrequently (group 1), 
• 25% are regular social gamblers (group 2), [Note: what distinguishes a social 

versus infrequent gambler is hard to define precisely] 
• 3.5% of the population sometimes gambles problematically (group 3) [Note: This 

group does not qualify for a clinical diagnosis of pathological gambler]  
• 1.5% of the population qualifies for a clinical diagnosis (group 4)  

 
The genetic makeup of all these groups is of interest and groups 0, 1, and 2 would 

constitute as control groups. However, we considered the contrast of social gambler with problem 
gambler (2 vs. 4) and infrequent gambler (1 vs. 4) with problem gambler to be the most 
interesting. A current limitation is that there is no definite cut off between the regular social 
gambler and the infrequent gambler.  
 
Measurement 
 

With all assessment tools, the chance of an incorrect assessment cannot be eliminated.  
Although we used the SOGS as well as a DSM-IV based questionnaire to determine problem 
gambling status, we cannot completely guarantee that our non-problem gamblers are all actually 
non-problem gamblers and that our problem gamblers are all actually problem gamblers. These 
measures have been found to be reliable and valid, but no measure is perfect. We used both 
measures to reduce the chance of an incorrect assessment. 
 
4.5 Findings and interpretations 
 
4.5.1 Summary of Findings 
 
Psychometrics 
 

Through the examination of subject responses from the questionnaires contained in our 
assessment package, we found some noteworthy individual differences previously reported in the 
literature to be associated with problem gambling. 
 

1. Novelty Seeking/Harm Avoidance 
 

On the Temperament and Characteristic Inventory (TCI), our analyses show that the 
infrequent gambling control subjects scored the lowest on novelty seeking, while the pathological 
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gamblers scored the highest [F (3, 256) = 14.10, p < .01]. In terms of harm avoidance however, 
the social gamblers had the lowest scores [F (3, 256) = 12.1, p < .01].  

 
2. Self-directedness and Cooperativeness 
 

On both self-directedness and cooperativeness infrequent gamblers scored significantly 
higher than the other groups, while pathological gamblers scored significantly lower than the 
other groups [F (3, 256) = 43.3, p < .01; F (3, 256) = 21.9, p < .01 respectively]. The only 
difference found on the category of self-transcendence was between the infrequent gamblers and 
the sub-clinical problem gamblers [F (3, 256) = 4.47, p < .01]. See Table 3 (APPENDIX 3). 
 

3. Risk Taking/Boredom Susceptibility 
 
We also examined individual differences amongst the problem gamblers. Analysis of 

variance was conducted on each variable comparing the 4 groups. This was followed by 
Bonferroni adjusted post hoc tests. The only significant difference we found for risk taking was 
that the infrequent gamblers reported being less easily bored compared to all three of the other 
groups of participants [F (3, 256) = 9.47, p < .01]. Impulsivity was significantly lower amongst 
the infrequent/non-gamblers than all other groups and significantly higher than all other groups 
for the pathological gamblers [F (3, 256) = 18.01, p < .01].  

 
4. Depression 

 
Similarly, depression was higher amongst the pathological gamblers and significantly 

lower for the infrequent gamblers, [F (3, 256) = 18.01, p < .01]. The post hoc tests also found that 
depression was significantly higher for social gamblers than for the infrequent gambler controls 
however, it should be noted that depression was low amongst the social gamblers. It is likely that 
the contrast between the social and infrequent gamblers reached significance because we 
screened out depression from the infrequent gamblers sample, but not from the social gamblers. 
This artefact is unfortunately the consequence of using different strategies in the different sample 
groups when trying to control for extraneous variables. In the first phase of the study, “Special 
populations in gambling: Attention Deficit Hyperactivity Disorder (ADHD) and pathways to 
problem gambling”, we set up the study so that we could statistically examine the relationship 
between depression and PG. Alternatively, in the current phase of the study, when collecting the 
healthy control subjects for Sample #2 (non/infrequent control sample, we attempted to control 
for depression by screening out all depressed subjects.  

 
5. Sociability 

 
With regards to sociability, no differences were found amongst the groups. The only 

difference found was that the pathological gamblers reported higher levels of anxiety compared 
to both the social and the infrequent gamblers [F (3, 256) = 4.59, p < .01]. See Table 4 
(APPENDIX 4). 
 

