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Abstract
Problem gambling is an addictive behavior with high comorbidity with alcohol problems and
smoking. A common feature shared by these conditions is impulsivity. Past research shows that
individuals with any of these addictions discount delayed money at higher rates than those
without, and that the presence of gambling and substance use lead to additive effects on
discounting. To date, however, no study examined the impact of smoking on these associations.
The goals of this study were to compare the discounting rates of gamblers with and without
histories of alcohol problems and smoking, and assess the associations these addictions might
have on discounting. We analyzed the discounting rates of treatment-seeking gamblers categorized
into four groups based on their histories of alcohol and smoking. Results revealed effects of
history of alcohol problems, and an interaction between smoking and alcohol problems, on
discounting. Never smokers with histories of alcohol problems discounted money less steeply than
the other groups of gamblers. These results suggest that smoking does not produce additional
increases on discounting rates in individuals with other addiction problems and the small
subpopulation of gamblers with alcohol problems who never smoked is less impulsive and may
have unique risk and/or protective behaviors.
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Problem gambling is an addictive behavior affecting up to 5% of the United State’s
population (Kessler et al. 2008; Shaffer, Holt & Bilt 1999), and it has high rates of
comorbidity with alcohol use and smoking. Lifetime rates of alcohol use disorders and
nicotine dependence among pathological gamblers are 73% and 60%, respectively (Petry,
Stinson & Grant 2005; see also Kessler et al. 2008).

Alcohol use and smoking are also closely linked with one another. For example,
epidemiological data indicate that 30% of the general population has a problem with alcohol
over their lifetimes (Hasin et al. 2007), and 50% of the population smokes over their
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lifetimes (Dawson 2000). Among individuals with lifetime alcohol problems, even those
without diagnosed conditions, the rates of lifetime smoking are extraordinarily high, and
between 62% and 88% of heavy drinkers smoke (Substance Abuse and Mental Health
Services Administration 2004; Stuyt 1997; Hurt et al. 1996; Batel et al. 1995; DiFranza &
Guerrera 1990).

Problem gamblers (i.e., individuals with subthreshold diagnostic criteria and those with a
diagnosis of pathological gambling) have high rates of both alcohol use and smoking when
each substance use problem is assessed individually (Kessler et al. 2008; Petry, Stinson &
Grant 2005). However, the combined prevalence rate of both drinking and smoking, and the
prevalence of one substance use problem without the other, has not been examined explicitly
in problem gamblers to date. Further, the mechanisms underlying the high rates of
comorbidy across addictive disorders are not fully understood (see Funk, Marinelli & Lê
2006; Little 2000 for reviews).

A common feature shared by all three of these conditions that might help explain high rates
of comorbidity is impulsivity. Impulsivity can be operationally defined in terms of
preference for the smaller more immediate reward over the larger more delayed reward
(Logue 1988), and it can be measured via delay discounting (Green & Myerson 2004). The
term delay discounting is used to refer to the decline in the subjective value of a reward as a
function of the delay to its occurrence. Discounting data are well described by hyperbolic
functions (Green & Myerson 2004; Mazur 2001; Kirby 1997), such as the following model
proposed by Mazur (1984)

(1)

where V is current value of a future reward, D is the delay to reward delivery, A is the
undiscounted value of a reward, and k is a free parameter that determines how steep the
value of a reward decreases with the passage of time. The higher the discounting rate is, the
faster the subjective value of an outcome decays with the passage of time, and thus the more
likely the individual will choose the smaller more immediate outcome.

The discounting rate (k in the equation) reflects how decision making is impacted by
immediacy, and this parameter is viewed as an impulsivity index. It has been extensively
studied within the context of addictive disorders and is conceptually similar across types of
addictions. Alcohol dependent individuals, for example, repeatedly select the relatively
immediate and short-term effects produced by alcohol intoxication, such as euphoria, or
removal of withdrawal symptoms, over the more important delayed consequences produced
by sobriety, such as better health, jobs, and social relationships. A similar analogy can be
made for smoking, in which the short-term positive effects, including social benefits for
those initiating smoking and relief from withdrawal for those physiological dependent on
nicotine, are chosen over the long-term health benefits of not smoking. Likewise, individuals
with gambling problems wager for the relatively brief positive potential outcomes associated
with gambling (e.g., rush, chances of winning), over long-term consequences of not
gambling (e.g., having more money and better relationships).

