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Abstract

Objective: Delay discounting (DD) refers to the reduction in reward value as a function of

its delay, and individuals who misuse alcohol typically exhibit high rates of DD, which may
reflect a general preference for immediate outcomes. This interpretation is based on studies
utilizing single-commaodity DD tasks where the same commaodity is available immediately and
following a delay. Cross-commaodity DD tasks require individuals to choose between different
commaodities at varying delays and may provide the potential to further illuminate intertemporal
preference associated with alcohol misuse. The present study examined associations between
single-commodity and cross-commodity DD rates with alcohol use metrics among young adults.

Method: DD by young adults (V= 70, aged 19-24, 71% male, 80% White) who engage in
hazardous drinking was examined using a fully parametric combination of immediate and delayed
alcohol and money outcomes. We hypothesized that past 30-day alcohol use and alcohol-related
negative consequences would be associated with preference for alcohol outcomes independent of
whether alcohol was immediate or delayed.

Results: Results support the hypothesis, as past 30-day consumption and AUDIT scores were
positively associated with rate of DD in the immediate alcohol versus delayed money task

and negatively associated with rate of DD in the immediate money versus delayed alcohol
task. Moreover, we found the immediate money versus delayed alcohol task provided unique
explanatory power for individual alcohol use.

Conclusions: The observed associations indicate that willingness to invest in future access to
alcohol may be associated with elevated alcohol use and related consequences.
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Howard Rachlin was an early adopter of the application of economic concepts to the

study of individual behavior (e.g., Rachlin, 1992; Rachlin et al., 1980). Both his early
efforts to align the existing body of animal research with the model of human choice

from Daniel Kahneman and Amos Tversky (Rachlin et al., 1986) that is now considered
the inception of behavioral economics (Laibson & Zeckhauser, 1998), as well as his
subsequent conceptions within the field of behavioral economics (Rachlin, 1995) highlight
the importance of behavioral science in understanding the behavior of individuals and
groups. Rightly acknowledged as one of the founders of behavioral economics (Killeen et
al., 2021), Rachlin has greatly influenced the body of work applying the concept of delay
discounting to the study of addiction.

Delay discounting (DD) refers to a decrease in the subjective value of an outcome due to
its delay (Odum, 2011). High rates of DD are indicative of a preference for immediate
rewards, and behavioral economic models of addiction implicate DD as a principal feature
of addiction (see Becker & Murphy, 1988; review in Rachlin, 1997). Rooted in early
studies showing that animal behavior is systematically impacted as a function of the delay
interval to reinforcement (e.g., Baum & Rachlin, 1969; see also Chung, 1965; Logan, 1965),
subsequent studies of delay discounting in humans generally link high rates of DD with
misuse of alcohol and other substances (Amlung et al., 2017; Petry, 2001; MacKillop et

al., 2011; Vuchinich & Simpson, 1998) using binary-choice, single-commaodity tasks where
participants indicate a preference between different sums of money available immediately
and following a delay (i.e., immediate money vs. delayed money). Though this association
has not been universally observed in the study of alcohol use (e.g., Dennhardt & Murphy,
2011; MacKillop et al., 2007; Stojek et al., 2014) particularly for continuous variables of
alcohol use (Amlung et al., 2017), Acuff et al. (2018) have offered reasonable explanations
that do not dispute the relevance of the DD construct to the study of substance misuse (see
Bailey et al., 2021, for dissenting perspective).

With the recognition that other nonmonetary commodities have different consumption
characteristics (Rachlin, 1992), Rachlin has been particularly instrumental in innovating
these procedures to consider the valuation of nonmonetary commodities (e.g., Raineri &
Rachlin, 1993). Given the valuation of drug outcomes to individual who engage in drug use/
misuse, DD tasks have been modified to examine the delayed value of the preferred drug of
use (e.g., immediate drug vs. delayed drug). When compared to rates of DD from tasks with
monetary outcomes, this research has consistently found that individuals who engage in drug
misuse exhibit higher rates of DD in single-commodity tasks with drug outcomes (review in
Odum et al., 2020). In particular, individuals who engage in alcohol misuse exhibit steeper
rates of DD for alcohol than money in single-commodity DD tasks (Lemley et al., 2016;
Petry, 2001; Yankelevitz et al., 2012).

These results have been interpreted as evidence that individuals who engage in substance
misuse exhibit a generalized inability or unwillingness to wait for delayed rewards,
which are particularly exacerbated for a preferred drug reward (Odum et al., 2020). This
interpretation is consistent with behavior typically observed in individuals who engage in
drug misuse, as key characteristics of addiction, including overvaluation of drug rewards
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and undervaluation of future rewards, appear to be analogous with preference for immediate
outcomes exhibited in high rates of DD (Bickel, Jarmolowicz, et al., 2011, Bickel et al.,
2014; MacK:illop, 2016).