6. Coping Strategies 
 
We also examined coping strategies for dealing with stress. There were a few differences, 

but most did not form any systematic pattern in terms of problem gambling. However, we did 
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note a tremendous effect of using escape as a coping mechanism [F (3,256) = 31.8, p <0.001]. 
Post hoc tests indicated that pathological gamblers were significantly more likely to rely on 
escape to cope with stress than the other groups. The second largest effect was on accepting 
responsibility [F (3,256) = 12.3, p <0.001] where again pathological gamblers were significantly 
more likely to report accepting responsibility. We suspect this effect may be related to self-
blaming which is supported by a positive correlation between responsibility and depression (r = 
.3, p <0.01). We found no differences between the social and infrequent gamblers on escape 
coping or taking responsibility. Compared to social and infrequent gamblers, pathological 
gamblers were also more likely to rely on distancing, [F (3,256) = 6.5, p <0.01], self control 
[F(3,256) = 2.8, p <0.001], and confrontation.[F(3,256) = 4.3, p <0.01]. In terms of the two most 
healthy forms of coping, social support and problem solving, we found no differences between 
pathological gamblers and the other groups however, social gamblers appear to rely less on 
support than infrequent gamblers [F(3,256) = 3.2, p <.01]. See Table 5 (APPENDIX 5) 
 

7. Impulsivity 
 

Finally, we looked for differences amongst the groups in terms of impulsive control 
disorders: ADHD, oppositional and defiant disorder and conduct disorder. These questions were 
framed in two ways – symptoms before the age of 7 and current symptoms. Both time frames for 
this question were done in a self report - retrospective manner. We found highly significant 
differences with all of these variables. There was an interesting shift from the before age 7 
symptoms to the current symptoms for all three of these variables. The pathological and social 
gamblers do not appear to have differed in terms of impulse control symptoms in their youth, but 
are significantly different currently. Infrequent gamblers scored lower than the other 3 groups on 
ADHD before the age of 7, [F (3,223) = 20.1, p <0.001], oppositional defiant disorder before 7, 
[F(3,223) = 13.7, p <.001], and conduct disorder before 7 [F(3,223) = 16.6, p <.001]. In contrast 
for current symptoms, the pathological gamblers scored higher than the other 3 groups on 
ADHD, [F(3,227) = 26.2, p <.001], oppositional defiant disorder, [F(3,228) = 23.3, p <.001], and 
conduct disorder, [F(3,228) = 14.1, p <.001]. Social and infrequent/non-gamblers did differ 
significantly on current symptoms of oppositional/defiant disorder and conduct disorder but these 
differences were small and as with depression may be an artefact whereby infrequent gamblers 
who showed any pathology were disqualified from the study. See Table 6 (APPENDIX 6). 
 
Genetic Analyses 
 

Within the PG, sub-clinical PG, and non-PG social gambler groups, we have performed 
analyses of quantitative measures of gambling symptoms versus the genotypes at these candidate 
genes using ANOVA. We have interesting positive associations between several of the genes and 
PG (See APPENDIX 7). The highlights of our analyses include the following: 
 

1. DRD4:  
 

There was a trend for the biased presence of the associated risk allele in the PG group for 
DRD4 (7-repeat) 42%. Both the 2 and the 7 alleles were more common in the PG group than in 
the non-PG group. In addition, there was a higher frequency of the at risk allele of DRD4 (7-
repeat) gene in our sample than in previously reported studies.  
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When analyses were done comparing the control group with the gambling groups, the 
frequency of the 7-repeat allele was significantly more prevalent in our combined three gambling 
groups, and was absent in our control group. The 7-repeat allele, previously linked to novelty 
seeking and ADHD, appears to be strongly related to a propensity to gamble and may also be 
related to PG (X2 = 16.7, p < .001). Furthermore, as the frequency of the 4, 4 genotype decreases 
between gambling groups, gambling problems increase. The 4, 4 genotype may be a protective 
factor against the severity of gambling problems (X2 = 30.2, p < .0001). We are currently in the 
process of preparing a manuscript for publication based on these results.  

Thus far we have only examined one gene across all 4 groups (infrequent vs social vs. 
sub-clinical vs. pathological). The DRD4 with the 7-repeat allele appears to be much higher 
amongst the pathological subjects compared to the infrequent gamblers control group. However, 
as you can see in the Table 8, the 7-repeat allele was also found more often in the social gambler 
control group, suggesting that this gene was more closely related to the enjoyment of gambling as 
a recreational activity than to the pathology per se. The 2-allelle also appears to be more common 
amongst problem gamblers. See Table 8 (APPENDIX 8). 
 

