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Alcohol use disorder (AUD) has been consistently associated with elevated discounting rates for delayed
rewards. However, there are few studies of delay discounting of losses in those with AUD even though
their drinking behavior suggests that they discount future negative consequences of excessive drinking.
The current study extends this literature by examining delay discounting of rewards and losses in a
sample of those with AUD (n = 78) and healthy controls (» = 51) in 2 conditions: working memory
(WM) load and no WM load. The AUD group discounted both rewards and losses at higher rates than
the control group. The WM load increased discounting rates in the reward task but not in the loss task.
There was also a significant Group X WM load interaction; the WM load increased discounting in control
participants but not in AUD participants. These findings suggest that AUD is associated with a general
propensity to discount future incentivized events regardless of nature of the incentive.
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memory

Individuals with alcohol use disorder (AUD) have demonstrated
a proclivity to discount larger future rewards relative to immedi-
ately available smaller rewards at higher rates compared with
controls (Bobova, Finn, Rickert, & Lucas, 2009; Field, Christian-
sen, Cole, & Goudie, 2007; Finn, Gunn, & Gerst, 2015; Mitchell,
Fields, D’Esposito, & Boettiger, 2005; Petry, 2001). Higher delay
discounting rates of rewards have also been observed across a
variety of substance use disorders, including opioid use disorder,
cocaine use disorder, cigarette smoking (Bickel & Marsch, 2001;
Kirby, 1997), as well as obesity and pathological gambling (Bickel
& Marsch, 2001; Weller, Cook, Avsar, & Cox, 2008). Common to
all these disorders are difficulties in self-regulation.

Although increased discounting of delayed rewards fits in well
with the symptoms and behaviors of those with an AUD, it also is
evident that those with AUDs significantly discount future negative
events relative to immediate negative events as well. For instance,
individuals with AUDs frequently discount future negative events
associated with drinking, such as job loss or severe health problems,
in favor of drinking in order to immediately relieve the discomfort of
craving or withdrawal symptoms. Impulsive avoidance of immediate
discomfort can contribute to maladaptive decisions that ignore sub-
stantial long-term negative life outcomes. Although it appears from
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their behavior that those with AUD substantially discount the
future negative consequences of excessive drinking, there are very
few studies of delay discounting of future losses compared with
discounting of future rewards. One study reported an association
between higher discounting of losses and higher frequency of drink-
ing in a nonclinical sample of undergraduates (Takahashi, Ohmura,
Oono, & Radford, 2009). To our knowledge, only two studies have
examined the discounting of losses in individuals with pathological
drinking behaviors. A study by Myerson, Green, van den Berk-Clark,
and Grucza (2015) found no significant difference between AUD
participants and controls in rates of delay discounting of losses in an
African American sample, but they did observe increased discounting
of rewards in their AUD sample. A recent study by Gerst, Gunn, and
Finn (2017) provided evidence for higher delay discounting rates of
losses in individuals with AUD with or without comorbid antisocial
psychopathology compared with healthy controls. There are a few
studies of delay discounting of losses and tobacco use that report
increased discounting of monetary and health losses in current smok-
ers compared with never smokers (Baker, Johnson, & Bickel, 2003;
Odum, Madden, & Bickel, 2002). Aside from Myerson et al. (2015),
no studies have examined both discounting of future rewards and
losses in an alcohol using/abusing population. The current study was
conducted to test the hypotheses that (a) AUD is characterized by
increased discounting of both rewards and losses, and (b) delay
discounting of rewards and losses will be more strongly correlated in
those with an AUD compared with controls, suggesting an underlying
propensity to discount all future incentives in favor of immediate
incentives in individuals with AUDs.