However, Pritschmann et al. (2021) argue that this interpretation that individuals who
engage in substance misuse have a reduced ability to wait for the drug of choice, which is
primarily informed from review of studies implementing single-commaodity DD tasks, could
be incomplete (see also Green & Myerson, 2019). Specifically, findings from the few studies
using cross-commaodity DD tasks, in which participants indicate a preference between an
immediate commodity (e.g., money or alcohol) and a different delayed commodity, provide
some evidence that does not align with such an interpretation.

For example, in an online sample of alcohol users, Moody et al. (2017) implemented single-
commaodity DD tasks with money and alcohol outcomes (i.e., immediate money vs. delayed
money [money/money] and immediate alcohol vs. delayed alcohol [alcohol/alcohol]) and
cross-commodity DD tasks (immediate alcohol vs. delayed money [alcohol/money] and
immediate money vs. delayed alcohol [money/alcohol]). Rank ordering of the rates of DD
from these four tasks, from lowest to highest was as follows: alcohol/money, money/money;,
alcohol/alcohol, and money/alcohol. Of note is that the lowest rates of DD (indicating
preference for the delayed outcome) were observed in tasks with delayed money, while

the highest rate of DD (indicating preference for the immediate outcome) was observed in
the task with immediate money. Additionally, rate of DD in the money/alcohol task was
significantly higher than that in the alcohol/money task. A fair interpretation of this pattern
of results is that money was preferred relative to a comparably valued amount of alcohol,
regardless of whether the money was immediate or delayed (e.g., participants exhibited a
willingness to waitfor delayed money despite the availability of immediate alcohol). Naude
et al. (2021), in an online sample of participants who endorse recent alcohol and cannabis
use, also included a fully parametric combination of money and alcohol outcomes in single-
and cross-commaodity DD tasks (as well as cannabis outcomes), and similarly observed
lowest rates of DD in tasks with delayed money, the highest rates of DD in the task with
immediate money, and significantly higher rate of DD in the money/alcohol task compared
to the alcohol/money task.

Other studies using single-commodity DD and cross-commodity DD tasks (Bickel, Landes,
etal., 2011; Wesley et al., 2014; see also Pericot-Valverde et al., 2020) have observed
similar patterns among individuals who engage in substance misuse (e.g., cocaine). While
the rank ordering from Moody et al. (2017) and Naude et al. (2021) have not been exactly
replicated across all studies in comparable single- and cross-commodity DD tasks, what
has been observed is a common pattern with the highest rate of DD in the money/drug
task (indicating a preference for immediate money) and relatively low rates of DD in tasks
where money is delayed (indicating a preference for delayed money), particularly in the
drug/money task. Again, this pattern of results suggests individuals who engage in drug
misuse (a) generally prefer monetary rewards to drug rewards and (b) specifically prefer
delayed money even when the alternative is the immediate availability of a drug of choice.
This differs from an interpretation that individuals who engage in alcohol misuse have a
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generalized unwillingness to wait for delayed outcomes that is particularly pronounced when
presented with immediate access to alcohol.

The emerging interpretation is that individuals who engage in drug misuse can continue to
value nondrug commaodities (e.g., money) and may prefer delayed alternatives even when the
drug may be immediately available. This interpretation of the valuation of drug outcomes
relative to alternatives like money, combined with suggestive evidence that DD rates from
cross-commodity DD tasks but not single-commodity DD tasks may be associated with
problematic alcohol use, inform the rationale for the current project. Specifically, Moody
et al. (2017) observed associations between ordinalized risk level derived from scores on
the alcohol use disorders identification test (AUDIT) and area-under-the-curve measures
(i.e., rate of DD) from cross-commaodity tasks but not single-commodity tasks. Similarly,
Naude et al. (2021) observed significant bivariate correlations between AUDIT and rate
of DD from cross-commaodity tasks but not single-commodity tasks. Of note, both sets

of findings indicate /owerrates of DD in the money/alcohol DD task as a function of
higher AUDIT scores. The possibility that more hazardous drinking is associated with
preference for delayed alcohol in lieu of immediate money has important implications for
how problematic alcohol use can be conceptualized as well as strategies for intervention.
Therefore, the current project seeks to extend the suggestive evidence of Moody et al.
(2017) and Naude et al. (2021) by examining associations between alcohol use measures
and patterns of single-commaodity and cross-commodity DD in a sample of young adults
who engage in hazardous drinking. For the purposes of this study, hazardous drinking was
defined as engagement in binge drinking or heavy alcohol use in the last month, as defined
by the National Institute on Alcohol Abuse and Alcoholism (NIAAA).