Robust evidence shows that cigarette smokers (e.g., Sweitzer et al. 2008; Reynolds et al.
2004; Bickel, Odum & Madden 1999) as well as individuals with alcohol use disorders
(Dom et al. 2006; Mitchell et al. 2005; Bjork et al. 2004; Petry 2001), discount at higher
rates than nonsubstance using controls. Even in less severe populations such as college
social drinkers, higher discounting rates have been observed in individuals who drink
heavily relative to light drinkers (Vuchnich & Simpson 1998). Problem and pathological
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gamblers also discount delayed rewards at higher rates than non-problem gambling controls
(Ledgerwood et al. 2009; Alessi & Petry 2003; Dixon, Marley & Jacobs 2003; Petry 2001;
Petry & Casarella 1999).

Some data suggest that the presence of more than one addictive problem is associated with
increased delay discounting rates relative to having only one addiction. To date, these data
are derived from individuals with gambling and substance use problems (Andrade & Petry
2012; Petry 2001; Petry & Casarella 1999). For example, Petry (2001) evaluated the delay
discounting rates of pathological gamblers with and without substance use problems and
non-problem gambling, non-substance using controls. Pathological gamblers with substance
use problems discounted at higher rates than pathological gamblers without substance use
problems, who in turn discounted at higher rates than controls. Conversely, in a sample of
controls and substance abusers who were divided into those with and without gambling
problems, those with the dual problems had the highest discounting rates, those with only
substance use problems had intermediary discounting rates, and those with neither gambling
nor substance use problems had the lowest discounting rates (Petry & Cassarela 1999).

Although k values seem to increase with the number of addictive disorders experienced, no
known studies have examined the impact of smoking on these associations. The additive
effect of substance use and gambling problems may relate to their co-morbidity with
smoking status, which was not evaluated in the above studies. Because smoking is related to
high rates of discounting (Sweitzer et al. 2008; Reynolds et al. 2004; Bickel, Odum &
Madden 1999), it may have independent or additive effects on discounting in problem
gamblers with and without alcohol problems.

The purpose of this study was to examine the main and interactive effects of alcohol
problem and smoking status on delay discounting in problem gamblers. In this group of
problem gamblers, high prevalence rates of both smoking and alcohol problems were
anticipated. We hypothesized that alcohol and smoking status may have an additive effect
on discounting rates. Given that so few problem drinkers have no histories of smoking, we
also anticipated that this group, while expected to be small, may have protective
mechanisms related to discounting.

Method
Participants

Participants (n = 323) were drawn from randomized clinical trials of brief interventions for
problem and pathological gamblers (Petry et al. 2008; Petry, unpublished data). Recruitment
occurred between 1999 and 2005 at substance abuse treatment and medical clinics, and
through advertisements. A screening questionnaire containing the South Oaks Gambling
Screen (SOGS; Lesieur & Blume 1987), along with items about recent gambling activities
and demographic information, was administered. Individuals were invited to participate in
the study if they (1) were 18 years of age or older; (2) gambled at least four times and spent
a minimum of $100 gambling in the last two months; and (3) scored at least 3 on the SOGS.
Participants were ineligible to participate if they (1) had past-month psychotic symptoms or
suicidal intention; (2) had reading-level skills below fifth grade; or (3) expressed interest in
more intense gambling treatment than the one offered in the clinical trial. Prior to the
initiation of the study, individuals who met inclusion criteria provided written informed
consent approved by the University of Connecticut Health Center Institutional Review
Board.
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Assessments
After providing informed consent, patients completed a series of questionnaires in which
information about demographics, gambling severity, smoking status, and substance use
histories and treatment were collected. Additionally, delay discounting questionnaires were
administered.

The Addiction Severity Index (ASI, McLellan et al. 1985), containing an additional section
on gambling (ASI-G), assessed severity of problems across eight domains: medical,
employment, gambling, alcohol, drug use, legal, social, and psychiatric. A composite score
ranging from 0 to 1, with higher values indicating greater problem severity, was derived for
each domain. Both the ASI and ASI-G subsection have satisfactory reliability and validity
(Petry 2007, 2003; Leonhard et al. 2000; Lesieur & Blume 1992, 1991; McLellan et al.
1985).