Research also suggests that working memory (WM) capacity
is associated with delay discounting rates of rewards (Bobova et
al., 2009; Finn et al., 2015). Low executive WM capacity has
been associated with higher discounting rates for delayed rewards
(Bobova et al., 2009; Finn et al., 2015; Shamosh et al., 2008). In
addition, compromising WM capacity via a WM load has been
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reported to substantially increase discounting rates of delayed rewards
(Finn et al., 2015; Hinson, Jameson, & Whitney, 2003); however, the
literature on the effects of a WM load on discounting of future losses
is extremely sparse. Gerst et al. (2017) included analyses on the
effects of WM load on the discounting of future losses and did not
find a significant effect. Finn et al. (2015) hypothesized that the reason
why low, or compromised, WM capacity is associated with increased
discounting of delayed rewards is that those with reduced WM ca-
pacity lack the attentional control capacity to efficiently shift attention
from the immediate (more salient) smaller reward option to the
delayed and less salient larger reward, which is necessary to make the
more adaptive choice for the delayed reward. In this circumstance, a
WM load would increase the likelihood that a choice for the imme-
diate (high discounting) option is made because of the greater diffi-
culty of shifting attention to the delayed option under WM load. The
context is the opposite when discounting future losses. In a delay
discounting loss task, decisions are made between competing desires
to avoid negative outcomes. Although the choice for the immediate
reward reflects higher discounting of future larger rewards, in a
discounting of future losses task, the choice of the immediate loss
reflects lower discounting of the future larger loss. In a decision
between two negative outcomes, such as in the current task, optimal
performance only requires the individual to choose the more salient
and immediate option and avoid acquiring “debt” by avoiding imme-
diate losses. In fact, increased discounting of losses involves shifting
attention from the higher salient immediate smaller loss to the larger
delayed loss. Thus, we would not expect that a WM load would
increase discounting of losses, because, if anything, compromising
attention control would tend to decrease the discounting of future
losses (i.e., decrease the capacity to shift attention to, and choose, the
larger delayed loss). Another goal of this study is to test the hypothesis
that a WM load will result in higher delay discounting rates in the
reward task but not in the loss task in AUD participants and controls.

Method

Participants

Sample characteristics. The sample consisted of 129 young
adults (M age = 21.27, SD = 1.30) divided into two groups: an
AUD group with 78 participants (47 men, 31 women), and a
Control group with 51 participants (28 men, 23 women). On
average, participants had completed 14.34 (SD = 1.30) years of

Table 1

schooling. Diagnoses were ascertained using the Semi-Structured
Assessment for the Genetics of Alcoholism (SSAGA; Bucholz
et al.,, 1994) using diagnostic criteria from the Diagnostic and
Statistical Manual of Mental Disorders (5th ed.; American Psy-
chiatric Association, 2013). AUD subjects had a current moderate or
severe AUD. Controls were social drinkers (no abstainers) with no
history of an AUD or other externalizing psychopathology diagnoses.
Table 1 lists sample demographics. Lifetime alcohol problem counts
were derived from the SSAGA interview as the total number of
positive responses to interview questions in the Alcohol Use Disorder
section of the SSAGA. The sample was predominantly Caucasian
(78.6%), 6.3% African American/Black, 6.3% Asian, 5% Hispanic/
Latino, and 5% endorsing another ethnic group not listed. This study
was reviewed and approved by the Indiana University Bloomington
Institutional Review Board (IRB: protocol # 0709000094).

Recruitment. Participants were recruited using flyers and
business cards placed around the community, along with post-
ings on the Indiana University student classifieds web page.
The flyers and postings were designed utilizing the approach
used by Finn and colleagues (Bobova et al., 2009; Finn et al.,
2015) to prompt responses from individuals who vary in terms
of levels of alcohol use, levels of impulsivity, and disinhibited
traits. The postings and flyers asked for “adventurous, daring”
individuals, “impulsive individuals,” “heavy drinkers,” “more
reserved and introverted type person,” “social drinkers,” per-
sons who “got in a lot of trouble as a child” or “have trouble
with the law and authority,” persons with “drinking problems,”
and those who “drink modest amounts of alcohol.”