The objectives of the present study were (a) to replicate findings on rank order of DD

rate across single- and cross-commodity conditions in a sample of college students who
engage in hazardous drinking and (b) to explore associations between rates of DD in single-/
cross-commodity tasks and alcohol use/misuse measures. We hypothesized to (a) generally
replicate rank ordering of DD rates across single-commodity and cross-commodity DD tasks
observed in previous research and (b) identify associations between cross-commodity DD
rates with measures of alcohol use/misuse (informed by Pritschmann et al., 2021) such

that individuals with greater alcohol use and related consequences will show a relative
preference for alcohol outcomes in cross-commodity DD tasks, that is, positive and negative
associations with rates of DD in the alcohol/money and money/alcohol tasks, respectively. In
other words, we expected that individuals with high alcohol use/consequences would have
high DD rates in alcohol/money tasks (showing a preference for immediate alcohol) and

low DD rates in money/alcohol tasks (showing a preference for delayed alcohol). Further,
we explored which DD task(s) provided the most explanatory power for associations with
alcohol use measures.

Transparency and Openness

We report how we determined our sample size, all data exclusions, all manipulations, and all
measures in the study, and we follow journal article reporting standards (JARS; Appelbaum
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et al., 2018). All data cleaning and analysis were computed using SPSS (\Version 26). This
study’s design and its analysis were not pre-registered. Materials and analysis code for this
study are available by emailing the corresponding author. The study was approved by the
University of Kansas institutional review board.

Participants

Eighty-one participants were recruited via posted flyers. Nine participants were excluded

for not meeting inclusion criteria or failing to complete study measures, resulting in 72

total participants (sample size for the present study was informed by Moody et al., 2017,
N=60). Eligible participants were undergraduate students, aged 18-25 (i.e., young adults),
who reported hazardous drinking in the past month by either (a) endorsing at least one
episode of binge drinking or (b) engaging in heavy alcohol use, that is, drinking above the
recommended weekly drinking limits as defined by the NIAAA (4/5 or more standard drinks
in about 2 hr for females/males, and weekly drinking limits as an average of 7/14 or more
drinks per week for females/males (National Institute on Alcohol Abuse and Alcoholism,
2020).

Measures

Delay Discounting Task—Delay discounting was assessed using the 5-trial Adjusting
DD Task (Koffarnus & Bickel, 2014). This task presented participants with five trials of a
hypothetical, binary choice between a smaller-sooner (SS) reward and a larger-later (LL)
reward (with 32 potential delays, 1 hr—25 years). For instance, in the first trial of the task
with an LL reward of $200, participants chose between receiving half of the LL immediately
(i.e., SS = $100) or the full LL ($200) in 3 weeks. Dependent on the selected choice, the
next item increased or decreased the delay as defined by Koffarnus and Bickel (2014). The
fifth and final trial determined the effective delay 50% (EDsg), representing the delay at
which the delayed and immediate rewards were equally valued. As a titrating procedure,
this task does not allow for inconsistent responding and the EDsg can be estimated any time
the task is completed. As such, all participants had successful EDsgg quantification. This DD
task has been successfully used in other DD studies (Phung et al., 2019; Stein et al., 2017;
Strickland et al., 2021).

Participants in the present study completed two single-commodity DD tasks (money/money,
alcohol/alcohol) and two cross-commaodity DD tasks (money/alcohol, alcohol/money). Each
of the four tasks was completed for two magnitudes of the LL ($50, $200) or the alcohol
equivalents—resulting in eight parametric combinations of DD tasks (see Table 1). Alcohol
equivalences to monetary LL amounts were participant-dependent and determined using

a procedure previously used by Stanger et al. (2012) in which participants indicated

the number of standard drinks that would be equally attractive to the money amounts.
Participants were asked to provide alcohol equivalences in the blank spaces provided
following this statement:

Imagine that you have a choice between receiving some money and receiving some
alcohol. For the following statement, please fill in the number of standard drinks
(beer—12 oz, wine—S5 0z, shots of hard liquor—1.5 oz, or mixed drinks with one
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shot of liquor) that would make the two choices equally attractive to you. Receiving
$50/$200 right now would be just as attractive as receiving ——/—— standard
drinks.

Participants were instructed to indicate their preferred outcomes on the DD tasks as if they
were real.

