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Abstract

Studies have found that a variety of drug dependent groups discount delayed rewards more than
matched-controls. This study compared delay discounting for a hypothetical $1000 reward among
dependent marijuana users, former dependent marijuana users, and matched-controls. Discounting
of marijuana was also assessed in the currently marijuana-dependent group. No significant difference
in discounting was detected among the groups, however currently dependent users showed a trend
to discount money more than the other two groups. Within the dependent marijuana group, marijuana
was discounted more than money, and discounting for money and marijuana were significantly and
positively correlated. Regression analyses indicated that delay discounting was more closely
associated with tobacco use than marijuana use. A variety of questionnaires were also administered,
including impulsivity questionnaires. Dependent marijuana users scored as significantly more
impulsive on the Impulsiveness subscale of the Eysenck Impulsiveness-Venturesomeness-Empathy
questionnaire than controls. However, the three groups did not significantly differ on several other
personality questionnaires including the Barratt Impulsivity Scale-11. The Stanford Time Perception
Inventory Present-Fatalistic subscale was positively correlated with money and marijuana
discounting, indicating that a greater sense of powerlessness over the future is related to greater delay
discounting. Results suggest that current marijuana dependence may be associated with a trend
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toward increased delay discounting, but this effect size appears to be smaller for marijuana than for

previously examined drugs.
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Delay discounting refers to the observation that a consequence’s control over behavior
decreases with increasing delay until the receipt of that consequence. At its core, delay
discounting is an intuitive concept, in that when offered a choice between receiving $1,000
now, versus receiving $1,000 after a 1-year delay, most individuals would prefer the immediate
$1,000. However, by systematically adjusting choices, as in psychophysical experiments, this
intuitive concept becomes a powerful tool for understanding fundamental processes in
decision-making. So, to continue with the example, when faced with the choice between
receiving $900 now versus receiving $1,000 after a 1-year delay, some people may still prefer
the immediate option, but others may prefer to wait for the larger delayed option. Likewise,
when the immediate option becomes $800 now, an even larger proportion of individuals may
prefer the delayed option. By assessing such choices in individuals across a variety of delays,
delay discounting procedures are able to specifically quantify the devaluation of rewards across
delays, which in turn allows for an a index of overall discounting rate. Because the degree to
which an individual discounts by delay is quantified using choice procedures, delay discounting
is considered a behavioral index of impulsivity.

Several studies have shown that drug-dependent individuals discount delayed money rewards
significantly more than matched-control non-dependent individuals. Delay discounting seems
to model a cardinal feature of drug dependence: chronically choosing a smaller immediate
reward (the drug) over larger but delayed rewards (improved health, employment, family life,
etc.). Populations shown to discount significantly more than controls include heroin-dependent
individuals (e.g., Kirby, Petry & Bickel, 1999; Madden, Petry, Badger & Bickel, 1997),
dependent tobacco cigarette smokers (e.g., Baker, Johnson & Bickel, 2003; Bickel, Odum &
Madden, 1999; Johnson, Bickel & Baker, 2007; Mitchell, 1999; Reynolds, 2006), alcoholics
(e.g., Petry, 2001; Vuchinich and Simpson, 1998), and cocaine dependent individuals (.e.g.,
Coffey, Gudleski, Saladin, Brady, 2003; Heil, Johnson, Higgins & Bickel, 2006). In addition
to finding that drug dependent individuals discount money more than controls, several studies
have found that drug dependent individuals discount delayed drugs more than delayed money
(Baker et al., 2003; Bickel et al., 1999; Coffey et al., 2003; Madden et al., 1997; Petry, 2001).
These findings suggest that delay discounting may be fundamentally involved in the process
of drug dependence (Bickel and Johnson, 2003).