Telephone screening interview. Those who responded to ad-
vertisements were screened via telephone to determine whether
they met study inclusion criteria. Respondents who met study inclu-
sion criteria could read and speak English, had at least a sixth grade
education, did not report any history of severe head injuries, did
not report a history of psychosis, had consumed alcohol on at least
one occasion in their life, and were between the ages of 18 and 30
years. Participants were informed that they must abstain from using
alcohol and other drugs for at least 12 hr before study sessions.
Participants in this study were involved in a larger study consisting of
four sessions for a maximum of 12 hr. This study included a wide
variety of personality measures, decision-making tasks, cognitive
tasks, and a diagnostic interview. Participants were compensated at
a rate of $10 per hour along with bonuses for showing up to

Group Demographic Characteristics, Alcohol Problems and Alcohol Use

Characteristic

Control AUD

n (male/female)

Average age in years (=SD)

Years of education, M (=SD)

Lifetime alcohol problems M (*SD)

2-week alcohol quantity M (=SD)

2-week alcohol frequency M (*=SD)

3-month alcohol quantity per week M (=SD)
3-month alcohol frequency per week M (+SD)

51(23/28)
21.00 (+2.28)
14.22 (+1.38)

78 (47/31)
21.45 (+2.18)
14.42 (+1.24)

2.88 (*3.44) 35.71 (£12.98)
7.75 (%£7.10) 58.95 (£37.72)
2.92 (x2.81) 6.97 (x2.77)
6.34 (£5.25) 31.86 (£16.99)
2.10 (%1.36) 3.99 (+1.40)

Note. Lifetime alcohol problems were the summed positive responses to questions from the Alcohol Use
Disorders (AUD) section of the Semi-Structured Assessment for the Genetics of Alcoholism (Bucholz et al.,

1994).
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sessions on time. This study utilized data collected from three of
four study sessions.

Test session exclusion criteria. Before every testing session,
participants were required to meet a set of criteria before proceed-
ing. All participants were required to (a) have no self-reported use
of drugs or alcohol within the past 12 hr prior to testing, (b) have
gotten at least 6 hr of sleep the previous night, (c) have a breath
alcohol level of 0.0% (tested with an AlcoSenor IV, Intoximeters
Inc., St. Louis, MO), and (d) not be experiencing symptoms of
withdrawal or of any illness.

Current Drinking

Measures of current drinking levels were assessed over the
previous 2-week period and the over the past 3-month period. Past
2-week drinking was assessed using the timeline follow back proce-
dure, reviewing each day over the past 2 weeks. The 2-week drinking
measures were the mean frequency of drinking occasions (per week)
and mean quantity consumed per occasion over the past 2 weeks.
Drinking was also assessed as the typical pattern of drinking on each
day of a typical week of the last 3 months. Three-month quantity is
average quantity in standard drinks consumed each week over the
past 3 months, and 3-month frequency is average number of days
on which alcohol was consumed per week in the last 3 months.

Delay Discounting Tasks

The delay discounting tasks were developed in E-Prime 2.0
(Psychology Software Tools, Inc., 2012) by the second author
and administered via a desktop computer. The delay discount-
ing reward task was modified from that used in Finn et al.
(2015) and Bobova et al. (2009). The delay discounting loss
task was identical to that used in Gerst et al. (2017). Prior to
doing the tasks, participants were informed that all of the
monetary amounts for both the reward and the loss tasks were
hypothetical. Participants were instructed to choose as if they
would receive (or lose) their chosen value in the corresponding
time delay. Both the order of discounting tasks and the order of
WM conditions were completely randomized in this study.