Alcohol Use Measures—The alcohol use disorders identification test (AUDIT; Saunders
etal., 1993) is a widely utilized 10-item validated tool (Babor et al., 2001) used to identify
individuals at risk for developing alcohol problems. Participants responded to questions
regarding alcohol intake and AUD symptoms using a 5-point scale (from O to 4); questions
about alcohol-related harm used a 3-point scale (0, 2, and 4)—scores on the AUDIT range
from 0 to 40, with higher scores indicating greater individual risk.

The timeline follow-back (TLFB, Brown et al., 1998; Sobell & Sobell, 1992) methodology
was adopted to assess the number of consumed standard alcoholic drinks during the past
30 days. Participants were given handouts with standard drink visuals and TLFB calendars
were created and marked with relevant holidays and events to best assist participants with
recall. The number of standard alcoholic drinks consumed in the past 30 days was summed
to represent participant’s alcohol consumption.

During initial contact, the research assistant provided a brief study description and inclusion
criteria. Individuals who self-identified as eligible to participate were scheduled for an in-
person session. Following informed consent, participants completed a computerized survey
that formally assessed inclusion criteria along with relevant demographic information.
Participants who were deemed ineligible for the study immediately discontinued their
session and were compensated $5 via prepaid ClinCards. Eligible participants completed
all relevant study tasks, including the DD tasks, the AUDIT, and the TLFB. All tasks

were computerized except for the TLFB, which was done on paper. Participants were
compensated $10 after completion of study procedures. Due to a typographical error in
some items of DSM-5 Alcohol Use Disorder Criteria (AUD) questionnaire, we were unable
to confirm score accuracy and the AUD symptom count was excluded from analyses.
Additional study procedures not relevant to this study are not reported here.

Data Analysis

All data from two participants were excluded for being outliers on multiple measures (values
occurring greater than 3 SDs from the mean; Parke, 2013). Values from one $200 DD
condition were excluded for two additional participants because they were outliers. This
resulted in a final sample size of 70.

Rates of DD (k) were determined from the EDsg values measured in the DD tasks, as ED5g
is the inverse of & (Yoon & Higgins, 2008). Rates of DD were then log-transformed (In

K) to normalize distributions and allow for parametric analyses for all eight DD tasks (see
Table 1). Bivariate correlations determined associations between all study constructs and
assessed multicollinearity. A one-way analysis of variance (ANOVA) was conducted for
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each magnitude ($50 and $200) to compare the four DD tasks, followed by Tukey’s honest
significant difference (HSD) pair-wise comparisons.

Alcohol use variables (AUDIT and alcohol consumption) were transformed using natural
logarithm to address nonnormality, with a value of 1 added to avoid transformed values of
0. To examine the predictive utility of DD tasks, AUDIT scores and past 30-day alcohol
consumption were analyzed in two ways utilizing multiple linear regression. Following
bivariate correlations, an omnibus method including all four DD tasks was used in a single
multiple regression model, as has been previously done (Lemley et al., 2016). Second, to
identify the incremental predictive power of each DD task, each parametric combination of
the DD tasks alone and in combination were compared using Akaike information criterion
(AIC; Burnham et al., 2011). When comparing between models, lower AIC values are
preferred as this indicates models that have greater predictive accuracy. For one model to be
meaningfully preferred relative to another, a threshold of absolute AIC differences (AAIC)
of 2 or greater was selected as this indicates the preferred model is 2.4x more likely to

be the correct model relative to the alternative (a AAIC of 4 indicates 7.4x likelihood). In
cases where AAICs are subthreshold, the more parsimonious model (i.e., fewer estimated
parameters) is preferred. The purpose of the model comparisons was to (a) compare the
utility of cross-commaodity DD as a class to single-commodity DD in predicting alcohol use
and (b) determine whether all four DD tasks are necessary to achieve maximal predictive
accuracy.

Participant Characteristics

Participants included in analyses were 71.4% male, and 80% self-identified as White, with
a mean age of 20.63 years (SD = 1.43). Participants self-reported drinking (via TLFB) an
average of 33.92 drinks total in the past 30-days (SD = 23.64), with a mean of 7.69 drinks
on a single occasion (SD = 3.03). The average participant AUDIT score was 10.21 (SD =
4.94); 68.6% of AUDIT scores were within the hazardous or harmful range for individual
risk of developing alcohol-related difficulties (scores of 8 or more). All relevant participant
characteristics are represented in Table 2.

For alcohol equivalences, participants included in analyses indicated that, on average, $50
was equally attractive to 27.73 standard drinks (SD = 24.07; range = 3-120) and $200 was
equally attractive to 111.81 standard drinks (SD = 103.78; range = 7-500).