The purpose of the present study was to extend the investigation of delay discounting to
dependent marijuana users. The study was conceptualized from a theoretical perspective
assuming that as a drug of dependence, marijuana is similar to other drugs of dependence across
multiple key domains, including having a specific neuropharmacological substrate with ties to
brain reward systems, a characteristic withdrawal syndrome, and the occurrence of frequent
relapse among those in treatment (Budney & Moore, 2002). It was hypothesized, therefore,
that marijuana dependent individuals would show greater delay discounting than matched non-
marijuana dependent participants, similar to findings with other drugs of dependence. Although
group differences for delay discounting between dependent marijuana users and controls have
not been examined, two studies have examined marijuana or delta-9-tetrahydrocannabinol
(THC; the principle active constituent of marijuana) in the context of delay discounting.
McDonald, Schleifer, Richards, and de Wit (2003) found that acute THC administration to
non-dependent marijuana users resulted in no significant changes in delay discounting
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performance. However, the acute effects of a drug on discounting may not necessarily be related
to population differences between dependent users and controls. Kollins (2003) found that age
of first marijuana use was significantly correlated with discounting (earlier use associated with
increased discounting). Again, it is unclear whether these results would suggest group
differences between dependent users and controls.

In addition to a currently dependent marijuana-using group and matched-control nonuser
group, we also examined a matched group of former (dependent) marijuana users. This
provided the opportunity to extend previous results with other drugs showing that former
dependent users discount less than currently dependent users (Bickel et al., 1999; Petry,
2001). The hypothesis in the present study was that if the currently marijuana dependent group
discounted more than non-user controls, then the former marijuana dependent group would
discount less than the currently marijuana dependent group. Participants in all three groups
performed a delay discounting procedure for a $1000 hypothetical monetary reward. Previous
studies have supported the validity of hypothetical-choice methods in delay discounting
(Johnson & Bickel, 2002; Lagorio & Madden, 2005; Madden et al., 2003, 2004). In an attempt
to extend findings with other drugs showing that dependent users discount the drug more than
money (Baker et al., 2003; Bickel et al., 1999; Coffey et al., 2003; Madden et al., 1997; Petry,
2001), discounting for hypothetical marijuana was assessed in the currently marijuana-
dependent group. Our expectation, as with other drugs of dependence (and also other primary
reinforcers; Estle, Green, Myerson & Holt, 2007; Odum & Baumann, 2008; Odum, Baumann
& Rimmington, 2006; Odum & Rainaud, 2003), was that discounting of marijuana would be
significantly greater than discounting of money. Tobacco users made up a roughly equal
percentage of each group. Because tobacco use has been widely associated with increased delay
discounting across several studies, regression analyses explored the relative contribution of
tobacco and marijuana use on delay discounting in the present study. This analysis of tobacco
use, which is known to relate to delay discounting, served to provide a positive control by
which to judge results obtained regarding marijuana use and delay discounting.

Participants also completed a variety of questionnaires and tasks assessing impulsivity and
other domains that may relate to impulsivity, in order to assess their relationship with delay
discounting and/or marijuana dependence. These included two widely used questionnaire
measures of impulsivity, the Eysenck Impulsiveness-Venturesomeness-Empathy
questionnaire (IVE or 17; Eysenck & Eysenck, 1978; Eysenck, Easting & Allsopp, 1985), and
the Barratt Impulsivity Scale-11 (BIS-11; Barratt, 1985; Patton et al., 1995). Beyond
questionnaire measures assessing impulsivity per se, participants completed three tasks
assessing one’s degree of psychological orientation toward the future or future consequences
- the Future Time Perspective (FTP; Wallace, 1956), the Stanford Time Perception Inventory
(STPI; Zimbardo, 1992), and the Consideration of Future Consequences Scale (CFCS;
Strathman, Gleicher, Boninger, & Edwards et al., 1994) - based on the hypothesis that these
measures may assess a similar construct as delay discounting. Based on the hypothesis that
childhood experiences of environmental instability and unpredictability may provide little
experience with delayed reinforcement, and therefore may contribute to increased rates of delay
discounting and drug dependence in adulthood, the Retrospective Family Unpredictability
Scale was also included as a measure (R-FUS; Ross & Hill, 2000; Ross & McDuff, 2008).

Participants

All participants were recruited through local newspaper advertisements and fliers. Criteria for
all three groups were determined before participant recruitment and data collection. The current
and former marijuana-dependent groups were recruited specifically for this study. The non-

using control participants were selected from among volunteers participating in a concurrently

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2011 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Johnson et al.