Delay discounting of rewards. Participants were presented
with a choice between a specific amount of money “TODAY”
or $50.00 “LATER” at one of six time delays (i.e., 1 week, 2
weeks, 1 month, 3 months, 6 months, 1 year). The immediate
choice amount varied from $5.00 to $45.00 in $5.00 increments.
Prior to doing the tasks, participants were informed that all
money was hypothetical, but were instructed to choose as if
they would receive their chosen value in the corresponding time
delay. For this task, participants completed six blocks, one for
each time delay (1 week, 2 weeks, 1 month, 3 months, 6
months, 1 year). Within each block, there were ascending and
descending value trials (both the order of the blocks and order
of trial type was randomized). In the ascending trials, the
immediate reward value began at $5.00 and then increased to a
maximum of $45.00 in increments of $5.00. The ascending
sequence of trials stopped when a participant switched from the
delayed to the immediate reward value (or stopped at $5.00 if
the immediate reward was chosen on the first trial). There were
nine possible ascending trials for each of the six time-delay
lengths. The point at which participants switched from

the delayed value ($50.00) to the immediate option was re-
corded as the switch point on the ascending trials. On the
descending trials, the immediate reward value began at $45.00
and decreased to a minimum of $5.00 in increments of $5.00.
For the descending sequence trials, the task stopped when the
participants switched from the immediate reward value to
the delayed option. The point at which they switched from the
immediate to the delayed option ($50.00) was recorded as their
switch point for the descending sequence of trials. Again, there
was a maximum of nine possible trials in the descending
sequence for each of the six time-delay lengths.

Delay discounting of losses. Participants were presented with
a choice between losing a specific amount of money “TODAY” or
$50.00 “LATER” at one of six time delays (i.e., 1 week, 2 weeks,
1 month, 3 months, 6 months, 1 year). The immediate loss amount
varied from $2.50 to $47.50 in $2.50 increments. Participants
completed six blocks, one for each time delay (1 week, 2 weeks,
1 month, 3 months, 6 months, and 1 year). Each block consisted of
ascending and descending value trials (both order of blocks and
order of trial type within blocks was randomized). In the ascending
sequence trials, the immediate loss began at $2.50 and then increased
to a maximum of $47.50 in increments of $2.50. The ascending
sequence trials stopped when a participant switched from the imme-
diate loss value to the delayed loss value. On the ascending sequence
trials, the point at which participants switched to the delayed loss
value ($50.00) from the immediate loss option was recorded as the
switch point. In the descending sequence of trials, the immediate loss
started at $47.50 and was decreased to a minimum of $2.50. For the
descending sequence of trials, the task stopped when participants
switched from the delayed loss value to the immediate loss value. The
point at which participants switched from the delayed loss value
($50.00) to the immediate loss option was recorded as the switch point
for the descending sequence trials. For both ascending and descending
trial sequences, there was a maximum of 19 trials for each of the six
time-delay lengths.

Working Memory Load

All participants completed both a WM-load and no-load condi-
tion for each of the delay discounting tasks. The order of the tasks
and conditions were counterbalanced across subjects and groups.
In the WM load reward version of the task (cf. Finn et al., 2015),
a decision trial started with the presentation of an immediate
amount of “$ TODAY” (e.g., “$45.00 TODAY”) and $50.00 in a
specific time delay (e.g., $50.00 in 1 month). Then a number
appeared on the screen (e.g., 999) and participants were instructed
to count backward in 3s from that number (e.g., 996, 993,990. . .)
for 10 s. Then “$ TODAY” and “$ LATER” appeared on the
screen (without corresponding monetary values) and participants
clicked to select their choice of the $ TODAY or $ LATER option.
In the loss trials, participants were presented with a LOSE $
TODAY option (e.g., LOSE $42.50 TODAY) and a LOSE $50.00
in a specific time-delay option (e.g., LOSE $50.00 in 2 weeks).
Participants then were presented with three-digit number and were
instructed to count backward by 3s from that number. Then “LOSE
$ TODAY” and “LOSE $ LATER” appeared on the screen (again
without monetary values) and participants clicked on either option
to continue to the next trial. The no-WM-load version of the tasks
included a 10-s wait period to reduce possible confounds that
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could arise by varying overall time of the task or the effects of
choices made in more rapid succession.