The SOGS evaluated severity of problems associated with gambling. The SOGS is a 20-item
assessment with well established psychometric properties (Stinchfield 2002; Lesieur &
Blume 1987). Scores range from 0 to 20, with scores of 5 or higher reflecting probable
pathological gambling, and scores of 3–4 indicating problem gambling (e.g., Bondolfi et al.
2008; Wiebe & Cox 2005; Stinchfield 2002; Volberg & Steadman 1988; Lesieur & Blume
1987).

Delay Discounting Questionnaire
Kirby and colleagues (Kirby, Petry & Bickel 1999; Kirby & Marakovic 1996) developed a
questionnaire comprised of 27 questions, each involving a choice between a smaller
monetary amount delivered now versus a larger monetary amount delivered at a later point
in time. Reward amounts and delays ranged from $11 to $85, and from 7 days to 186 days,
respectively. A small ($25–$35), a medium ($50–$60), and a large ($75–$85) magnitude
range of monetary values, containing nine questions each, were used for the larger more
delayed alternative. Refer to Kirby, Petry, & Bickel (1999) for complete listing of the
questions and a more thorough description of the method used to estimate discounting rates,
which is briefly outlined below.

Delay discounting estimation procedure
Equation 1 estimated the discounting rates (k) based on the indifference points—that is, the
point in which the subjective value of the smaller sooner alternative is assumed to be equal
to the larger more delayed alternative. After solving for k in the equation, the delay and
magnitude values associated with each pair of choice alternatives lead to nine indifference k
values: 0.00016, 0.00040, 0.0010, 0.0025, 0.0060, 0.016, 0.041, 0.1, and 0.25. Each of these
nine indifference k values were associated with small, medium, and large monetary values
used for the larger delayed alternative (described above), and defined the ranges of values
from which participants’ responses were analyzed.

Participants’ delay discounting rates were inferred to be larger or smaller than the
indifference k value associated with a given pair of choice alternatives, based on the choices
for the smaller sooner or larger later alternative, respectively. Two questions were extracted
from the questionnaire to serve as examples: (1) “Would you prefer $40 today, or $55 in 62
days?” (2) “Would you prefer $34 today, or $50 in 30 days?” The indifference k value
associated with questions (1) and (2) is 0.060 and 0.16, respectively. Therefore, if a
participant selected the smaller sooner alternative in (1) and the larger more delayed
alternative in (2), it is inferred that participant’s k was > 0.060 and < 0.16, and the geometric
mean of these values was used as the discounting rate. We analyzed participant’s choice
pattern and assigned the k value that was most consistent across the 27 questions.
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Consistency was defined as proportion of choices compatible with each possible k value. In
cases in which participants’ response pattern was compatible with more than one k value, we
used the arithmetic mean; when participants exclusively selected the smaller or larger
alternative, we assigned the lowest or highest k endpoint values, respectively (i.e., 0.00016
or 0.25).

Categorization of alcohol problem history and smoking status
Because the primary studies (Petry et al. 2008; unpublished data) did not diagnose nicotine
dependence or alcohol use disorders, we categorized participants into those with and without
a lifetime history of alcohol problems and smoking. Specifically, participants were asked if
they ever received inpatient or outpatient treatment for alcohol use, and if they ever had a
“significant problem” with alcohol. Those who endorsed either question affirmatively were
classified as having an alcohol problem. In total, 149 (46.13%) individuals were categorized
as having a history of alcohol problems; of these, 86 (57.7%) reported receiving treatment
for alcohol, whereas the remaining 63 (42.3%) did not. These rates of alcohol problems are
consistent with the prevalence rates of alcohol use diagnoses reported in other samples of
problem gamblers (Kessler et al. 2008; Ibáñez et al. 2001; Bondolfi, Osiek & Ferrero 2000;
Cunningham-William et al. 1998; Ramirez et al. 1983). Moreover, epidemiological data
indicate that over half of individuals with alcohol use disorders never seek treatment for
alcohol (Substance Abuse and Mental Health Services Administration 2009; Hasin et al.
2007; Dawson et al. 2006; Regier et al. 1993), consistent with rates of non-treatment seeking
for alcohol use problems in our sample.