Procedure

Page 4

running study administering the same measures (Baker et al., 2003). Selection of these control
subjects was based on demographic variables in Table 1 in order to match the other groups.
Outcome measures were completely disregarded in control group selection. Exclusion criteria
for all groups were: age less than 18 years, evidence of a psychiatric disorder within the last
year, having received psychiatric care or taken psychiatric medications within the last year,
self-reported diagnosis of a psychiatric disorder within the lifetime (with the exception of drug
abuse/dependence), evidence of anxiety disorder since age 16 years, suicidal attempts or
ideation in the past year, and currently meeting DSM-IV criteria for drug abuse or dependence
other than for marijuana, tobacco, and caffeine. DSM-IV criteria were determined using
checklists originally developed by Hudziak et al. (1993) and updated from DSM-II1I-R criteria
to DSM-IV criteria. The 30 currently marijuana-dependent participants had to have reported
using marijuana on at least 25 days per month for the last six consecutive months, satisfy three
or more of the DSM-IV criteria for marijuana dependence, not be currently seeking treatment
for their marijuana use, and not be using marijuana to treat a medical condition. The 30 ex-
dependent marijuana users had to satisfy these same criteria via retrospective self-report for at
least six consecutive months of past use, but have reported no marijuana use within the last
year. The 22 control participants had to have reported using marijuana less than 40 times in
the lifetime and not within the last six months. The criteria of 40 uses, which allowed for the
inclusion of individuals who could be considered light experimental users, was determined
before the study began, and was used for the control group because of the high prevalence of
marijuana use relative to other drugs of abuse would make recruitment challenging. Further,
using a control group that consisted of 100% never-users of marijuana might call into question
the normative nature of the control group. We attempted to match the three groups on
demographic and drug use characteristics (Table 1). The only statistical difference detected in
the final sample was that the currently marijuana-dependent individuals had a higher Quick
Test (Ammons & Ammons, 1962) intelligence score than the control group and the ex-
dependent group.

A research assistant initially interviewed potential participants over the telephone. This
interview collected demographic information and screened out substance abuse or psychiatric
disorders. Qualified individuals were invited to participate in the study, which required
attending one 2 — 3 hour session. Participants gave written informed consent for the study,
which was approved by the University of Vermont Institutional Review Board. Participants
were studied individually and received $15 per hour compensation.

Research sessions were conducted individually with each participant. All participants signed
an informed consent form. The currently marijuana-dependent individuals were asked to
specify an amount of marijuana that would be equivalent to receiving $1000.

I want you to imagine that you have a choice between receiving some money and
receiving some marijuana. For the following statement, please fill in the number of
ounces of marijuana that would make the two choices equally attractive to you.
Receiving $1000 right now would be just as attractive as receiving

ounces of marijuana.

After answering the equivalence question, participants were administered the Quick Test
(Ammons & Ammons, 1962) to obtain a measure of intelligence. The participants then
performed the Future Time Perspective tasks I, I, and 11 (Wallace, 1956). The FTP has
previously found that opioid-dependent individuals have a shorter future time perspective than
match control individuals (Petry, Bickel, Arnett, 1998). The FTP generally assesses the how
far into the future one tends to project when answering open-ended questions, and results in
five dependent measures as described by Petry and colleagues. Next, the participants completed

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2011 February 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Johnson et al.

Page 5

the IVE questionnaire (Eysenck and Eysenck (1978). This questionnaire results in three
subscales: Impulsiveness (the degree to which one behaves without thought of risks or
consequences), Venturesomeness (the propensity to behave despite having the knowledge of
possible risks), and Empathy. After this, the participants performed the delay discounting
assessment computer program for money and marijuana (only in the current marijuana group).
All participants also completed a health delay discounting measure similar to the money and
marijuana discounting measures; however, the health procedure failed to yield systematic data
in this study and its data are not shown. The order in which these commodities were examined
was counterbalanced. Participants then completed the BIS-11 questionnaire (Barratt, 1985;
Patton et al., 1995), which results in three factors: non-planning, motor impulsivity, and
cognitive impulsivity. Next, participants completed the STPI questionnaire (Zimbardo,
1992), which provides scores for five different categories of time perspective and their
psychological consequences: future-oriented (planning, focus on the future), past-oriented
(focus on the past), present-hedonic (present focus based on enjoyment), present-fatalistic
(present focus based on a sense of powerlessness over the future), and time press (importance
of time as a resource). Participants then completed the CFCS questionnaire (Strathman et al.,
1994), which results in a single score reflecting the extent to which future consequences are
considered. After this, participants completed the R-FUS (Ross & Hill, 2000; Ross & McDuff,
2008), from which a total unpredictability score was calculated reflecting the extent of
unpredictability in one’s childhood family environment.