2. DAT1:  
 

Although we did not find any association with this gene and PG per se, our other analyses 
found that the DAT1 VNTR is related to a measure of impulsivity (i.e. subjects that had the 10,10 
genotype scored higher in impulsivity, r=0.21) 
 

3. DRD1: 
 

Allele 2 appears to be related to being at risk for problem gambling, but it seems that the 
1,2 genotype that carries the risk (F= 4.10, p=0.019; X2=17, p=0.009). This mix of alleles 
causing increased risk needs further exploration. 

 
4. COMT:  

 
There was a trend for the biased presence of allele 2 (Methionine) in the PG group for 

COMT 23%. In addition, there was a higher frequency of allele 2 in our sample than in 
previously reported studies. Although we did not find any association with this gene and PG, 
other analyses found that allele 2 is related to a measure of impulsivity (i.e. subjects that had the 
2,2 genotype scored higher in impulsivity). Furthermore, the 2,2 genotype group were also more 
likely to report depression. The role of COMT in frontal cortex dopamine levels, demonstrated in 
other studies, makes this a good candidate for further follow up in larger samples. 
 

5. Summary 
 

To date, our results are preliminary and further analyses are underway using additional 
candidate genes, larger gambling subject groups and controls groups. The comparison of the 
genotype and allele frequencies with the normal population will increase the statistical power of 
this study. These continued efforts have been approved for funding for an additional 3-year term 
by the OPGRC entitled, Candidate Gene Studies in Problem Gambling.  
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Summary 
 

Thus far, the positive dopamine D4 receptor gene findings appear to be the most 
interesting. The comparison of the genotype and allele frequencies with the normal population 
will increase the statistical power of this study.  
 
4.5.2 Publications and Presentations  
 
See APPENDIX 2 for full abstracts. 
 
See APPENDIX 9 for detailed abstracts. 
 
4.6 Conclusions and Implications 
 

In summary, pathological gamblers appear to be impulsive novelty seekers, who are 
easily bored. However, they did not score higher on thrill seeking. All of the gambler groups 
(social to pathological) appear to have been impulsive in their youth, but the pathological 
gamblers do not appear to have overcome or learned to control their impulses. Infrequent 
gamblers do not appear to have been impulsive as youth, and are not impulsive currently. Not 
surprisingly, depression was much higher amongst the pathological gamblers.  

It is hard to imagine being happy after losing one’s house, car, spouse, job and even 
dignity. Anxiety was also elevated amongst the pathological gamblers. In terms of coping 
strategies, the main difference was the extent to which the subjects reported using escape to cope 
with stress. Pathological gamblers rely on escape more than any other group. 

These data also brought out a number of interesting differences between the social and 
infrequent gamblers. Social gamblers are more easily bored, more impulsive and have a higher 
desire to novelty, compared to infrequent gamblers. In addition, they report having had more 
symptoms of ADHD and other impulse control disorders in their youth. On the other hand, their 
scores on current symptoms of ADHD are quite similar to the infrequent gamblers. They also 
have the lowest scores on harm avoidance, but are somewhat more depressed than infrequent 
gamblers. However, some of these differences may be artefacts of the manner in which people in 
the infrequent gambler control were pre-screened in order to rule out a history psychiatric illness. 

To date, our genetic results are preliminary and further analyses are underway using 
additional candidate genes, larger gambling subject groups and control groups. Thus far, the 
positive dopamine D4 receptor gene finding appears to be the most interesting. It would seem 
that the 7-repeat allele is not so much associated with PG, but more closely linked to gambling as 
a recreational activity. This finding highlights the importance of including both infrequent and 
regular social gamblers as controls in any study of the genes behind PG. Previous studies of the 
genetics of PG failed to include social gamblers as a control group. 

In the near future, we will turn our attention to additional monoaminergic system genes, 
particularly Dopamine and Serotonin system genes. We will examine the differences between 
infrequent, social and pathological gamblers with the hope that we can identify the genetic factors 
that may partly be responsible for the loss of control found in PG. The comparison of the 
genotype and allele frequencies with the normal population will increase the statistical power of 
this study. These continued efforts have been approved for funding for an additional 3-year term 
by the OPGRC entitled, Candidate Gene Studies in Problem Gambling (funding September 
2003-August 2006).  
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Implications  
 

Pathological gamblers score higher on measures of impulsivity, escape coping and 
depression. Testing for these variables using a cohort of youth participants might identify people 
at high risk for developing PG, making early intervention possible. Medical interventions for 
these traits may be possible as well. 