Analysis of Variance

The omnibus ANOVA comparing rates of DD across single-commaodity and cross-
commodity DD tasks for the $50 magnitude was significant, A3,276) = 43.79, p< .001,

see Figure 1). Tukey’s HSD pair-wise comparisons indicate that nearly all DD tasks resulted
in different DD rates, with most pairs being significantly different (all p’s <.001). The only
exception was between MM50 and AM50 (p = .995).

The similar omnibus ANOVA for the $200 magnitude was also significant A3,268) =
104.41, p<.001 (see Figure 1). Tukey’s HSD pair-wise comparisons indicate that most DD
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tasks were significantly different (all pgs <.001). The only exception was between MM200
and AM200 (p=.771).

Bivariate Correlations

The correlation matrix (Table 3) shows a pattern of strong positive correlations across
magnitudes in the DD tasks. One noteworthy pattern is that associations between rate of
DD in MA50 and both alcohol use measures were negative and met conventional levels
of statistical significance (i.e., p<.05). The associations between rate of DD in MA200
and both alcohol use measures were also negative, though these associations were not
significant.

Multiple Regressions

When controlling for all other DD tasks in the omnibus $50 magnitude models, MA50 was
the only significant predictor of AUDIT scores (p = -0.042, p=.015) and past 30-day
alcohol consumption (p = —0.048, p=.042). When controlling for all other DD tasks in
the $200 magnitude models, no tasks were significant predictors of AUDIT or past 30-day
alcohol consumption (all ps > .05; see Table 4).

Model Comparisons

A summary of model comparisons for all DD tasks is presented in Tables 5 and 6,
separated by magnitude. In the $50 magnitude, AM50 was the single-model predictor with
the best AIC score for AUDIT, though not sufficiently different from the MA50 model
(AAIC =-0.13), and MA50 was the single-model predictor with the best AIC score for
alcohol consumption, though also not sufficiently different from the AM50 model (AAIC

= -0.38). When comparing the average AIC value for single-commodity DD models to
cross-commodity DD models, cross-commaodity DD models consistently do better as a class
of DD measure for predicting AUDIT scores (AAIC = —3.885) and alcohol consumption
(AAIC = -5.035; see Table 5). In the $200 magnitude single-predictor models, AM200 has
the best AIC score for AUDIT and alcohol consumption. When comparing the average AIC
value for single-commaodity DD models to cross-commodity DD models, cross-commodity
DD models consistently do better as a class for predicting AUDIT score (AAIC = -2.940)
and alcohol consumption (AAIC = -3.300; see Table 6).

For multiple-predictor model comparisons in the $50 magnitude, the best AIC scores for
double and triple-predictor models were models 10 (AM50 and MA50) and 13 (MM50,
AM50, and MA50). Across classes in the $50 magnitude, single-predictor models are

best for AUDIT and alcohol consumption. For both alcohol use measures in the $200
magnitude, the best AIC scores for double and triple-predictor were models 6 (MM200 and
AM200) and 11 (MM200, AA200, and AM200). Across classes in the $200 magnitude,
single-predictor models also do best for the AUDIT and alcohol consumption.

Discussion

The association between high rates of alcohol use/misuse and high rates of delay discounting
in single-commodity tasks is well-established (Lemley et al., 2016; MacKillop et al., 2011,
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Odum et al., 2020; Petry, 2001; Vuchinich & Simpson, 1998; Yankelevitz et al., 2012).
The resulting interpretation has been that individuals with high alcohol use/misuse rates
exhibit a generalized /nability or unwillingness to wait for delayed rewards. However,
cross-commodity DD tasks present an opportunity to examine the interaction of alcohol
rewards and delay to further enhance our understanding of alcohol use/misuse (Green &
Myerson, 2019; Pritschmann et al., 2021). The present study expanded on recent work by
examining the associations between single- and cross-commodity DD tasks and measures
of alcohol use/consequences among young adults who engage in hazardous drinking. To
our knowledge, no other research has examined the associations between rates of DD on
cross-commodity tasks and measures of alcohol use/consequences in this population.

Our findings are consistent with recent studies in the general rank order of DD tasks (Bickel,
Landes, et al., 2011; Moody et al., 2017; Naude et al., 2021; Wesley et al., 2014). The rank
order of the four DD task’s mean group rates, from lowest to highest, was the same for

each magnitude ($50 and $200): alcohol/money, money/money, alcohol/alcohol, and money/
alcohol. This rank ordering replicates Moody et al. (2017), with low DD rates in the alcohol/
money task compared to high DD rates in the money/alcohol task. The general preference
for money outcomes, regardless of temporal location found in the rank order of DD tasks,
suggests that individuals who engage in alcohol misuse generally prefer immediate money
to delayed alcohol and delayed money to immediate alcohol. This finding may indicate a
willingness to wait for a delayed nonalcohol commodity (i.e., money) even if the immediate
outcome is alcohol and this finding is consistent with the limited cross-commodity DD
literature, as discussed previously (Bickel, Landes, et al., 2011; Moody et al., 2017; Naude
etal., 2021; Wesley et al., 2014).