Delay Discounting Assessment

Delay discounting was assessed with an interactive computer program written in Visual Basic
© presented on a laptop computer (Johnson & Bickel, 2002). On each trial the participant chose
between two hypothetical options: a smaller immediate reward presented in a rectangle on the
left of the screen, and a larger delayed reward presented in a rectangle on the right of the screen.
For example, one possible set of options was “Receive $500 right away” and “Receive $1000
after waiting 1 month.” Above and centered between the two rectangles was a circle, which
remained green while awaiting the participant’s response. The participant was instructed to
click on the rectangle showing the option he or she would prefer. Upon selection of one of the
two rewards, the circle turned red for 1-second while new choices were presented in the
rectangles. While the circle was red, responses could not be registered. Once the circle was
green again, the participant was free to respond to the next trial.

In order to obtain indifference points, the magnitude of the smaller immediate reward was
adjusted according to a double limit algorithm (Richards, Zhang, Mitchell & de Wit, 1999).
This algorithm adjusted the smaller immediate reward magnitude in $20 blocks across trials
in order to converge on a point of indifference with the delayed $1000 reward. One advantage
of this algorithm is that it functions to confirm previous responses, and therefore safeguards
against any single erroneously registered choice from determining an indifference point.
Indifference points for seven delays until the larger delayed reward were determined in
succession. Delays used were: 1 day, 1 week, 1 month, 6 months, 1 year, 5 years, and 25 years.
A randomly determined half of participants received these delays in ascending order, and the
other half received these delays in descending order. See Johnson and Bickel (2002) for a more
detailed description of the delay discounting computer procedure.

Finally, only for the currently dependent marijuana using group, the delay discounting of
marijuana rewards was assessed with an analogous procedure using amounts of hypothetical
marijuana as the smaller immediate and larger later rewards. The amount of marijuana
subjectively equivalent to $1000 obtained from the participant earlier in the session served as
the larger later reward, and a smaller amount of immediately available marijuana served as the
smaller immediate reward. Marijuana amounts were expressed in ounces, quarter ounces, and
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eighth ounces. For example, one possible set of options was “Receive how: 2 ounces, plus two
quarter ounces, plus one eighth ounce” and “Wait 1 month and then receive: 4 ounces.” The
magnitude of the immediately available marijuana was adjusted by the algorithm across trials
using eighth ounce blocks.

For each discounting assessment of each commodity, the seven indifference points were used
to estimate the k parameter value in the hyperbolic decay model (specified in Equation 1;
Mazur, 1987),

Larger later amount
1+k X Delay (1)

Indifference point=

where k is a free parameter representing the extent to which the reward is discounted. Estimates
of the k parameter were obtained with least squares nonlinear regression. The time unit of days
was used as for the D variable in all regression analyses; therefore, all k estimates carry the
reciprocal of days (i.e., days™1) as units. A logarithm (base 10) transformation was applied to
the k parameter estimates before parametric statistics were applied, because discounting
parameters are typically positively skewed (Myerson & Green, 1995; Rachlin, Raineri & Cross,
1991; Richards et al., 1999). In addition, for each set of indifference points, an area under the
curve measure was calculated using the method described in Myerson, Green &
Warusawitharana (2001). This method makes no assumption about the mathematical form of
the discounting function.