Participants were also asked if they ever smoked cigarettes daily. A total of 275 participants
reported a lifetime history of daily smoking. In total, four groups were created: never
smokers with no history of alcohol problems (n=35), ever smokers with no history of
alcohol problems (n=139), never smokers with a history of alcohol problems (n=13), and
ever smokers with a history of alcohol problems (n= 136).

Data Analytic Procedure
Baseline characteristics among these four groups were evaluated using analyses of variance
(ANOVA) for continuous variables and chi-square tests for categorical data. When
ANOVAs revealed significant differences among groups, post-hoc t-tests (Least significant
difference, LSD) were used to compare differences between each group in relation to the
others. Years of education, income, ASI subscale scores, and delay discounting rates were
not normally distributed. Because parametric statistics require normality, these variables
were log-transformed before the statistical tests were conducted.

General Linear Model Univariate Analysis of Variance (UNIANOVA) evaluated the
relationship between smoking and alcohol use problem status, and their interaction, on delay
discounting rates. Delay discounting rates (log transformed) were included as the dependent
variable, and history of alcohol and smoking problems were included as independent
variables in the model (i.e., a two-way factorial design). Other non-overlapping variables
that differed across the alcohol and smoking status groups were also included in the model:
race, gender, log-transformed years of education, and log-transformed ASI gambling, drug
and psychiatric scores. SOGS scores were not included as a covariate in the model because
they were highly correlated with ASI gambling scores (p <.001), and other variables were
also excluded due to high correlations with other covariates (e.g., education, income and
ASI employment scores were all highly correlated, ps < .001). All analyses were conducted
on SPSS for Windows (v. 15).
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Results
Table 1 depicts baseline and demographic characteristics of problem gamblers by history of
alcohol problems and smoking. The groups differed with respect to race, and post-hoc tests
found that never smokers (regardless of alcohol problem status) were more likely to be
Caucasian and less likely to be African American and Hispanic than ever smokers. Never
smokers also scored lower on the SOGS, and they had more years of education and higher
salary than ever smokers. In regards to ASI scores, differences among the groups were noted
on most domains. Ever smokers (regardless of alcohol status) scored higher than never
smokers on the employment and drug use scales. Never smokers with no history of alcohol
problems scored lower than smokers on the gambling scale; ever smokers who also endorsed
alcohol problems scored higher than participants who did not endorse alcohol problems on
the medical subscale of the ASI. In addition, ever smokers with histories of alcohol
problems scored higher than the other groups on the psychiatric section, whereas ever
smokers without histories of alcohol problems scored lower on the alcohol section. Those
with histories of both alcohol problems and smoking had also been treated for substance use
problems more often than those with no histories of alcohol problems.

After including race, gender, years of education, and ASI gambling, drug, and psychiatric
scores in the model (with the continuous variables log transformed), UNIANOVA revealed
significant effects of history of alcohol problems status on logged discounting rates, F (1,
305) = 4.20, p = .04, and a significant interaction between smoking and alcohol problem
status, F (1, 305) = 6.21, p =.01. No significant main effect of smoking status on discounting
rates were observed, F (1, 305) = 1.03, p = .31. The analysis was also run excluding the
covariates. The effects of history of alcohol problems and the interaction between smoking
and alcohol problems on logged delay discounting remained significant (ps < .05, data not
shown).

Figure 1 depicts the median discounting rates across groups. The median (interquartile (IQ))
discounting rate of ever smokers with and without histories of alcohol problems were 0.04
(0.13) and 0.04 (0.11), respectively. The median (IQ) discounting rates of never smokers
with and without histories of alcohol problems were 0.01 (0.02) and 0.04 (0.11),
respectively.

Discussion
The purposes of this study were to assess discounting rates of problem gamblers with and
without histories of alcohol problems and smoking and to examine possible interactive
effects that these addictions may have on delay discounting rates. Analyses revealed effects
of history of alcohol problems, and an interaction between smoking and alcohol problem
status, on delay discounting in problem gamblers. Never smokers with a history of alcohol
problems discounted the value of money more slowly than ever smokers with, and both ever
and never smokers without, histories of alcohol problems. The lower rates of discounting in
never smokers with a history of alcohol problems suggest that these individuals are less
impulsive—at least on this index—than the other groups of problem gamblers.