Estimation of Discounting Rate

A single-parameter hyperbolic function was used to estimate dis-
counting rate in both reward and loss tasks (Mazur, 1987). The
estimation of discounting rate was calculated using the following
equation: Vp = V/(1 + k X df), where Vp was the present (discounted/
subjective) value (calculated as the average of the switch points for
ascending and descending trials at a particular time delay), the con-
stant V was the amount of the delayed reward ($50.00), dt was the
length of the time the reward or loss is delayed in days, and k was the
discounting rate. The estimated k value of each participant was log,,
transformed and this transformed k was used in the subsequent anal-
yses. The use of this hyperbolic model is a well-established approach
to quantifying discounting rates in humans across a variety of com-
modities, after being found to account for significantly more variance
than exponential function models (Bickel & Marsch, 2001; Kirby,
1997; Kirby & Herrnstein, 1995). A total of 105 participants never
discounted on at least one task. These were retained in the sample and
simply given a k value of 0.00 for that task. These data are not
excluded because they represent valid choices that are, in fact, optimal
choices that reflect good self-control. Also, the fact that such choices
require a concerted effort underlines their legitimacy. For instance, in
the loss task, never discounting requires a participant to choose the
immediate option on every trial in the ascending and descending
trials. In the reward task, the opposite is true: The participant must
choose the delayed reward in every trial of the ascending and de-
scending trials. A total of 54 participants also met Johnson and
Bickel’s (2008) criteria for increased variability (Criterion 1) on at
least one task and also were not excluded from the analyses because
variation in choice switch points reflects normal variation in delay
discounting decisions (Finn et al., 2015; Gerst et al., 2017). Also,
increased variability on delay discounting task occurs under a WM
load and is associated with having externalizing psychopathology
(Dai, Gunn, Gerst, Busemeyer, & Finn, 2016).

Data Analysis

The delay discounting data (log,, transformed k value) were
analyzed using a mixed effects ANOVA (SPSS Version 24) with
two between-subjects factors—Group (control, AUD) and Sex
(male, female)—and two within-subject factors—Task (reward,
loss) and WM Load Condition (no WM load, WM load).

Results

Alcohol Use Disorder and Discounting of Rewards
and Losses

The analysis revealed that AUD participants had higher delay
discounting rates across both tasks compared with controls, F(1,
125) = 8.589, p = .004 (mean log,, k: M = —1.633, SD = 910
for AUD participants and M = —2.131, SD = .784 for controls).
Table 2 lists the mean log,, k values by group, task, and WM load
condition. In addition, a significant main effect of discounting task,
F(1, 125) = 121.468, p < .001, revealed that rewards (M = —1.323,
SD = .901) were discounted at higher rates than losses (M = —2.337,

BAILEY, GERST, AND FINN

Table 2
Discounting Rates by Task and WM Load Condition Divided
by Group

Mean (£SD) log,, k by

task and condition Control AUD
Reward —1.75 (£.69) —1.25(%=.98)
Reward WM load —1.33(*=1.14) —1.11 (£1.02)
Loss —2.82(*=1.21) —2.04 (=1.19)
Loss WM load —2.63 (+1.28) =213 (%£1.21)

Note. Mean delay discounting (DD) rate (log,, transformed k values) by
type of discounting task (delay discounting of rewards and delay discount-
ing of losses) and working memory (WM) load condition divided by
control and alcohol use disorder (AUD) groups.

SD = 1.158). There was not a significant Group X Task interaction,
F(1, 125) = 2.092, p = .151, indicating that AUD participants
discounted delayed rewards (M = —1.183, SD = .914) and losses
(M = —2.083, SD = 1.129) at significantly higher rates than controls,
(rewards: M = —1.538, SD = .847; losses: M = —2.724, SD =
1.104). Figure 1 displays these effects.