An algorithm (Johnson and Bickel, 2008) was applied to the discounting data of each
commaodity for each participant in order to identify nonsystematic discounting data (i.e.,
instances in which the participant may have been inattentive or otherwise insensitive to the
task). This algorithm was intended to identify instances in which indifference points were not
generally monotonically decreasing with delay, or in which no evidence of discounting was
apparent even at the 25-year delay. Specifically, data were identified as nonsystematic if either
of the two following criteria were met: 1) if any indifference point (starting with the 1-week
delay) was greater than the preceding indifference point by a magnitude greater than 20% of
the larger later reward (e.g., $200 in the money condition); 2) if the 25-year indifference point
was not less than the 1-day indifference point by at least a magnitude equal to 10% of the larger
later reward (e.g., $100 in the money condition). Meeting the first criteria calls into question
the systematic nature of the data because it indicated that the value of a reward increases with
delay, which violates the most basic expectation of delay discounting data and suggests
idiosyncratic rule-governed behavior or inattention. Meeting the second criteria indicates that
the independent variable (delay) shows no relationship with the dependent variable (reward
value), suggesting insensitivity to the task. When applied to money, the algorithm found 2, 1,
and 2 nonsystematic discounting functions in the current, ex, and control groups, respectively,
resulting in 77 participants with systematic money discounting data. When applied to marijuana
discounting in the currently marijuana-dependent group, the algorithm found 4 nonsystematic
discounting functions, resulting in 26 participants with systematic marijuana discounting data.
In all subsequent analyses involving discounting data, these nonsystematic data were omitted.
If a participant had nonsystematic data for a commodity, only data for that commodity were
eliminated; systematic data for other commodities for that participant were included in
analyses. Residual analyses of the remaining discounting curves supported the fit of Equation
1.
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Group and Commodity Delay Discounting Comparisons

Figure 1 shows individual k values and group means for all three groups, and for both money
and marijuana. The figure indicates that groups did not reliably differ in discounting. For
statistical comparison of delay discounting across the groups for money discounting, Quick
Test intelligence score was included as a covariate. Similar analyses without the covariate did
not change the results. For statistical tests involving delay discounting (across groups and
between money and marijuana as commaodities) but not involving questionnaire results, alpha
was set at .05 for significance testing. A one-way ANOVA examining money discounting
(transformed k) compared the three marijuana-use groups for the 77 participants with
systematic money discounting data. The group effect was not significant [F(2,73)=1.05, p=.
35].

In order to compare both commodities (money and marijuana), a repeated measures ANOVA
within the currently marijuana-dependent group compared the discounting of money and
marijuana in the 24 individuals with systematic data for both commodities. The commodity
effect was significant [F(1,23)=15.38, p<.001], showing that marijuana was discounted
significantly more than money. To explore the nature of this difference, a similar repeated
measures ANOVA was conducted while controlling for reported marijuana use rate (bouts per
day). The difference between money and marijuana discounting was no longer significant after
controlling for marijuana use rate [F(1,22)=1.83, p=.19]. All discounting analyses were
replicated using the area under the curve measure (AUC; Myerson, et al., 2001) instead of the
transformed k measure. Performing analyses with AUC rather than transformed k did not
change whether any results reached significance.

Relative Association of Marijuana and Tobacco Use with Delay Discounting

In order to further explore the association of marijuana and tobacco use with discounting, a
multiple regression analysis was performed on money discounting (transformed k) using the
following variables as predictors loaded in a single step: marijuana use bouts per day, tobacco
cigarettes smoked per day, and intelligence score (because intelligence score differed across
groups). Results are presented in Table 2. Beta values (standardized partial regression
coefficients) represent the relative contribution of each variable for predicting money
discounting in the context of the other predictor variables. The only significant predictor of
discounting was tobacco cigarettes smoked per day.

Evaluating Delay Discounting Results Relative to Previous Findings with Other Drugs of
Dependence

Because analyses showed a non-significant trend for the currently marijuana dependent group
to discount money more than the other groups, an analysis of effect size was conducted to
evaluate the marijuana results relative to data from previously published drug dependent
groups. Cohen’s d (using the pooled standard deviation) was calculated for the transformed k
money data between the currently marijuana-dependent and control groups, and was found to
be 0.20, indicating a small effect. For comparison, Cohen’s d was also determined for three
previously published studies conducted in the same laboratory comparing drug-dependent and
control groups in money discounting. Cohen’s d was found to be 0.78 for a study comparing
opioid dependent and control participants (Madden et al., 1997), and was found to be 0.80
(Bickel et al., 1999) and 0.81 (Baker et al., 2003) for two studies comparing heavy tobacco
smokers and control participants. Using the standard deviations and number of participants
with systematic data from the currently-dependent and control groups, it was determined that
this study had power equal to .76 to find a significant difference of effect size 0.80 (approximate
effect size in the previous studies mentioned above) at alpha=.05.
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Correlation between Discounting Measures

The correlation between money and marijuana discounting within the currently marijuana-
dependent group was significant and positive (r=.723, n=24, p<.001).

