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Abstract

Numerous studies show that individuals with substance use and gambling problems discount
delayed and probabilistic outcomes at different rates than controls. Few studies, however,
investigated the association of discounting with antisocial personality disorders (ASPD), and none
evaluated whether sex impacts these relationships. Because females with ASPD exhibit different
patterns of antisocial behavior than their male counterparts, they may also differ in their decision-
making tendencies. This study examined the effects of ASPD and sex on discounting in
pathological gamblers. Results revealed effects of ASPD, and an interaction between ASPD and
sex, on probability discounting rates. None of these variables, however, were related to delay
discounting. Females with ASPD highly preferred probabilistic outcomes, suggesting that female
gamblers with ASPD are particularly impulsive when it comes to probabilistic rewards. Greater
understanding of sex differences in ASPD might help guide the selection of more effective sex-
specific prevention and treatment programs.
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Delay discounting is the behavioral process by which the subjective value of an outcome is
reduced as a function of time. Delay discounting is viewed as an impulsivity measure
reflecting how decision-making is impacted by immediacy. High delay discounting (i.e.,
steep discounting rates) indicates quick subjective devaluation of an outcome as a function
of time, and thus reflects smaller controlling effect of a delayed outcome on the behavior of
an individual. This concept might help explain irrational impulsive decisions such as when
individuals repeatedly choose smaller immediate outcomes over larger more delayed
outcomes. For instance, pathological gamblers might devalue outcomes associated with
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gambling abstinence (e.g., having more money and better family relationships), because
these outcomes are usually delayed, whereas outcomes associated with gambling activities
(e.g., chances of winning, thrill) are more immediately available.

An extensive body of literature has demonstrated that individuals with substance use
disorders and pathological gambling discount delayed outcomes more steeply (i.e., they are
more impulsive) than those without these addictive problems (see Bickel & Marsch, 2001;
MacK:illop et al., 2011; and Reynolds, 2006, for reviews). Further, individuals presenting
with comorbid substance use and gambling problems discount more steeply than those
presenting with a single disorder (Andrade & Petry, 2012; Petry, 2001; Petry & Casarella,
1999).

Another behavioral process that is theoretically linked to substance use disorders, and
pathological gambling in particular, is probability discounting. Probability discounting refers
to the process by which the subjective value of an outcome decreases as a function of the
odds against receiving it. Low probability discounting (i.e., shallow discounting rates)
indicates greater subjective value for probabilistic outcomes. Theoretically, it is a behavioral
index reflecting another dimension of impulsivity—the tendency to take risks. Compared to
delay discounting, probability discounting has been less systematically investigated, and the
findings are less robust. Some data suggest that individuals with substance abuse or
gambling problems discount probabilistic events at different rates than non-substance abuse
non-gambling controls (Holt, Green, & Myerson, 2003; Madden, Petry, & Johnson, 2009;
Reynolds, Richards, Horn, & Karraker, 2004), but these findings have not been consistently
observed (Mitchell, 1999; Ohmura, Takahashi, & Kitamura, 2005; Shead, Callan, &
Hodgins, 2008).

A psychiatric condition that is highly prevalent in individuals with substance use disorders
and pathological gambling, and also linked to impulsive behaviors, is antisocial personality
disorder (ASPD) (APA, 2000). Petry (2002) reported that substance abusers with ASPD
discount delayed rewards significantly more steeply than substance abusers without ASPD,
who in turn discount more steeply than non-ASPD non-substance abusing controls.
However, these results were not replicated in two recent studies. Sargeant et al. (2012)
compared delay discounting rates among substance abuse inpatients with and without ASPD
and found no differences between the groups. Likewise, Swann et al. (2009) found no
differences in impulsive choices in males on probation based on ASPD status. These
discrepancies may be due to methodological differences across studies. All used different
tasks to measure impulsive choices and involved widely diverging ranges of reinforcement
amounts and delay intervals. Swann et al. (2009), for example, had participants choose
between receiving 5 cents after a 5-sec delay and 15 cents after a 15-sec delay. In Petry
(2002), participants made a series of hypothetical choices on which reward delays and
amounts ranged from 6 hours to 25 years, and from $100 to $1000 dollars. Sargeant et al.
(2012) also had participants make hypothetical choices, but relative to Petry (2002), reward
amounts were smaller ($11-$85) and delays were shorter (7 to 186 days). Thus, the
association between ASPD and delay discounting is not well understood, and no study has
evaluated the relationship between ASPD and probability discounting. In theory, persons
with ASPD should be impulsive with respect to probabilistic decisions as defining features
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of ASPD include reckless disregard for safety of self or others, and failure to plan ahead and
conform to social norms.