Effects of WM Load on Discounting Rewards
and Losses

There was a significant main effect of WM load on discounting
rate, F(1, 125) = 9.575, p = .002. As hypothesized, there was a
significant interaction of task and WM load, F(1, 125) = 4.534,
p = .035. The WM load significantly increased discounting rates
in the reward task, F(1, 125) = 13.642, p < .001, but not in the
loss task, F(1, 125) = .465, p = .497. This finding is illustrated in
Figure 2.

There also was a significant interaction of WM load and group,
F(1, 125) = 5.956, p = .016, revealing that WM load significantly
increased discounting rates in controls, F(1, 50) = 11.98, p =
.001, but not in the AUD group, F(1, 77) = .130, p = .720.
Although there was not a significant task by WM load interaction
in the control group, F(1, 49) = 1.760, p = .191, the WM load
effect in controls appeared to be driven by the robust effect of
the WM load in the reward tasks, F(1, 50) = 11.288, p = .002.
There was not a significant effect of WM load in the loss tasks in
the control group, F(1, 50) = 2.362, p = .131. Figure 3 displays
these effects broken down by group, task, and WM load in effort
to better display the pattern of results. Figure 4 displays the
discounting curves for each task and WM load condition broken
down by group. There was also a significant Sex X Task X WM
load interaction, F(1, 125) = 4.226, p = .042. A breakdown of this
interaction revealed that there was a significant Task X WM load
interaction in males, F(1, 68) = 8.982, p = .004, but not females,
F(1, 57) = .003, p = .957. In male participants, there was a
significant effect of WM load in the reward task, F(1, 68) =
15.587, p < .001, with higher discounting rates in the WM-load
condition (M = —1.020, SD = 1.075) compared with the no-WM-
load condition (M = —1.346, SD = .980). There was not a
significant effect of WM load in the loss task in males, F(1, 68) =
.085, p = .772. For females, there was not a significant effect of
WM load in either the reward task, F(1, 57) = 2.243, p = .140, or
the loss task, F(1, 57) = 1.274, p = .264.
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Delay Discounting Rate (Mean log10 k)
[}

Reward Loss

[l control | AUD

Figure 1. Mean delay discounting rates (log,, transformed k) averaged
across working memory load conditions in the reward and loss discounting
tasks divided by control and alcohol use disorder (AUD) groups. Error bars
represent *SEM. " p < .05. " p < .0l.

Correlations Between Discounting Rewards and Losses

In the full sample, discounting rates of rewards (averaged across
both WM conditions) were moderately correlated with discounting
rates of losses (averaged across both WM conditions), r(127) =
498, p < .001, 95% confidence interval [CI] [.356, .617]. Dis-
counting rates of rewards and losses in the no-WM-load conditions
were correlated, r(127) = .512, p < .001, 95% CI [.373, .629].
There was a weaker association between discounting rates of rewards
and losses in the WM-load conditions, 7(127) = .343, p < .001, 95%
CI [.181, .486]. However, the correlation between discounting of
rewards and losses (averaged across WM-load conditions) was sig-
nificantly stronger in the AUD group (r[76] = .584, p < .001, 95%
CI [.416, .713]) compared with controls (control: r[49] = .281, p =
046, 95% CI [.006, .516]), z = 2.05, p = .040.

Discussion

The main purpose of this study was to examine differences in
delay discounting rates of rewards and losses in AUD and healthy

S
)

°
n

*k%

T

Delay Discounting Rate (Mean log10 k)

Reward Loss

Il No WM load || WM load
Figure 2. Mean delay discounting rates (log,, transformed k) by working
memory (WM) load condition in reward and loss discounting tasks. Error

o
)

Delay Discounting Rate (Mean log10 k)
[}

Control AUD

. Reward . Reward WM load . Loss Loss WM load

Figure 3. Mean discounting rates (log,, transformed k) broken down by
reward and loss discounting tasks and working memory (WM) load con-
dition divided by control and alcohol use disorder (AUD) group. Error bars
represent £SEM. ** p < .01.