Given the differences between social and infrequent gamblers, we need to include both 
infrequent and regular social gamblers as controls in any study design examining the genetics of 
PG. Previous studies in this field confounded gambling with PG by failing to explicitly define a 
sample of recreational gamblers. 
  
4.6 Future Research 
 

This sample collected under the OPGRC funding represents one of the largest in the 
world for genetic studies of PG. However, as stated above, the sample size needs to be enlarged 
for more powerful analyses and for subdividing the sample into symptom groups. The dopamine 
D4 receptor gene positive association with PG is our most promising finding at present. 

This project is continuing on into the third phase of the research in an OPGRC funded 
grant entitled, Candidate Genes in Problem Gambling (Spring 2004-Winter 2007). Continued 
efforts to study the contribution of Monoaminergic system genes, particularly Dopamine and 
Serotonin system genes, to the liability of problem gambling are currently underway. The results 
of this extended study will help to explore and develop an integrated model of the genetic, 
emotional and psychological risk factors involved in problem gambling. 
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APPENDIX 1  
Table 1: Age and Gender 
 
Subject Groups Group 

Distribution 
Gender  

(% male:female) 
Age 

(years) 
Infrequent gambler 
controls 

116 41.5 : 59.5 38.9 
(sd 12.7) 

Non-problematic 
Social Gamblers 
(controls) 

55 56.4 : 43.6 43.1  
(sd 13.6) 

Borderline 
Problem Gamblers 

31 48.4 : 51.6 41.1  
(sd 14.7) 

Pathological 
Gamblers 
(cases) 

55 54.5 : 45.5 40.6  
(sd 12.8) 
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APPENDIX 2  
Table 2:  List of Candidate genes and polymorphisms  

 
 
 
Locus Symbol 

 
Gene 

 
Chromosome

 
Source 

 
Polymorphism 

 
DRD4 

 
Dopamine Receptor D4 
 

 
11p 

 
Van Tol et al 
Seeman et al 
Zenner et al  
 

 
48bp exon III VNTR 
5’ 120bp duplication 
12bp repeat exon I 

 
DRD5 

 
Dopamine Receptor D5 
 

 
4p 

 
Sobell et al 
Sobell et al 
Beischlag et al 
Cravchik et al 
 

 
Cys355st. 
Ser453Cys 
(TC)n in promoter 
Asn351Asp;Leu88Phe

 
DRD1 

 
Dopamine Receptor D1 
 

 
5q 

 
Cichon et al 
Liu et al 

 
5’ promoter region 
-48A/G; 
198 G/A;1263G/A 
 

 
DRD2 
 

 
Dopamine Receptor D2 

 
11q 

 
Arinami et al 
Barr et al 
Cravchik et al 
 

 
-141Cins/del;A241G 
TaqI A 
Pro310Ser;Ser311Cys 

 
COMT 
 

 
Catechol-O-Methyltransfera
 

 
22q 

 
Lotta et al 

 
Met/Val 

 
5HTT 

 
Serotonin Transporter 
 
 

 
17q 

 
Lesch et al 

 
ins/del in upstream 
regulatory region 

 
5HT2A 

 
Serotonin Receptor 2A 

 
13q 

 
Ozaki et al 

 
102 T/C 
His452Tyr 
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APPENDIX 3 
Table 3: Means and standard deviations for TCI scores across the 4 groups of participants. 
 
  NS HA RD PS SD CO ST 
Infrequent Mean 38.9 45.1 52.5 38.3 74.0 63.9 30.2 
  N 111 111.0 111.0 111.0 111.0 111.0 111.0
  Std 27.7 23.1 24.9 25.4 26.5 21.3 32.2 
Social Mean 53.0 38.4 44.7 43.7 57.7 50.6 30.1 
  N 55 55.0 55.0 55.0 55.0 55.0 55.0 
  Std 26.4 26.6 27.3 24.5 26.6 25.4 24.9 
Sub-clinical Mean 56.2 45.4 52.6 44.1 44.7 40.8 47.0 
  N 30 30.0 30.0 30.0 30.0 30.0 30.0 
  Std. 25.2 25.1 23.2 25.9 28.3 28.2 26.3 
Pathological  Mean 65.4 65.1 44.7 31.2 25.7 33.5 42.6 
  N 55 55.0 55.0 55.0 55.0 55.0 55.0 
  Std. 21.7 25.8 25.4 27.1 24.9 25.8 27.5 
   1<2,3,4 3>1,2,3   1>2,3,4

4<1,2,3
1>2,3,4 
4<1,2 

1<3 

 
NS Novelty Seeking 
HA Harm Avoidance 
RD Reward Depend 
PS Persistence 
SD Self-directedness 
CO Co-operativeness 
ST Self Transcendence 
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APPENDIX 4 
Table 4: Individual differences as a function of gambling group. 
 