Antisocial personality disorder, pathological gambling, and substance use disorders are
highly comorbid. The prevalence rates of these conditions, however, are substantially higher
in males than females (Kessler et al., 2008; Petry et al., 2005; APA, 2000), and sex
differences are particularly pronounced with respect to ASPD, for which the ratio of cases
for men to women is 3:1 (APA, 2000). As a result, most research on this condition has
focused on males, and relatively little is known about ASPD in females (Cale & Lilienfeld,
2002). Some studies indicate the existence of sex differences with respect to psychiatric
comorbidity and psychosocial functioning in persons with ASPD (see Cale & Lilienfeld,
2002 for a review). For example, ASPD is a risk factor for substance use disorders (e.g.,
Hesselbrock, Meyer, & Keener, 1985), but females with ASPD are even more vulnerable to
developing substance use disorders than males with ASPD (Grant et al., 2004; Lewis, &
Bucholz, 1991).

Among samples of substance abusers with ASPD, males are more likely to engage in
aggressive behaviours, such as setting fires, initiating fights, and being cruel to animals,
whereas females are more likely to run away without returning home, to lack remorse, to be
impulsive, and to behave irresponsibly as parents (Cottler, Price, Compton, & Magers, 1995;
Goldstein et al 1996, Mikulitch-Giverston et al., 2007). Among patients undergoing
treatment for substance use disorders, higher prevalence rates of lifetime anxiety, mood, and
other personality disorders were found among females with ASPD compared to their male
counterparts (Goldstein, et al., 2007). Further, females with ASPD report experiencing
greater rates of lifetime adverse events, such as growing up with a parent with substance use
problems, and they present with overall greater disability than males with ASPD (Alegria et
al., 2013). Taken together, these data suggest that sex differences exist in terms of ASPD
phenomenology and severity.

Regarding sex differences in terms of discounting, some studies have found no relationship
between sex and discounting (e.g., de Wit et al., 2007), but others have shown that males
discount delayed outcomes more steeply than females (e.g., Kirby & Marakovic, 1996;
Petry, Kirby, & Kranzler, 2002). Because females with ASPD exhibit different patterns of
antisocial behaviour and psychiatric comorbidity than their male counterparts, they may
differ in their decision-making tendencies regarding delayed and probabilistic outcomes.

To summarize, the association between ASPD, addictive behaviors, and discounting is not
well delineated, and the influence of sex on these relationships have not been evaluated. The
present study was designed to examine the main and interactive effects of ASPD and sex on
delay and probability discounting. The sample was comprised of individuals with
pathological gambling, a psychiatric condition that is highly comorbid with ASPD.
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This study analyzed data from 226 treatment-seekers participating in a randomized clinical
trial investigating treatments for pathological gambling (Petry, et al., 2006). Individuals
were included in the study if they met the criteria for pathological gambling according to the
Diagnostic and Statistical Manual for Mental Disorders (DSM-1V; APA, 2000), gambled
during the preceding 2 months, were at least 18 years of age, and achieved a 5" grade
reading level. Participants were excluded if they were receiving treatment for pathological
gambling, expressed suicidal intent, or reported experiencing psychotic symptoms within the
preceding month. Eligible participants provided informed consent approved by the
University of Connecticut Health Center Institutional Review Board.