controls and to determine whether those with an AUD discount
future losses in a manner similar to their well-documented pattern
of discounting future rewards. In addition, the study also investi-
gated the effects of a WM load on delay discounting of both future
rewards and losses. This study had three primary hypotheses: (a)
the AUD group would discount future rewards and losses at a
higher rate than the control group, (b) delay discounting of rewards
and losses would be strongly correlated in those with an AUD, and
(c) WM load would result in higher delay discounting rates in the
reward task, but not in the loss task, in both the AUD and control
group. As hypothesized, the AUD group discounted both future
rewards and losses at higher rates than the control group. In support
of the second hypothesis, delay discounting rates of rewards and
losses were strongly correlated in individuals with AUD, and the
association was significantly stronger in those with AUDs compared
with controls. The third hypothesis was partially supported. The WM
load significantly increased discounting rates in the reward task but
not in the loss task. However, contrary to the third hypothesis, the
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Figure 4. Delay discounting curves. Panel A shows delay discounting of
reward curves divided by group and working memory (WM) load condi-
tion. Panel B shows delay discounting of loss curves divided by group and
‘WM load condition. AUD = alcohol use disorder.
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WM load significantly increased discounting rates in the control
group only. As shown in Figure 3, this effect was driven primarily by
the robust effect of WM load in controls in the reward task. Consistent
with past studies, rewards were discounted at a higher rate than losses
in both groups (Baker et al., 2003; Johnson & Bickel, 2008; Thaler,
1981).

Consistent with previous studies, individuals with AUD dis-
counted future rewards at higher rates compared with controls
(Bobova et al., 2009; Field et al., 2007; Finn et al., 2015;
Mitchell et al., 2005; Petry, 2001). What is particularly inter-
esting is that those with an AUD also discounted losses at
significantly higher rates compared with controls as well. This
is consistent with the results of a recent study (Gerst et al.,
2017) showing that those with an AUD discounted future losses
at higher rates compared with controls, as well as studies
showing the smokers discount future losses at higher rates than
never-smokers (Baker et al., 2003; Odum et al., 2002). The
higher discounting rates of both delayed rewards and losses
suggest that those with AUDs broadly discount future events of
incentive value more than healthy controls. The finding that
delay discounting rates for rewards and losses were strongly
correlated in AUD participants, but not controls, also supports
the idea that those with an AUD have a generalized tendency to
discount the future. This might reflect a general tendency in
those with an AUD to perceive future outcomes as less salient,
which may lead to difficulties in the delay of gratification
(failing to maximize future gains), the avoidance of immediate
losses (failing to minimize future negative consequences), and
planning for the future. Our results and those of Gerst et al.
(2017) are not consistent with the results of Myerson and
colleagues (2015), who reported that those with an AUD in their
sample did not discount future losses more than controls. Dif-
ferences in sample composition may account for the differences
between Myerson et al. and the samples in the current study and
Gerst et al. Myerson et al.’s sample was comprised of inner-city
African Americans, whereas our samples were comprised of
mostly White, college students at a state university. Another
difference between the current study and Myerson et al. is that
the current study used losses of significantly smaller magni-
tudes (i.e., lose $50 vs. lose $2,500) than Myerson et al. Studies
have shown significant effects of reward magnitude on reward
discounting rates (Green & Myerson, 2004; Green, Myerson, &
McFadden, 1997; Loewenstein & Thaler, 1989) but less clear
evidence on the effects of loss magnitude on loss discounting
rate (Harinck, Van Dijk, Van Beest, & Mersmann, 2007; Holt,
Green, Myerson, & Estle, 2008; Kahneman & Tversky, 1984).
More work on possible magnitude effects of delayed losses and
the correlates of increased discounting of losses and rewards is
needed, including studies of potential racial differences in delay
discounting in those with AUD.