GTYPE2  BS TS RT IM SB DP IA 
Infrequent Mean 40.0 30.8 35.4 34.4 66.8 22.5 35.9 
  N 116.0 116.0 116.0 116.0 116.0 116.0 116.0 
  Std 13.6 23.6 15.5 14.2 16.8 11.8 14.7 
Social Mean 49.5 27.4 38.4 42.7 64.7 32.5 35.1 
  N 55.0 55.0 55.0 55.0 54.0 55.0 55.0 
  Std 13.8 24.6 15.9 14.9 16.9 15.3 16.9 
Sub-clinical Mean 50.4 28.0 39.2 43.6 69.1 34.3 38.7 
  N 31.0 31.0 31.0 31.0 31.0 31.0 31.0 
  Std. 14.8 20.9 15.5 13.0 20.7 14.8 17.6 
Pathological  Mean 49.1 24.5 36.8 52.0 59.6 46.1 44.8 

N 55.0 55.0 55.0 55.0 55.0 55.0 55.0 
Std. 16.2 19.3 15.3 17.3 23.8 17.2 16.7 

 1<2,3,4   1<2,3,4
4>1,2 

 1<2,3,4 
4>1,2,3 

4<1,2 

BS Boredom Susceptibility 
TS Thrill seeking 
RT Risk Taking overall score (BS + TS) 
IM Impulsivity 
SB Sociability 
DP depression 
IA Interpersonal anxiety 
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APPENDIX 5 
 
Table 5: Ways of coping scale means across the four subject groups. 
 

 CONF DIS SELF SUPP RESP ESC SOLV REAPP
Infrequent Mean 1.9 1.9 2.3 2.3 2.0 1.6 2.6 2.2 
  N 116.0 116.0 116.0 116.0 116.0 116.0 116.0 116.0 
  Std 0.6 0.5 0.5 0.6 0.7 0.5 0.7 0.7 
Social Mean 1.9 1.9 2.1 2.0 1.9 1.6 2.3 2.0 
  N 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 
  Std 0.6 0.5 0.5 0.6 0.6 0.5 0.7 0.6 
Sub-clinical Mean 2.1 2.0 2.2 2.0 2.1 1.9 2.3 2.1 
  N 31.0 31.0 31.0 31.0 31.0 31.0 31.0 31.0 
  Std. 0.8 0.6 0.5 0.7 0.7 0.6 0.7 0.7 
Pathological Mean 2.3 2.3 2.4 2.1 2.6 2.4 2.3 2.1 

N 55.0 55.0 55.0 55.0 55.0 55.0 55.0 55.0 
Std. 0.6 0.6 0.6 0.7 0.8 0.6 0.6 0.7 

 4 > 1,2 4 >1,2 4 > 2 1<2 4>1,2,3 4 > 1,2,3 
1<3<4 

  

 
CONF confrontation 
DIS - distancing 
SELF self-control 
SUPP social support 
RESP accepting responsibility 
ESC - escape 
SOLV –problem solving 
REAPP – reappraisal 
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APPENDIX 6 
Table 6: Impulse control and problem gambling group – before age 7 and current 
 

 ADHD  
B4-7 

ADHD 
Now 

Opp/def
B4-7 

Opp/def
Now 

Conduct 
B4-7 

Conduct 
Now 

Infrequent Mean 1.4 1.3 1.2 1.2 1.0 1.0 
  N 113.0 112.0 113.0 113.0 113.0 113.0 
  Std 0.3 0.2 0.3 0.3 0.1 0.1 
Social Mean 1.7 1.4 1.5 1.4 1.3 1.1 
  N 47.0 51.0 45.0 50.0 45.0 50.0 
  Std 0.4 0.3 0.4 0.4 0.4 0.2 
Sub-clinical Mean 1.8 1.4 1.6 1.5 1.2 1.1 
  N 27.0 26.0 28.0 27.0 28.0 27.0 
  Std. 0.6 0.3 0.6 0.4 0.3 0.1 
Pathological  Mean 1.9 1.8 1.7 1.8 1.3 1.2 