Group Comparisons of Questionnaires

Due to the number of statistical comparisons involving the questionnaire scales, alpha was set
at .01 for significance testing of group comparisons of questionnaire measures, and correlations
between delay discounting and questionnaire measures. The scales from the various
questionnaires are presented in Table 3. These scales were compared across the three groups
using ANOVA with intelligence as a covariate, with the exception that FTP measures were
compared using Kruskal-Wallis tests due to skewed data. The only significant differences
between the groups were on the Eysenck Impulsiveness subscale [F(2,79)=11.47, p<.001] and
the STPI Present-hedonic subscale [F(2,79)=5.50, p<.01]. Tukey HSD post hoc tests revealed
that the currently marijuana-dependent group scored significantly higher than the control group
on the IVE Impulsivity subscale (p<.001). Other post hoc comparisons for the IVE Impulsivity
subscale and all comparisons for the STPI Present-Hedonic subscale were not significant,
although the trend was for the control group to score lower than the ex and currently dependent
groups.

Correlations between Discounting Measures and Questionnaire Measures

Correlations were performed comparing money discounting to all questionnaire scales
(Pearson’s correlations with the exception of FTP scales in which Spearman’s correlations
were used). These correlations only included the participant who provided systematic data (i.e.,
77 out of 82 from all groups for money discounting, and 26 out of 30 in the currently dependent
marijuana group for marijuana discounting). Across all groups, money discounting was
significantly and positively correlated with the STPI present-fatalistic subscales (r=.293, n=77,
p=.01). Spearman correlations were also performed within the currently marijuana-dependent
group between marijuana discounting and the various questionnaire scales. Marijuana
discounting was significantly and positively correlated with the STPI present-fatalistic scale
(r=.583, n=26, p<.01). No other tested correlations were significant.

Discussion

Contrary to the study hypothesis and in contrast with previous studies showing drug-dependent
groups discount more than control groups, marijuana dependent individuals were not found to
discount significantly more than the non-user control group. This lack of effect does not appear
to be due to a lack of sufficient power to detect effect sizes found in previous studies with other
drug dependent populations. The present study employed a similar number of participants as
several published studies showing significant differences between drug dependent individuals
and control individuals (e.g., Bickel et al., 1999; Coffey et al., 2003; Heyman & Gibb, 2006;
Mitchell et al., 2005; Petry & Casarella, 1999; Reynolds, 2006; Vuchinich & Simpson,
1998). One possible interpretation is that marijuana dependence, unlike other forms of drug
dependence, is not associated with increased discounting. However, this seems unlikely given
that there was a trend for currently marijuana-dependent individuals to discount money more
than controls. The effect size of this trend indicated a smaller effect than that found in other
drug-dependent and control comparisons collected with similar methods in the same
laboratory. Consistent with this interpretation, regression results suggest that within the present
study, delay discounting was more closely associated with tobacco use than marijuana use. It
remains unclear whether a substantially larger study might detect a significant difference
between currently marijuana-dependent individuals and matched controls. Figure 1 suggests
the possibility that the currently marijuana-dependent group may consist of a flatter distribution
(and perhaps a trend toward a bimodal distribution) in money discounting, suggesting that
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marijuana dependence may be more strongly associated with delay discounting for a subgroup
of dependent users. A tentative conclusion at the present time is that marijuana dependence
may be associated with delay discounting, but less so than forms of drug dependence previously
investigated (e.g., tobacco, cocaine, opioids, alcohol). If this conclusion is correct, then the
present data also suggest that, as with tobacco and alcohol (Bickel et al., 1999; Petry, 2001),
former dependent marijuana users discount less than currently dependent users.