In the current study, a WM load generally increased discount-
ing of delayed rewards but did not have a significant effect on
the discounting of losses. The lack of effect of a WM load on
discounting losses is consistent with the results of Gerst and
colleagues (2017), who found that a WM load did not increase
discounting of losses in either those with an AUD or controls.
Our results suggest that increased discounting of delayed re-
wards may reflect, in part, a difficulty shifting attention to
consider long-term rewards. However, contrary to our hypoth-

esis, the WM load significantly increased discounting rates only
in the control group and not in the AUD group. This effect is
contrary to the results of Finn et al. (2015), who found that a
WM load increased reward discounting rates across the exter-
nalizing spectrum. A possible reason for this discrepancy is that
the WM load was a between-groups manipulation in the Finn et
al. study, whereas it was a within-group manipulation in the
current study. It is also worth noting that a previous study by
Fridberg, Gerst, and Finn (2013) found some evidence of dif-
ferential effects based on sex and substance use disorder status
of a WM load on decisions on the Jowa Gambling Task. In that
study, male controls and females with externalizing psychopa-
thology were most profoundly affected by a WM load during
the Iowa Gambling Task.

Further complicating our results was a significant Sex X
Task X WM Load interaction that indicated that only males
experienced the significant increase in delayed discounting of
rewards under WM load. Consistent with the above results, the
WM load did not increase discounting of losses. Overall,
women did not show any significant effect of the WM load on
discounting of rewards or losses. This interaction is difficult to
interpret given inconsistent findings about discounting rates in
men compared with women, with some studies showing higher
rates in females (Wallace, 1979), some showing lower rates in
females (Kirby & Marakovic, 1996), and many showing similar
rates between sexes (Fillmore & Weafer, 2004; Reynolds, Rich-
ards, Dassinger, & de Wit, 2004; Skinner, Aubin, & Berlin,
2004). In addition, the limited literature about sex differences
(with or without AUD) in effects of WM load on discounting,
or general decision making, provides conflicting results (Finn et
al., 2015; Fridberg et al., 2013). More studies on the reliability
of WM load effects on delay discounting, and the correlates of
these effects, would provide more insight into the mechanisms
by which a WM load affects decision making in delay discount-
ing contexts.

The results of the current study need to be interpreted in light
of their limitations. First, the sample is mainly comprised of
Caucasian undergraduates recruited from a large Midwestern
university. This may affect generalizability to a different, or
more heterogeneous, sample. Similarly, the sample consists of
a rather narrow age range, which could limit generalizability to
other time points of AUD development. Another limitation was
the slight difference between increments used in the discounting
reward task ($5.00) and discounting of loss task ($2.50). How-
ever, in both tasks, discounting rates are calculated by averag-
ing the switch points of the ascending and descending trials at
each time delay. Therefore, calculation of hyperbolic discount-
ing rates (k value) would be insensitive to small differences in
task increments. A shortened delay discounting reward task was
utilized to reduce participant burden. This shortened reward
task has also produce comparable discounting rates along with
comparable associations between discounting rates and crite-
rion of interest as in previous studies using the full task ($2.50
increments; Bobova et al., 2009; Finn et al., 2015).

In conclusion, this study adds to the literature in two ways.
First, the results suggest that those with an AUD discount future
events associated with incentives in a general manner, regard-
less of whether those events are associated with rewards or
losses. This result makes a lot of sense when one considers that
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the drinking behavior of those with an AUD reflects a general
neglect of the future, whether that neglect involves not achiev-
ing future positive outcomes or goals, or the future negative
consequences of drinking. Heavy drinking, which may compro-
mise long-term goals, reflects a decision that favors the smaller,
immediate enjoyment of being intoxicated and neglects the
problems in attaining long-term goals, such as good grades and
successful careers. Heavy drinking in AUD syndromes appears
to favor the relief of the immediate discomfort of craving or
withdrawal, rather that avoiding the long-term negative health,
financial, legal, and social negative consequences of continued
excessive drinking.

Second, the effects of a WM load was apparent only on the
reward discounting task, which suggests a specific role for
attention control/shifting when deciding between a smaller im-
mediate reward versus a delayed larger reward.
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