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SUMMARY

Cocaine use disorder (CUD) remains a major public health concern, contributing
significantly to death and disability. One defining feature of CUD is the repeated use of cocaine
at the expense of alternative rewards. Importantly, the timescale on which drug rewards and
alternate rewards are delivered typically differs. While use of cocaine quickly leads to rewarding
effects, working towards alternative, long-term goals tends to involve more delay until reward
receipt. Rewards are generally perceived as worth less when people must wait longer to receive
them, and this phenomenon is called delay discounting. Individuals with CUD show relatively
steep delay discounting, indicating that they perceive the value of the reward as quickly
decreasing as the delay increases. Identifying modifiable factors that drive delay discounting will
help to target treatments to this key decision-making dysfunction. While some cognitive factors
have been investigated in relation to delay discounting, less is known about the roles of
emotional functioning and reward processing in the steep delay discounting seen in CUD. The
current study focuses on the relationship of delay discounting with distress tolerance and
depression symptoms. These factors are functionally significant areas of deficit in CUD and
show promise for future treatment approaches. Based on previous work on emotional
functioning, reward processing, and substance use disorders, we hypothesized: (1) lower distress
tolerance would relate to steeper delay discounting in treatment-seeking individuals with CUD
and (2) higher levels of depression symptoms and anhedonia would relate to steeper delay
discounting in treatment-seeking individuals with CUD. We also tested for possible quadratic
relationships of depression and anhedonia with discounting to evaluate alternative hypotheses.

Participants included 75 treatment-seeking individuals with CUD. Distress tolerance was

measured using both a self-report questionnaire (Distress Tolerance Scale) and a behavioral
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SUMMARY (continued)
measure of pain tolerance (Cold Pressor Task). Broad depression symptoms were self-reported
on the Beck Depression Inventory Second Edition, and anhedonia, a particularly relevant subset
of depressive symptoms, was self-reported on the Snaith-Hamilton Pleasure Scale. To assess the
relationship between these factors and temporal decision-making, we used multiple regression
analyses with AUClog and log k from the delay-discounting task as dependent variables.

We found that while self-reported distress tolerance showed no relationship with delay
discounting, a behavioral measure showed that lower levels of tolerance for physical pain was
associated with steeper delay discounting in treatment-seeking individuals with CUD. Results
also showed that depressive symptoms had a quadratic relationship with delay discounting, such
that low and high levels of depression were associated with steeper delay discounting compared
to moderate levels. Anhedonia showed a quadratic relationship with delay discounting as well,
but moderate levels of anhedonia were associated with steeper delay discounting in comparison
to low and high levels of anhedonia.

These findings provide meaningful insight into the distinct role which tolerating physical
distress may have in delay discounting. Further multi-method assessment of distress tolerance
will continue to clarify the distinctions noted here between self-reported distress tolerance and
physical pain tolerance as it pertains to temporal decision-making in CUD. Interestingly, the
relationships reported here for depression and anhedonia with delay discounting oppose each
other. This may reflect unique influences of negative mood versus reward-processing (hedonic
response and motivation) in decision-making in CUD. Collectively, these findings push the field
forward toward a deeper understanding of problematic decision-making in this treatment-seeking

population and offer a variety of potential treatment targets for further analysis.
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1. INTRODUCTION

Cocaine use disorder (CUD) is the fourth most common illicit substance use disorder in
the United States (Lipari & Park-Lee, 2019). Although less prevalent than marijuana, opioid, or
methamphetamine use disorders, CUD contributes significantly to health burdens through
disability and death, with these harms disproportionately affecting minority communities
(Degenhardt et al., 2014; Shiels et al., 2018). The United States reported a 3.5-fold increase in
the total number of deaths involving cocaine between 2010 and 2017 and an estimated 14,666
overdose deaths involving cocaine in 2018 (Centers for Disease Control and Prevention (CDC)
& National Center for Health Statistics (NCHS), 2020). Thus, cocaine use remains a pressing
public health concern. Understanding the processes that perpetuate the cycle of drug use in CUD
is critical to developing better treatments.