The replication of the rank order of DD tasks from Moody et al. (2017) and Naude et al.
(2021) also gives us further confidence in the validity of the rest of this study’s findings.
Preliminary associations between DD tasks and alcohol use measures found in the bivariate
correlations suggest the potential for cross-commodity DD tasks to be promising predictors
of alcohol use/misuse measures. Our regression analyses confirmed these associations,
specifically that cross-commodity DD tasks in the $50 magnitude were significant predictors
of alcohol use measures, with the MA50 DD task exhibiting the strongest predictive
accuracy for both 30-day alcohol consumption and AUDIT scores compared to other DD
tasks. That the MAS50 DD rate showed negative associations with these alcohol use measures
(as did Naude et al., 2021 showed with AUDIT using bivariate correlations) suggests those
individuals who consume more alcohol and are at higher risk for developing alcohol-related
problems prefer delayed alcohol to immediate money more so than those with lower
consumption or risk. From a behavioral economic perspective, this could be interpreted as
indicating that individuals who engage in high rates of hazardous drinking are more willing
to /nvestin future access to alcohol rewards despite the availability of immediate money. The
money/alcohol DD task results partially contradict previous DD interpretations that suggest
high rates of hazardous drinking are associated with a generalized inability or unwillingness
to wait for delayed outcomes particularly in the face of immediate access to alcohol.

Of note, young adults in the present study who engage in the highest levels of alcohol
misuse increasingly chose delayed alcohol to immediate money in the MA50 DD task,
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despite the difference in economic liquidity of alcohol versus money. That is, money has

the characteristic of economic liquidity because it is exchangeable for many other rewards
(including alcohol), whereas alcohol does not conventionally have this characteristic (Estle
et al., 2007; Stuppy-Sullivan et al., 2016). This distinct pattern of choice in the MA50 DD
task perhaps demonstrates a narrowed range of possible delayed reinforcers for individuals
who engage in heavy alcohol misuse, such that even the availability of a liquid commaodity
such as money is relatively less valued than delayed access to alcohol. This appears to
model the overvaluation of alcohol common to individuals who misuse alcohol due to a lack
of alternative nonalcohol rewards in their environment—a hallmark of addiction (Bickel,
Jarmolowicz, et al., 2011, Bickel et al., 2014; MacKillop, 2016).

Finally, the model comparison findings further corroborate the importance of cross-
commaodity DD tasks in predicting alcohol use/misuse measures. Naude et al. (2021)
provided suggestive evidence of this, reporting that multivariate between-group analyses
(with AUDIT scores dichotomized as harmful/nonharmful alcohol use) indicated significant
differences in cross-commaodity DD conditions but not single-commaodity conditions. We
extend these findings with explicit confirmation that cross-commodity DD tasks as a c/ass
provide more explanatory power than single-commodity DD among the single-predictor
models, as the AIC values were sufficiently lower among the cross-commodity DD tasks
for both alcohol use measures. Among the multiple-predictor models in the $50 magnitude,
the preferred models within each model class (single, double, etc.) and the overall most
predictive models for AUDIT scores and alcohol consumption included cross-commaodity
DD tasks. Moreover, we provide evidence that the money/alcohol DD task in particular
provides unique explanatory power that is not accounted for by the single-commaodity

DD tasks nor the alcohol/money task. Overall, results from the $50 magnitude suggest
implementing cross-commaodity DD tasks may provide better accuracy in predicting alcohol
use measures.

Findings from the $200 magnitude tasks were less conclusive. Although the results shared a
similar pattern with the $50 magnitude tasks (i.e., cross-commodity DD tasks were present
in the best interclass and overall preferred models), adding more DD tasks as predictors
into the models tended not to improve AIC measures as much as the $50 magnitude tasks.
We do not know why the pattern of results differed in these ways between the two DD
magnitude conditions, though we speculate that purchasing/consumption decision for $50
worth of alcohol may represent meaningful and likely decisions for our sample of college
drinkers, whereas $200 worth of alcohol may be outside of the range typically confronted
by this group. As the findings from Naude et al. (2021) were observed for $10 magnitude
outcomes (i.e., more comparable to our $50 magnitude outcome condition), the absence of
clear associations between alcohol use/outcomes and DD for higher magnitude outcomes
may indicate a limiting factor for when cross-commodity DD tasks provide most utility.
Noting that the similarity of the present findings for $50 magnitude outcomes with those
observed in Moody et al. (2017) and Naude et al. (2021), the overall pattern remains
compelling that cross-commodity DD rates may be particularly useful predictors of alcohol
use/consequences.