Participants completed a three hour interview, during which baseline data were collected
concerning demographics, gambling severity, psychiatric history, and discounting.
Participants were compensated $15 for the interview.

Assessment Instruments

The Structured Clinical Interview for DSM-IV (Grant, Steinberg, Kim, Rounsaville, &
Potenza, 2004) evaluated pathological gambling and ASPD. The South Oaks Gambling
Screen (SOGS) evaluated the severity of gambling problems. The SOGS is a reliable and
valid (Lesieur & Bloom, 1987; Stinchfield, 2002) 20-item instrument, with scores exceeding
4 indicating pathological gambling.

The Addiction Severity Index (ASI; McLellan et al., 1985) assessed problems within seven
domains of functioning: medical, employment, alcohol, drug, legal, family, and psychiatric.
An additional subscale evaluating gambling behaviour (ASI-G) was included in the
assessment. Scores on ASI subscales range from 0 to 1.0, with higher scores indicating
greater degrees of problem severity during the previous 30 days. Studies demonstrate that
both the ASI and ASI-G have adequate psychometric properties (Leonhard et al., 2000;
Lesieur & Blume, 1991, 1992; McLellan et al., 1985; Petry 2003, 2007). The Timeline
Follow-Back method (Sobell & Sobell, 1992) assessed frequency and intensity of gambling
behaviour during the preceding month. The assessment is valid and reliable (Fals-Stewart,
O’Farrell, Freitas, McFarlin, & Rutigliano, 2000; Petry, 2003; Weinstock, Whelan, &
Meyers, 2004), and involves the use of calendar prompts to elicit recent past gambling
behaviors.

Probability discounting questionnaire

Probability discounting was assessed using a questionnaire (Madden et al., 2009) containing
hypothetical choices between a smaller certain monetary amount and a larger probabilistic
alternative. For instance, participants were asked “Would you prefer $20 for sure, or a 2-in-4
(50%) chance of winning $80?” The questionnaire was divided into three sections, each
comprised of 10 questions. Within each section, the monetary values of the smaller and
larger options were fixed, but the probabilities of obtaining the latter option varied.
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Specifically, the values were $20 versus $80 in section 1, $40 versus $100 in section 2, and
$40 versus $60 in section 3. The probabilities associated with the larger option ranged from .
10 to .83, .18 t0 .91, and .40 to .97 across the three sections, respectively. The reader is
referred to Madden et al. (2009) for the full list of items and additional details describing the
probability discounting estimation procedure.

Probability discounting procedure

Equation 1 was used to characterize probability discounting (Rachlin, Rainery, & Cross,
1991).

V——A 1
" 1+h0 S

In this equation, V represents the discounted value of a reward. The amount of the reward is

represented by A, the odds against winning the reward (i.e., 1 — p/p) is represented as 0, and
his a free parameter determining the probability discount rate.

This equation was used to estimate participants’ probability discount rate (h in the model)
based on their indifference point in the questionnaire, that is, the point at which the
subjective values of both choice options are equal. To estimate the discount rate yielding
indifference, the parameter values of each pair of choice alternatives were substituted for the
terms in this equation and used to solve for h. This procedure leads to indifference h values
associated with each pair of choice alternatives, which are used to define the range of values
from which participant’s discount rate is estimated.

To illustrate, consider the following two questions from the questionnaire:
1. Would you prefer $20 for sure, or a 1-in-5 chance (20%) of winning $80?
2. Would you prefer $20 for sure, or a 1-in-4 (25%) chance of winning $80?

The h-values at indifference associated with these two pairs of choices are.0.75 and 1.0,
respectively. Therefore, if a participant chooses the smaller certain option for the first
question, but then switches to the larger option for the second question, we assume that
his/her indifference point lies between these two h values. We therefore use the geometric
mean of these values (in this case, 0.866) as an estimate of the participant’s discount rate.
When participants’ choices indicated more than one h-value, the discount parameter most
consistent with their responses was selected based on the proportion of responses supporting
each value. Participants who selected either the certain or the probabilistic outcome
exclusively were respectively assigned the lowest (h = 0.33) or highest (h = 16.17) possible
h-values on the questionnaire.