In this sample, almost half of the treatment-seeking gamblers reported having alcohol
problems at some point in their lives. Of these, the overwhelming majority (91%) also
reported having a history of smoking. Such rates are in line with previous epidemiological
studies showing strong association between alcohol and nicotine use (e.g., Hasin et al. 2007;
Falk, Yi & Hiller-Sturmhöfel 2006; Dawson 2000), as well studies showing the association
of these substance use problems with gambling problems (Kessler et al. 2008; Petry, Stinson
& Grant 2005).
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Very few individuals who had developed gambling and alcohol problems in this sample
never smoked. Lower discounting rates in this group may imply that these individuals were
protected, in the sense of being less susceptible to developing comorbid smoking problems.
Evidence stemming mainly from nonhuman experiments supports the view of discounting as
a marker for developing substance use problems, and suggests that higher discounting
precedes drug acquisition. For instance, rats categorized as highly impulsive for food in a
delay discounting procedure later self-administered greater amounts of cocaine and alcohol
than their less impulsive counterparts (Perry, Nelson & Carroll 2008; Perry et al. 2005;
Poulos, Le & Parker 1995). Prospective studies are needed to verify the external validity of
these findings and the relation to the development of various addictive problems in humans.

Because earlier studies conducted in problem gamblers and substance abusers have shown
that k values increase with the number of addictive disorders (Andrade & Petry 2012; Petry
2001; Petry & Casarella 1999), we anticipated that gamblers with neither alcohol nor
smoking problems would exhibit the lowest rates of discounting among all the four groups.
Although this effect was not observed, significant interactive effects of smoking and alcohol
status were noted. Given the high prevalence rates of smoking and alcohol use problems in
gamblers observed here and elsewhere (Kessler et al. 2008; Petry, Stinson & Grant 2005),
our results suggest that the small minority of problem gamblers with alcohol use problems
who do not smoke may be unique and may have different pathways toward developing
addictions, in which delay discounting impulsivity may be less prognostic.

Numerous studies show that smokers discount at higher rates than non-smokers (e.g.,
Sweitzer et al. 2008; Reynolds et al. 2004; Bickel, Odum & Madden 1999; see Reynolds
2006 for a review), and many studies have demonstrated that substance abusers discount at
higher rates than non-substance users (see Yi, Mitchell & Bickel 2010; Reynolds 2006; and
Bickel & Marsch 2001, for reviews). However, no known studies have evaluated the
additive impact of smoking status on discounting rates in individuals with other addiction
problems. Because so many individuals with substance use problems also have smoking
histories, evaluation of the impact of smoking status on discounting rates is important. The
lack of a main effect of smoking status on delay discounting rates in the current study
suggests that smoking status is not associated with further increases in discounting rates
among those with other addiction problems.

There are some limitations in the current study that must be considered in interpreting the
findings. First, the experimental design does not allow one to assess the direction of the
association between discounting rates and substance use, or if this association is a function
of other variables that may be confounded with histories of alcohol problems and smoking
status. Secondly, alcohol use disorders and smoking dependence were not diagnosed in this
study, and different results may have arisen if formal diagnostic criteria were employed.
Thirdly, the subgroups of never smokers, especially never smokers with histories of alcohol
problems, were small. Distinctions between current and former smokers, and between
current and former alcohol problems, were not made because such subgroups would be even
smaller. Finally, the lack of a control group without gambling problems might have
truncated the range of discounting overall, making the detection of group differences based
on histories of alcohol and smoking status less discernable.

Strengths of this study include the large overall sample size and broad inclusion criteria,
designed to increase the generalization of the findings. This is the first study to evaluate the
additive effect of smoking status on the delay discounting rates of individuals with one or
more addiction problems. The results of this study shed some light on the main and
interactive effects of alcohol problems and smoking status on discounting rates in
individuals with gambling problems. First, smoking status did not lead to additive effects on
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discounting in individuals with one or more other addiction problems. Second, never
smokers with a history of alcohol problems discounted delayed money more slowly than the
other groups of problem gamblers. Although the sample size of this group was small, these
intriguing results suggest that more research should be directed toward understanding the
role of discounting in unique subpopulations of individuals with addictive disorders who
managed to refrain from using the most commonly abused substance—nicotine.
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Figure 1.
Delay (k value) discounting parameters. Median values obtained by ever smokers (filled bar)
and never smokers (unfilled bar) with and without history alcohol problems. To enhance
interpretability of the results, values are shown in their natural form.
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