Marijuana dependence shares several commonalities with other forms of drug dependence,
including having a neuropharmacological substrate with ties to brain reward systems, a
characteristic withdrawal syndrome, and frequent relapse among those in treatment (Budney
& Moore, 2002). Why, then, would it differ from other drugs in the strength of its association
with delay discounting? Perhaps an important framework for understanding drug dependence
is that different drugs can be rank ordered along multiple dimensions related to their
dependence potential. For example, while psychomotor stimulants such as cocaine typically
rank high on several measures of laboratory drug reinforcement (e.g., Griffiths, Brady &
Bradford, 1979), they are associated with only relatively mild (i.e., not medically severe)
withdrawal symptoms among dependent users (Lago & Kosten, 1994). In other words, while
drug withdrawal is an important clinical phenomenon in drug dependence, it plays a less
prominent role for stimulant dependence relative to sedatives and opioid dependence.
Similarly, while delay discounting may be an important clinical phenomenon in drug
dependence generally, the present results suggest it may play a relatively small role in
marijuana dependence relative to other drugs such as tobacco. Indeed, drug dependence may
result from multiple underlying processes, and delay discounting may be only one of those
processes (Bickel and Johnson, 2003).

One possible explanation for a weaker association between delay discounting and marijuana
dependence relative to other drugs previously studied may be that marijuana is associated in
the public view with less salient future health consequences. Perhaps low discounters may be
dissuaded from trying drugs such as tobacco, resulting in a disproportionate number of high
discounters initiating these drugs (with some proportion going on to become dependent). To
the extent that the public may view marijuana as less associated with future negative
consequences, a broader array of individuals along the distribution of discounting in the
population may initiate marijuana use, with some proportion of those initiates becoming
dependent. Consistent with this hypothesis, data from the National Comorbidity Study indicate
a larger proportion of the population has used marijuana compared to other illicit drugs
(Anthony, Warner & Kessler, 1994). Although only a proportion of these become dependent
(at a roughly similar rate to other drugs of abuse), the resulting sizeable marijuana-dependent
population may include a relatively large distribution of individuals across the delay-
discounting continuum. This may seem inconsistent with the strong association between delay
discounting and tobacco use, which is even more prevalent than marijuana use. However, it is
possible that the very well-known and salient future health consequences of tobacco use make
it a special case, that is, a drug especially prone to self-selection of high discounters, as
mentioned above. It should be noted that this suggested hypothesis assumes that increased
delay discounting causes drug dependence, whereas it may also be possible that drug use
increases delay discounting. However, the two possibilities are not mutually exclusive, and it
seems likely that both may be true.

Of the 18 personality questionnaire subscales examined in this study, only the Eysenck IVE
Impulsivity subscale, which measures the degree to which one behaves without thought of risks
or consequences, statistically differentiated the marijuana-dependent group from the control
group. There is no clear explanation as to why scores on this specific scale but not others,
including the BIS-11, showed differences across groups.
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The currently marijuana-dependent group discounted marijuana significantly more than
money. The observation that marijuana dependent individuals discount future marijuana more
than an equivalent amount of money is consistent with studies demonstrating that tobacco,
heroin, and crack/cocaine dependent individuals discount their drug of dependence more so
than money (Baker et al., 2003; Bickel et al., 1999; Coffey et al., 2003; Madden et al., 1997;
Petry, 2001). However, because the discounting of other non-monetary, consumable
commodities was not assessed in these studies, one cannot determine if rapid discounting of
the drug is indicative of a drug of dependence, or is a more general feature of consumable
commaodities or primary reinforcers. That is, a number of studies have shown that non-drug
consumable reinforcers such as food are discounted more than money (Estle et al., 2007; Odum
& Baumann, 2008; Odum & Rainaud, 2003; Odum, et al., 2006). The present results showing
that the difference between money and marijuana discounting was no longer significant after
controlling for marijuana consumption rate is consistent with the interpretation that marijuana
was discounted more than money because it is a consumable, primary reinforcer.

Both discounting measures were positively and significantly correlated with each other. The
STPI Present-Fatalistic subscale was positively correlated with money and marijuana
discounting, indicating that a greater sense of powerlessness over the future is related to greater
delay discounting. However, no significant correlations were found between delay discounting
and other questionnaire scales. These results are consistent with the variability observed across
studies in previous research examining the correlations between discounting and personality
questionnaires (e.g., Coffey et al., 2003; Madden et al., 1997; Mitchell, 1999; Richards et al.,
1999). In the present study, the correlation between money and marijuana discounting was
higher than correlations between discounting and personality questionnaires, suggesting that
although commodities can be discounted at different rates, individuals nonetheless have some
trait-like disposition toward delay discounting that is relatively distinct from what is captured
by questionnaire measures.