N 40.0 42.0 39.0 42.0 39.0 42.0 
Std. 0.5 0.5 0.6 0.6 0.2 0.3 

 1 < 2,3,4 4>1,2,3
1<3,4 

1 < 2,3,4 4>1,2,3
1<2,3,4

1 < 2,3,4 4>1,2 
1<2,4 

 
ADHD B4-7 – ADHD symptoms before age 7 
ADHD Now – ADHD symptoms currently 
Opp/def B4-7- oppositional and defiant symptoms before age 7 
Opp/def Now – oppositional and defiant symptoms currently 
Conduct B4-7 -- conduct disorder symptoms before age 7 
Conduct Now– conduct disorder symptoms currently 
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APPENDIX 7 
Summary of Genetic Analyses: 
 
I Monoamine Oxidase (MAO-A) 
  G1VS3 Total

  Non-problem gamblers Problem Gamblers  
Anything else Count 5 5
  % within G1VS3 9.6% 4.7%
3 & 3 Count 10 13 23
  % within G1VS3 19.2% 24.1% 21.7%
3 & 4 Count 11 12 23
  % within G1VS3 21.2% 22.2% 21.7%
4 & 4 Count 26 29 55
  % within G1VS3 50.0% 53.7% 51.9%
  Count 52 54 106

The problem gamblers appear to be more likely to possess the 3 allele, and less likely to possess 
any of the rare alleles (2, 5 & 9). These differences are small, however problem gamblers are 
significantly more likely to be homozygous. ANOVA of these 4 categories found no main effect, 
but a LSD contrast (Least significant difference, a t-test that does not protect against type 1 
errors, but holds type 2 errors to a minimum) of the other genotypes vs the 33 and 44 was 
significant. 
 
II Serotonin Transporter (5-HTTins/del)  

G1VS3 Total
Non-problem gamblers Problem Gamblers 

1&1 18 12 30
40.0% 22.2% 30.3%

1&2 17 31 48
37.8% 57.4% 48.5%

2&2 10 11 21
22.2% 20.4% 21.2%

45 54 99
100.0% 100.0% 100.0%

It appear that being homozygous for the 1 allele (11) is less common amongst the problem 
gamblers but being heterozygous (12) is more common. ANOVA results are only marginal but 
LSD t-tests found a significant difference between problem gambling scores between group “11” 
and “12”. 
 
III  5-HTTVNTR 

G1VS3 Total
Non-problem gamblers Problem Gamblers 

Anything else 1 3 4
2.0% 5.6% 3.8%

10&10 6 5 11
12.0% 9.3% 10.6%

10&12 20 22 42
40.0% 40.7% 40.4%

12&12 23 24 47
46.0% 44.4% 45.2%

50 54 104
100.0% 100.0% 100.0%

Subjects with the 9 allele tended to score higher on the restrospective measure of ADHD before 
age 7 (but not on current symptoms). It is important to note that there were very few cases with 
the 9-allele and this result needs to be further replicated in a larger sample size. 
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IV DRD1 

Non-problem gamblers Problem Gamblers 
1&1 25 14 39

49.0% 25.9% 37.1%
1&2 18 31 49

35.3% 57.4% 46.7%
2&2 8 9 17

15.7% 16.7% 16.2%
51 54 105

100.0% 100.0% 100.0%

Subjects with a 2 allele appear to be at risk for problem gambling, but it seems that it is the 12 
combination that is the most problematic. The ANOVA is significant and the contrast between 
the 11 and 12 groups is statistically significant in terms of problem gambling scores. The chi-
square for the above table is also significant. 
 
V Tyrosine Hydroxylase 

G1VS3 THHOMO TH2 TH3 TH4 TH5 TH6
Non-problem .30 .36 .42 .15 .38 .39

Problem .09 .28 .43 .30 .34 .55
Total .1981 .3208 .4245 .2264 .3585 .4717

The 4 and 6 alleles are more common amongst the problem gamblers, the effect for TH4 is 
marginally significant, p = .06. Allele 2 is somewhat more common with the non-problem 
subjects. The basic finding is that problem gamblers are significantly less likely to be 
homozygous. There does not seem to be any particular allele that explains this effect. 
 