One defining and problematic feature of CUD is the repeated use of cocaine at the
expense of alternative rewards (American Psychiatric Association, 2014). Individuals with CUD
appear to compulsively choose the immediate rewarding effects of cocaine to the detriment of
long-term goals like maintaining good health, a steady job, reliable housing, and relationships
with friends and family. This phenomenon is reflected in the Diagnostic and Statistical Manual
of Mental Disorders, 5™ Edition (DSM-5) criteria for substance use disorder, which describes
symptoms including failure to meet obligations, giving up or reducing involvement in non-drug
activities, and use despite related physical or psychological problems (American Psychiatric
Association, 2014). Furthermore, treatment-seeking individuals clearly express the desire to
achieve long-term goals but still struggle to make decisions that reflect this desire in their

everyday lives, especially when faced with strong cravings. Understanding the cognitive and



emotional factors that underlie these seemingly suboptimal choices could help with the design of
more effective treatments for CUD.

One factor that appears to contribute to myopic decision-making in CUD is the timescale
on which drug rewards and alternate rewards are typically delivered. Although the pursuit and
use of drugs often quickly leads to rewarding results, working toward alternative rewards tends
to involve more delay until receipt of the reward. Choosing between immediate rewards and
delayed rewards is a task that all people face, and rewards are generally perceived as worth less
when people must wait longer to receive them. This phenomenon is typically assessed using
behavioral economic measures aimed at understanding economic decisions based on observable
choices. These measures include delay-discounting tasks in which an individual is asked to
choose between an immediate reward and a delayed but larger reward (Hamilton & Potenza,
2012; Volkow & Baler, 2015). These delay-discounting tasks capture the degree to which each
individual discounts the value of rewards based on delays. Individuals with steep delay
discounting perceive the value of the reward as quickly decreasing as the delay increases.
Consistent with the characteristics of CUD described above, individuals with CUD show steep
delay discounting compared to healthy controls (Coffey et al., 2003; Garcia-Rodriguez et al.,
2013; Kirby & Petry, 2004). Notably, studies suggests that those with CUD show the highest
rates of discounting seen in the literature thus far (Coffey et al., 2003; Garcia-Rodriguez et al.,
2013). Additionally, steeper delay discounting has been associated with higher symptom severity
in CUD (Amlung et al., 2017; Kirby & Petry, 2004). Thus, further understanding delay
discounting may be important in the treatment of CUD. Identifying modifiable cognitive,
emotional, and reward processing factors that drive delay discounting will help to target

treatments to this key decision-making dysfunction.



Although several studies have shown that cognitive factors such as working memory,
future thinking, and mindfulness are important in delay discounting (Ashe et al., 2015; Bickel et
al., 2011; Kurth-Nelson et al., 2012; Szuhany et al., 2018), research to date has not fully
addressed the role of emotional factors, such as feelings of depression, difficulty experiencing
pleasure, and ability to tolerate distress. While emotional functioning is generally known to
affect decision-making processes and outcomes (Lerner et al., 2015; Paulus & Yu, 2012),
relatively few studies have investigated the role of emotional function in relation to delay
discounting in substance using populations (Dennhardt & Murphy, 2011; Imhoff et al., 2014;
Rung et al., 2018; Torres et al., 2013; Tressova-Van Veldhoven et al., 2020). There are numerous
known deficits in emotional functioning and reward processing in individuals with CUD that
could potentially play key roles in determining the problematic, steep delay discounting seen in
this disorder. Here, we will specifically assess how distress intolerance and depression symptoms
including anhedonia relate to delay discounting in CUD. We focus on distress intolerance and
depression both because they are commonly elevated in CUD and because they show promise as
modifiable targets for treatment (Black & Amaro, 2019; Daughters et al., 2008; Fahmy et al.,
2018; Hatzigiakoumis et al., 2011). Understanding and addressing these factors may thus
improve providers’ ability to support individuals with CUD in making choices that promote
long-term goals.