Psychol Addict Behav. Author manuscript; available in PMC 2023 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Taylor et al.

Limitations

Page 11

Portions of our findings are inconsistent with some of the existing literature on this topic.
For example, rate of DD in the money/money task was not associated with measures of
alcohol use/consequences, despite established associations in previous research (reviews in
MacKillop et al., 2011; Yi et al., 2010). However, the absence of associations between

delay discounting in money/money tasks and measures of alcohol use is not unprecedented
(e.g., Dennhardt & Murphy, 2011; MacKillop et al., 2007; Stojek et al., 2014), particularly
for continuous measure of alcohol use (Amlung et al., 2017) among young adult samples
(Acuff et al., 2018). One likely explanation is the present study’s sample, which was largely
homogenous in engaging in hazardous drinking. Much of the extant literature has assessed a
sample of individuals with a larger range of alcohol use (Petry, 2001; Vuchinich & Simpson,
1998), and this narrowed sample range may have also affected the relatively small range of
improvements in AIC values across model comparisons within each magnitude. Consistent
with this interpretation, our results in the single-commodity tasks also align with those
observed in Moody et al. (2017) and Naude et al. (2021).

There are some limitations to note from the present study. Foremost, the in-person data
collection for this project was interrupted by the COVID-19 pandemic. Given likely changes
in drinking patterns among our target sample of college students during and resulting

from the COVID pandemic, as well as potential changes in how individuals value future
outcomes, we determined that simple transition of the project to fully online data collection
methods or reactivation of in-person data collection following recent institutional approval
of in-person activities could not be justified. This resulted in a smaller sample size than
initially planned, and it is possible that the lack of systematic results observed in the $200
magnitude DD conditions are due to diminished statistical power. We note here that our
sample size surpasses the 7= 60 of Moody et al. (2017), and that the results obtained in

the $50 magnitude conditions are consistent with those observed in all previous published
studies of cross-commodity DD (Bickel, Landes, et al., 2011; Moody et al., 2017; Naude

et al., 2021; Pericot-Valverde et al., 2020; Wesley et al., 2014). Nonetheless, future work
should verify the reliability of the results reported here. A second limitation is that the DD
tasks in the present study used hypothetical money and alcohol outcomes. Though the extant
DD literature has established that rates of DD from tasks that using hypothetical money
outcomes are statistically equivalent to those using real money outcomes (Matusiewicz et
al., 2013), the use of hypothetical outcomes may fundamentally change the nature of the
task (i.e., self-report of preference rather than exhibited behavioral preference). Moreover,
we cannot extrapolate the same statistical equivalency between real and hypothetical alcohol
outcomes. A third limitation is that we did not consider the diversity of environmental and
contextual factors that impact delay discounting. For example, experimental and longitudinal
research implicates early rearing/childhood environment on delay discounting (e.g., Felton
et al., 2021; Perry et al., 2008). We did not collect measures relevant to this and are

not able to consider it or other moderating factors in our analysis or interpretation.

A fourth limitation is that the generalizability of the findings may be bounded to the

current sample’s demographics, which primarily consisted of college-aged White males.
Finally, the centrality of delay discounting to the misuse of alcohol (and other substances),
as typically implemented in human studies, is not without dispute (e.g., Bailey et al.,
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2021). For example, despite reasonable face validity as rationale for the application of

delay discounting paradigms, there remain questions regarding concurrent and discriminant
validity of hypothetical money/money tasks and their relevance to actual behavior associated
with substance misuse. To the extent that Bailey and colleagues seek to draw attention

to tasks that may have more relevance to real-world decisions and are more-strongly
associated with clinical phenomena, it appears that the cross-commaodity delay discounting
tasks implemented in the present study represent a small step in that direction.

Conclusions and Implications

Conventional interpretations of delay discounting based on single-commaodity DD tasks
have been that individuals who engage in alcohol misuse exhibit a generalized inability or
unwillingness to wait for delayed rewards that is particularly exacerbated for alcohol. The
present results, utilizing cross-commaodity DD tasks, perhaps modify this previous narrative.
Suggestive evidence in Moody et al. (2017) indicated the possibility that problematic
alcohol use (via AUDIT) may be inversely associated with rate of delay discounting in an
immediate money—delayed alcohol task. Naude et al. (2021) provided further indication of
this with a significant bivariate correlation between the immediate money—delayed alcohol
task and AUDIT, and the dichotomized harmful alcohol use was associated with different
rates of delay discounting in the cross-commaodity tasks. The present results extend that
suggestive evidence with explicit evidence that the immediate money—delayed alcohol DD
task provides unique explanatory power associated with past-month alcohol use as well as
problematic use.