If future studies yield similar results, they may confirm that the association between discounting
and drug dependence may be weaker for marijuana than for previously studied drugs (e.g.,
tobacco, cocaine, opioids, alcohol). Future research examining discounting in a wider variety
of populations (i.e. different drugs of abuse) may help to further examine the contribution of
delay discounting to the phenomenon of drug dependence.
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Figure 1.

Individual log-transformed k values and group means for all groups and both commodities

studied. A higher transformed k value indicates increased delay discounting or more
impulsivity.
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Table 1
Participant characteristics.
Group

Characteristic Ex Current Control
N 30 30 22
Age (years) 289+108 274+99 259+86
Gender (% Female) 43 43 59
Education (years) 140+21 13.2+21 143+19
Monthly income ($US) 945 + 1488 736 +1505 508 * 755
Quick Test intelligence* 41.7+33 419+26 38.6+3.6
Percent daily tobacco users 40% 50% 41%
Tobacco use (cigs/day) 3.7+6.2 55+93 56+10.3

0+0 26+14 0+0

Current marijuana use (bouts/day)**

Page 14

Note. Values represent mean + SD. Significance evaluations based on two sample t-tests, with the exception of gender and percent daily tobacco users,

which were based on chi square tests. Significant differences are noted by asterisks.

*
Ex vs. controls p <.01. Current vs. controls p < .001. Ex vs. current ns.

Fk

Current vs. either other group p<.001. Ex vs. control ns.
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Table 2

Multiple regression results for money discounting.

Predictor variable Beta t p
Intercept -192 .06
Cigarette use (cigarettes/day) .326 279  .007

Current marijuana use (bouts/day)  .072 .625 .53
1Q -.059 -505 .62

Overall model: R=.364, F(3,73)=3.72, p=.02
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Questionnaire scores by group. Means and SD are reported for all measures with the exception of all FTP scores,
for which medians and ranges are reported due to skewed distributions of scores.

Group
Questionnaire scale Ex Current Control
FTP Extension (years) 19.5 (3.0 - 75.0) 24.0 (1.0 - 100.0) 19.5 (4.0 - 52.0)
FTP Mean predicted (years) 7.2 (1.1-20.2) 5.8 (0.8-22.8) 5.4(1.2-20.4)
FTP Coherence (rho) 0.98 (0.86 — 1.00) 0.97 (0.70 - 1.00) 0.93 (0.13-1.00)
FTP Story 1 (years) 2.9x107° (1.9x10°5-99)  1.9x1075(3.8x10°8-2.0x10%)  7.1x107° (9.5x1077 - 2.0)
FTP Story 2 (years) 4.9 (1.9x1075 - 69) 1.5 (1.9x1076 - 79) 1.1x1074 (6.3x1077 — 84)
BIS-11 Non-planning 24.6 (4.1) 25.8 (5.1) 23.5 (4.6)
BIS-11 Motor 16.6 (4.0) 16.9 (3.4) 15.3(3.9)
BIS-11 Cognitive 23.2 (4.4) 25.2 (5.6) 22.4 (4.0)
IVE Impulsiveness™ 11.3(4.9) 13.1 (4.5) 7.4(5.4)
IVE Venturesomeness 11.1(2.6) 11.2(3.1) 10.9 (4.4)
IVE Empathy 135 (2.8) 13.3 (2.8) 12.2 (3.6)
STPU Future-oriented 51.0 (7.8) 49.3 (8.3) 52.5 (7.0)
STPI Past-oriented 25.7 (4.7) 26.1 (4.4) 26.2 (4.7)
STPI Present-hedonistic™™ 26.4 (4.6) 26.8(3.9) 24.0(5.0)
STPI Present-fatalistic 22.1(4.1) 24.0 (5.4) 20.8 (4.4)
STPI Time-press 7.4(1.7) 7.2(2.0) 7.3(1.6)
CFCS 3.3(0.7) 3.1(0.7) 3.4(0.7)
R-FUS 2.5 (0.6) 2.6 (0.6) 2.3(0.5)

Note. Groups were compared using ANOVA with intelligence as a covariate, with the exception that FTP measures were compared using Kruskal-
Wallis tests due to skewed distributions of scores.

ANOVA p<.001; Tukey HSD showed current > control (p<.001), others comparisons NS

*:

*
ANOVA p<.01; all Tukey HSD comparisons NS
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