Delay discounting questionnaire

Delay discounting was assessed with the questionnaire developed by Kirby and colleagues
(Kirby & Marakovic, 1996; Kirby et al., 1999), which is comprised of 27 questions divided
into three sections. Each question contained a hypothetical choice involving a smaller
monetary amount available immediately (S) and a larger one delayed by x number of days

Psychol Rec. Author manuscript; available in PMC 2015 December 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Andrade et al. Page 6

(L). The delay interval between S and L ranged from 7 to 186 days and the hypothetical
reward amounts varied between $11 and $85. Each section of the questionnaire offered a
different range of values for the L option, specifically, $25-$35, $50-$60, and $75-$85.

Delay discounting procedure
Equation 2 characterized delay discounting using the method described by Mazur (1984):

A

V=
itkp @

Here, the delay discount parameter is represented by the constant k, which determines how
sharply the subjective value of A declines as a function of delay D. This equation was used
to estimate each participant’s delay discount rate (k) based on their responses on the
questionnaire, following the procedure outlined by Kirby and Marakovic (1996) as well as
Kirby, Petry, and Bickel (1999). Similar to the probability discounting estimation procedure
described above, the point at which participants switched from one alternative to the other
provided the range of values within which their k-values were estimated. The discount
parameter that was most consistent with their preferences throughout the questionnaire was
then selected following the same method described for probability discounting. Participants
who selected the S or L payoff exclusively were respectively assigned the highest (k = .25)
and lowest (k = .0016) possible values of k on the questionnaire.

Data Analysis

Baseline characteristics among male and female pathological gamblers with and without
ASPD were compared using chi-square tests for discrete variables, and analysis of variance
(ANOVA) for continuous variables. Variables that were not normally distributed (income,
money spent on gambling in the past month, and probability (h), and delayed (k) discounting
rates) were log transformed prior to analyses. When ANOVAs revealed significant
differences among groups, least significant difference (LSD) post-hoc tests were used to
analyze differences between each group with respect to the others.

Two Univariate Analysis of Variance tests (UNIANOVA) examined the association
between ASPD status with rates of probability and delay discounting. Non-overlapping
baseline variables that differed based on ASPD status were included as covariates in the
model: education, age, and ASI gambling and drug scores. Analyses were adjusted for
unequal group sizes using a conservative approach described by Overall and Spiegel (1969).
Analyses were conducted using SPSS, and p values < .05 were considered statistically
significant.

Results

Baseline characteristics of pathological gamblers by ASPD status and sex are presented in
Table 1. The following four groups were formed: males without ASPD (n = 101), females
without ASPD (n = 89), males with ASPD (n = 26), and females with ASPD (n = 10). These
groups differed with regards to employment, marital status, age, years of education, number
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of endorsed DSM criteria for pathological gambling, days gambled past month, and ASI
medical, drug, legal, and gambling scores. Regardless of ASPD status, females were less
likely to be employed compared to men. Males and females with ASPD were less likely to
be married than those without ASPD. Post hoc tests revealed that females without ASPD
were older than the gamblers from the other groups. Females with ASPD had fewer years of
education than both sexes without ASPD, but no difference was found relative to males with
ASPD. Both males and females with ASPD endorsed more DSM gambling criteria than both
groups without ASPD.

In regards to ASI scores, females with ASPD scored higher than the other groups on the
medical and drug scales. Males with ASPD scored higher than males without ASPD on the
gambling scale, but no differences were observed among the other groups. Males with
ASPD scored higher than females with and without ASPD on the legal section of the ASI.
Lastly, gamblers with ASPD, regardless of sex, gambled more days in the past month than
gamblers without ASPD.