We observed that individuals with high alcohol-related measures indicated preference for
waiting for delayed alcohol in cross-commodity DD tasks when the immediate alternative
was money. Said a different way, results from the cross-commodity DD tasks reveal that
as rates of alcohol use and alcohol-related problems increased, so did relative preference
for delayed alcohol in the presence of immediate money. This could be interpreted

as an /investment in access to alcohol in the future. We believe that this is a novel
conceptualization that warrants continued investigation.

The conceptualization of preference for alcohol in lieu of alternative commodities across
time has been considered in numerous behavioral economic theories of addiction (e.g.,
Becker & Murphy, 1988; Herrnstein & Prelec, 1992; Rachlin, 2000a; see review in Rachlin,
1997). Specifically, these theories have highlighted the dynamic influence of continued
drug use and nonuse on the relative valuation between the drug and competing rewards
(i.e., substitutes), including propositions that commodity-specific properties are likely to
characterize effective substitutes (Green & Freed, 1993; Green & Fisher, 2000; Rachlin,
2000b). As access to, and contact with, substitutes for drug reward impact short-and
long-term substance use trajectories (e.g., Goelz et al., 2014; Schnoll et al., 2016; Smith
& Beckmann, 2021), cross-commodity DD tasks may serve as a valuable approach to
identify the most effective, health-promoting alternatives to substance misuse, particularly
given that the diversity of potential substitutes will have inherent delays to access or
different consumption periods (Rachlin, 1992). With the recognition of the significance of
competing rewards in problematic alcohol use, prevention and intervention approaches are
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increasingly considering how the valuation and price of substitutes may be more effective
than manipulation of the price of the addictive substances themselves (Rachlin, 2007).
Continued exploration of the valuation of immediate and delayed access to substances and
their substitutes/complements, using cross-commodity DD and other assessments, will be
able to greater specify the role of delay in impacting behavior relevant for substance use and
misuse. And, we expect the field of behavioral economics to continue to be informed and
inspired by the work of Howard Rachlin.
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Public Health Significance Statement

Understanding and reducing hazardous drinking by young adults remains a public health
priority. This study highlights the utility of cross-commodity delay discounting tasks

in understanding associations between alcohol use/misuse and intertemporal choice by
young adults who engage in hazardous drinking. Specifically, we find that lower rates

of delay discounting when money is immediately available and alcohol is available
following a delay (indicative of relative preference for delayed alcohol) is associated with
greater past-month alcohol use and hazardous drinking. This result is inconsistent with
single-commodity delay discounting literature that implies that problematic alcohol use
is associated with a general unwillingness or inability to delay gratification. The present
results suggest that individuals who engage in problematic alcohol use may invest in
future access to alcohol, with implications for the etiology of alcohol use disorder as well
as for behavioral interventions that seek to alter valuation of commodities across time.

Psychol Addict Behav. Author manuscript; available in PMC 2023 June 06.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Taylor et al.

4.00 -

2.00 A

0.00 A

-2.00 -

Mean In(k)

-4.00 A

-6.00 -

Page 18

-8.00

MMS50  AA50 AMSO  MASO MM200 AA200 AM200 MA200
Discounting Task
Figure 1. Mean DD Rates With Standard Error

Note. DD = Delay discounting; HSD = honest significant difference.
* Indicates significant Tukey’s HSD pair-wise comparison at a p < .05 level.
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Sample Demographics as Frequencies of the Sample (Percentages of the Sample in Parentheses)

Sample demographics (N =70) Frequency (%)
Age

Under 21 39 (55.7)

21 or older 31 (44.3)
Sex

Female 20 (28.6)

Male 50 (71.4)
Race?

White 56 (80.0)

Asian 10 (14.3)

Black 3(4.3)

Other 6 (8.5)
Ethnicity

Hispanic or Latino 10 (14.3)

Not Hispanic or Latino 60 (85.7)
Year in undergraduate school

Freshman 28 (40.0)

Sophomore 16 (22.9)

Junior 15 (21.4)

Senior 11 (15.7)
Employment status

Employed part-time 31 (44.3)

Unemployed/full-time student 39 (55.7)
Annual income

Less than $10,000 62 (88.6)

$10,000 or above 8(11.4)

Table 2

Page 20

a .. . . . S .
Participants were instructed to select all applicable races to include individuals of mixed race; therefore, the total sample percentage exceeds

100%.
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