VI  DRD5 

G1VS3 DRD5
HOMO

DRD5-1 DRD5-2 DRD5-3 DRD5-4 DRD5-5 DRD5-6 DRD5-7 DRD5-8 DRD5

Non-problem 21.2% 5.8% 3.8% 5.8% 13.5% 9.6% 11.5% 11.5% 9.4% 76.9
Problem 29.6% 0.0% 5.6% 13.0% 5.6% 5.6% 14.8% 9.3% 12.7% 72.2

Total 25.5% 2.8% 4.7% 9.4% 9.4% 7.5% 13.2% 10.4% 11.1% 74.5
Problem gamblers seem to be less likely to have the 1, 4, and 10 alleles, and more likely to have 
the 3 & 11 alleles. 
 
VII COMT 

Non-problem gamblers Problem Gamblers 
1&1 19 18 37

35.2% 32.7% 33.9%
1&2 26 25 51

48.1% 45.5% 46.8%
2&2 9 12 21

16.7% 21.8% 19.3%
54 55 109

100.0% 100.0% 100.0%
Subjects that are homozygous 22 were more likely to score on a measure of impulsivity, but not 
on ADHD (and not with problem gambling). In addition, subjects that are homozygous 22 were 
more likely to report depression.  
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VIII DAT 
Non-problem gamblers Problem Gamblers 

An 11 1 1
1.9% 1.0%

9&9 3 5 8
5.9% 9.4% 7.7%

9&10 21 23 44
41.2% 43.4% 42.3%

10&10 27 24 51
52.9% 45.3% 49.0%

51 53 104
100.0% 100.0% 100.0%

Subjects that are homozygous 10, 10 scored higher in impulsivity, r = .21. 
 
IX DRD4  

G1VS3 DRD4-2 DRD4-4 DRD4-7
Non-problem .1957 .8913 .3478

Problem .3462 .8269 .4231
Total .2755 .8571 .3878

Both 2 and 7 alleles are more common with problem gamblers. The 7 allele is much more 
common in both problem and non-problem gamblers than has been reported in other published 
reports. The difference with the 2 allele is marginally significant. 
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APPENDIX 8 
Table 7: Allelle frequency for the 4 groups of subjects 

Allelle
s 

Infrequent Social Sub-clinical Pathological

Other 6.3% 16.0% 14.8% 13.5%
2-4 15.3% 12.0% 22.2% 28.8%
4-4 60.4% 36.0% 33.3% 26.9%
4-7 11.7% 26.0% 18.5% 21.2%
7-7 5.4% 4.0% 3.7% 3.8%
2-2 .9% 2.0% 7.4%
2-7 4.0% 5.8%
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APPENDIX 9 
 
Abstracts 
 
INVESTIGATION OF DRD4, DAT, AND COMT GENES IN PATHOLOGICAL 
GAMBLING 
 
M Krinsky*1, PM Muglia1, NE Turner2, M Husain1, A Squassina1, JL Kennedy1 
 

1Neurogenetics Section, Centre for Addiction and Mental Health, Department of Psychiatry, 
University of Toronto; 2Department of Social Health and Policy, Centre for Addiction and 
Mental Health. 
 
    Pathological gambling (PG), according to the DSM-IV, is an impulse-control disorder 
that is characterized by the persistent and maladaptive gambling behaviors that have disruptive 
consequences on familial, occupational and social pursuits. A recent meta-analysis reported the 
lifetime prevalence of PG in adults at 1.6%, with an additional 3.9% of adults having a gambling 
problem (Shaffer et al, 1999). As a result, PG represents an important health concern and there is 
a great need to gain further insight into the causes of PG in order to develop preventative and 
more effective forms of treatment for susceptible individuals. A growing body of evidence, 
including family, twin, and association studies, has demonstrated that the susceptibility to PG has 
a relatively large genetic component. Like other common psychiatric conditions, PG is 
considered a complex disorder since the genetic component of the disorder is likely determined 
by several genes interacting together as well as with environmental factors. Converging lines of 
evidence have suggested that the monoamine systems, and in particular the dopaminergic and 
serotonergic pathways, represent important principal biological components involved in the 
etiology of PG. We have collected DNAs from 151 subjects with problem and pathological. 
These subjects have completed a thorough assessment and a number of questionnaires and tests 
including: the South Oaks Gambling Screen (SOGS), the Random Events Knowledge Test, the 
Gambling Cognition Questionnaire (GCQ), the Temperament and Character Inventory, the Stop 
signal Paradigm Test and The Wender Utah Rating Scale. We have genotyped these subjects for 
three dopamine system genes (DRD4, DAT and COMT) and compared the phenotype scores 
across genotype groups. No significant differences were observed for the genotype groups versus 
the quantitative phenotypic measures (all F values <1.5, p>0.05). These results are preliminary 
and further analyses will be conducted using additional candidate genes and larger samples. 
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Investigation of Candidate Genes in Pathological Gambling 
 