A UNIANOVA evaluated the association between ASPD status and logged probability
discounting rates. The model included independent variables that were not significantly
correlated and that differed between patients with and without ASPD: sex, age, years of
education, ASI gambling scores, and ASI drug scores. Marital status, employment, and ASI
medical and legal scores were omitted from the analysis because they were collinear with
other variables. All the gambling severity indices were significantly correlated so only one
was included (ASI gambling scores) in the model. Sex was entered into the model as a fixed
effect and the others as covariates. Neither sex nor any of the covariates were significantly
associated with logged probability discounting rates, all ps > .21. However, ASPD status
was significantly related to logged probability discounting rates, F(1, 218) = 4.59, p = .03,
and a significant interaction between ASPD status and sex was observed, F(1, 218) = 4.03, p
=.04. Figure 1 depicts the probability discounting rates based on ASPD status and sex.
Among gamblers without ASPD, the mean (SE) h-value was 1.29 (0.33) for males and 1.50
(0.36) for females. Among gamblers with ASPD, the mean h-value was 1.24 (0.65) for
males and 0.65 (1.06) for females.

A second UNIANOVA evaluated the association between ASPD status and logged delay
discounting rates, using the same independent variables as the model described above. Delay
discounting rates were negatively associated with education, F(1, 218) = 5.42, p < .02, and
positively associated with ASI gambling scores, F(1, 218) = 6.34, p < .01. However, no
other variables, including ASPD status, sex, and the interaction between sex and ASPD
status, were related to delay discounting, all ps > .28. Figure 2 depicts k-values for
participants with and without ASPD based on sex. The mean (SE) delay discounting rates
for male and female gamblers without ASPD were 0.024 (0.007) and 0.023 (0.008),
respectively. For males and females with ASPD the respective rates were 0.039 (0 .014) and
0.023 (0.023).
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Discussion

A significant main effect of ASPD status, and an interaction between sex and ASPD status,
emerged in terms of discounting rates for probabilistic rewards. Females with ASPD
discounted probabilistic monetary outcomes at a lower rate than males with ASPD, and at a
lower rate than individuals of both sexes who did not have an ASPD diagnosis. Because
lower discounting rates reflect greater subjective value for probabilistic outcomes (i.e.,
greater tendency to take risks), these results indicate that female pathological gamblers with
ASPD are particularly impulsive when it comes to preferring probabilistic rewards. These
results are consistent with those from epidemiological and substance abuse treatment
samples (Alegria et al., 2013; Goldstein, et al., 1996; 2007; Lewis & Bucholz, 1991) that
suggest females with ASPD exhibit greater severity of psychopathology than their male
counterparts with ASPD, and these findings extend these problem areas to impulsive
probabilistic decisions in female pathological gamblers.

Interestingly, no effects of ASPD or sex were noted in terms of delay discounting. Delay and
probability discounting measure distinct aspects of impulsivity (see Green & Myerson, 2010
for a review), and they are not closely linked (e.g., Andrade & Petry, 2012; Holt et al., 2003;
Myerson et al., 2003; Reynolds et al., 2004). Results from this study similarly found low
correlations between logged probability and logged delay discounting rates, r (226) =
-0.018, p = .78. Although the aspects of impulsivity most closely tied to ASPD are not well
understood, results from this study suggest that probabilistic decisions may be more
impacted by ASPD than decisions about sooner versus more delayed outcomes, at least
among pathological gamblers, and female pathological gamblers with ASPD in particular.

Although this study provides some potentially interesting results with respect to sex
differences and ASPD, the results should be interpreted within the context of a few
limitations. First, no control group of non-pathological gamblers was included. Thus, these
results only relate to individuals who are already known to discount at different rates—
pathological gamblers. Sex differences in ASPD expressions related to these or other aspects
of impulsivity may differ for individuals without a comorbid axis 1 disorder, although few
individuals with ASPD do not have other psychiatric conditions. The lack of a control group
without pathological gambling may also account for the similar delay discounting rates
observed in this investigation. That is, given that whole sample was composed of
pathological gamblers, it is possible that the range of delay discounting rates might have
been restrained, which could potentially make it more difficult the detection of delay
discounting differences based on sex and ASPD status.

Second, the sample size of individuals with ASPD was small, especially when subdivided by
sex. Given the low prevalence rate of this personality disorder in women, only ten women
were identified with ASPD in this sample, and future studies will probably also have
difficulties finding large numbers of women with ASPD. Despite the small number of
females with ASPD in this study, the effect that was observed seems to be robust given that
it was significant with a small sample size. All ten (100%) of the females with ASPD had h-
values below the mean of the other participants in this study and below the mean of non-
substance using, non-problem gambling controls in another study using the same probability
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discounting procedure (Madden et al., 2009). These data suggest that female pathological
gamblers with ASPD exhibit very impulsive choices with respect to preferences for
probabilistically unlikely outcomes.

Despite the small sample of females with ASPD, this study was comprised of an overall
large sample of pathological gamblers. The prevalence rates, and sex distributions, of ASPD
were similar to those reported in other samples of pathological gamblers (Bondolfi et al.,
2000; Petry et al., 2005). Thus, these results are likely generalizable to pathological
gamblers. Established measures of discounting were administered, and discounting rates
were within the ranges of those reported in similar samples using these techniques (e.g.,
Andrade, Alessi, & Petry, in press; Madden et al., 2009).

Gambling may be the prototypical natural expression of probability discounting, so
evaluation of these phenomena in pathological gamblers is a unique strength of this study.
Women appear to have different etiologies and trajectories than men with respect to the
development of gambling problems (Blanco et al., 2006; Grant & Kim, 2002), and sex
differences may be especially pronounced in women with ASPD, who appear to be
particularly inclined toward impulsive probabilistic decisions. A greater understanding of
sex differences in ASPD might ultimately help guide the selection of more effective sex-
specific prevention programs and treatment interventions. For example, women may
respond less well to gambling treatment than men (Petry et al., 2006), and interventions that
focus on increasing impulse control might be useful for women with ASPD.

In substance abuse samples, the broadly defined concept of impulsivity has been found to
predict treatment success (Moeller et al., 2001; Patkar et al., 2004). However, given the
multidimensional nature of this construct, it is not yet completely clear which dimension(s)
account for this relationship, and if this relationship also exists in the context of gambling
treatment. Only one study (Petry, 2012) has evaluated the association between delay and
probability discounting and gambling treatment outcomes, and only the latter form of
discounting was found to be predictive of gambling treatment outcomes. These results are in
line with the current findings suggesting that probability discounting may be a more
sensitive metric of impulsivity than delay discounting among pathological gamblers. Futures
studies could evaluate if probability discounting is also predictive of substance use treatment
success among female patients with comorbid ASPD disorder. Furthermore, future
investigations in this population might also try to replicate the current findings using
different discounting procedures. In this study, we assessed discounting for probabilistic
rewards with exclusive gains, but new studies could assess discounting for losses with
chances of gain, which is a construct that seems more equivalent to gambling.

In summary, females with pathological gambling and ASPD are substantively impulsive
with respect to preferences for high stakes low probability outcomes, but not in terms of
exhibiting an inability to delay gratification. An improved understanding of probability
discounting might help elucidate important and distinct aspects of ASPD and gambling in
both males and females, including prevention programs and treatment interventions.
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Figure 1. Probability discounting values (h)
Mean h estimates obtained by male (white bars) and female gamblers (shaded bars),

presenting with and without antisocial personality disorder (ASPD). Error bars represent
standard errors. The asterisk refers to p < .05. For this figure, h-values were reverted to their
natural scale in order to ease interpretation.
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Figure 2. Delay discounting values (k)
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Mean k estimates obtained by male (white bars) and female gamblers (shaded bars),
presenting with and without antisocial personality disorder (ASPD). Error bars represent
standard errors. For this figure, k-values were reverted to their natural scale to ease

interpretation.
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