M Krinsky*1, PM Muglia1, NE Turner2, JL Kennedy1 
 

1Neurogenetics Section, Centre for Addiction and Mental Health, Department of Psychiatry, 
University of Toronto; 2Department of Social Health and Policy, Centre for Addiction and 
Mental Health. 
 

Pathological gambling (PG), according to the DSM-IV, is an impulse-control disorder 
that is characterized by persistent and maladaptive gambling behaviors. A recent meta-analysis 
reported the lifetime prevalence of PG in adults at 1.6%, with an additional 3.9% of adults having 
a gambling problem (Shaffer, 1999). Family, twin, and genetic association studies have reported 
that the susceptibility to PG has a relatively large genetic component. Like other psychiatric 
conditions, PG is considered a complex disorder since it is likely determined by several genes 
interacting together as well as with environmental factors. Converging lines of evidence have 
suggested the dopaminergic pathways represent important principal biological components 
involved in the etiology of PG. We collected DNAs on 145 gambling subjects (55 PG, 31 
borderline-PG, and 55 non-PG) who underwent a thorough assessment including DSM-IV 
criteria and the South Oaks Gambling Screen. We genotyped 5 dopamine-related candidate genes 
(DRD4, DAT, COMT, DRD5 and TH) and compared the phenotype scores across genotype 
groups. We were unable to detect a significant association with any of the polymorphisms 
genotyped (DRD4: t=-0.501, p=0.617; DAT: t=1.251, p=0.213; COMT:t=-1.639, p=0.104; 
DRD5: t=-0.404, p=0.687; TH: t=0.695, p=0.489) however, there was a trend for the biased 
presence of the associated risk allele in the PG group for DRD4 (7-repeat) 42% and COMT 
(allele 2) 23%. Furthermore, we observed a higher frequency of the at risk allele of the DRD4 (7-
repeat), COMT (Allele 2) and DRD5 (148 bp) genes in our sample than in previously reported 
studies. Correlation studies showed that the additive genotypic effects of the candidate genes 
(excluding TH) accounted for 2.9% of variance in our sample (r=0.171, p=0.046). These results 
are preliminary and further analyses are underway using additional candidate genes, larger 
samples and matched case-control subjects.  
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Turner, N.E., Jain, U. Spence, W., Zangeneh, M. (2003, May). Poor impulse control, stress, 
depression, early wins, and a lack of knowledge: pathways to problem gambling. Paper 
presented at the 12th international conference on gambling and risk taking, Vancouver. 

 
Background: This paper will report on the findings of a study of factors related to the 
development of problem gambling.  This research examined impulse control, negative life events, 
early wins, and knowledge of randomness. Methods included measures of temperament and 
personality, questionnaires on life history, mood and beliefs as well as an experimental task and a 
genetic test. Problem gamblers (n=54) were compared to regular but non-problem gamblers 
(n=55). To determine the nature of the paths that people followed into problem gambling, the 
data were analyzed using analysis of variance, structural equation modeling and cluster analysis. 
 
Findings: Amongst these gamblers, we found a significant relationship between problem 
gambling and impulsivity. The results showed that problem gambling is most likely related to a 
number of separate risk factors including poor coping strategies, stressful life experiences, 
impulsivity, misunderstandings about random numbers, and early wins. Having more risk factors 
was associated with more problematic gambling. A regression analysis suggests that the effect of 
impulsivity on problem gambling is mostly an indirect effect related to the use of poor coping 
strategies such as escape coping. The direct effect of impulsivity drops to non-significance when 
controlling for escape coping. Negative life experiences and a poor understanding of random 
events were also positively correlated with the use of escape coping. Analysis suggested that 
vulnerability is best thought of as a linear addition of risk factors, however using cluster analysis 
we also found evidence that different risk factors can be used to identify different subgroups of 
problem gamblers.  
 
 
 
 
 
 
 
  
 