One factor which may influence delay-discounting rates in individuals with CUD is
distress tolerance, a person’s ability and willingness to endure negative experiences. Previous
research has shown that substance dependent individuals have lower levels of distress tolerance
than healthy controls (Ozdel & Ekinci, 2014). In studies of smokers, various measures of distress

tolerance have shown associations with nicotine dependence, craving, latency to smoke, smoking



propensity, withdrawal severity, and risk of early lapse during a quit attempt (Brown et al., 2009;
Mathew et al., 2019; Mathew & Zhou, 2020; Otto et al., 2020; Trujillo et al., 2017).
Additionally, self-reported distress tolerance was shown to predict early treatment dropout in a
residential substance use treatment facility (Daughters et al., 2005). Although distress tolerance
appears to be an important factor in the development and maintenance of substance use disorders
broadly, less work in CUD has been published thus far. One study reported that high levels of
cocaine use were associated with low distress tolerance and major life stressors (O’Cleirigh et
al., 2007). A study in rats also showed that lower distress tolerance during an abstinence period
predicted higher levels of cocaine taking at the beginning of a reinstatement session (Moschak et
al., 2018). Taken together, previous work suggests a likely role of distress tolerance in
maintenance of CUD.

We theorize that low distress tolerance in CUD may relate to steep delay discounting, as
individuals with poor distress tolerance may desire to avoid distressing emotional experiences
associated with delaying gratification. Previous work has shown that negative urgency, which
describes an individual’s tendency to act impulsively when experiencing negative affect,
significantly predicted more choices of immediate reward in a mixed sample of healthy controls,
pathological gamblers, and cocaine dependent individuals (Torres et al., 2013). This suggests
that impulsive choices for immediate reward may be associated with increased urges to alleviate
negative emotional states. Consistent with the idea that low distress tolerance may drive steep
delay discounting in addictions, studies of alcohol use have shown a relationship between
distress tolerance and delay discounting. For example, one study found that low distress
tolerance was related to steeper discounting of delayed rewards, although only in individuals

with more problematic alcohol use (Rung et al., 2018). Dennhardt & Murphy (2011) also found



that low distress tolerance, high delay discounting, and alcohol problems were interrelated in a
sample of college students (although these relationships were only observed among African
American students, not European American students). Furthermore, lower levels of distress
tolerance have been associated with lower task-specific functional connectivity in the prefrontal
cortex in individuals regularly using cocaine and nicotine (Daughters et al., 2017). These brain
regions, which contribute to goal-directed behavior and decision-making, represent a pathway by
which distress and one’s ability to tolerate it may affect delay discounting. These findings
indicate that relationships between distress tolerance and delay discounting may be particularly
striking in substance use disorders. However, the relationship between these factors has not been
comprehensively studied in treatment-seeking individuals with CUD.

Other factors that could contribute to delay discounting in CUD are symptoms of
depression and particularly anhedonia. Negative mood and anhedonia are the two primary
symptoms associated with major depressive disorder (American Psychiatric Association, 2014).
Negative mood is a non-specific factor in mood disorders defined by the experience of negative
emotions and captured by symptoms of depression such as sadness, pessimism, feelings of guilt,
self-dislike, crying, feelings of punishment, and feelings of worthlessness (Joiner et al., 2003).
Anhedonia is defined as a loss of interest or pleasure in response to natural rewards, including
food, sex, and social interactions (Destoop et al., 2019). In one study of prevalence of depressive
symptoms in crack-cocaine smokers, 80% of the sample reported more than minimal depression
and 55% reported symptoms of moderate to severe depression (Falck et al., 2002). While
anhedonia can be a key symptom of depression, not all individuals with elevated symptoms of
depression experience anhedonia, which distinctly captures features of reward functioning that

other symptoms of depression do not. As compared to symptoms of depression more broadly,



anhedonia’s specific hedonic and motivational dimensions may contribute to distinct
relationships with goal-directed behavior such as delay discounting. Studies have shown that
individuals with CUD experience elevated levels of anhedonia (Destoop et al., 2019; Garfield et
al., 2014; Leventhal et al., 2010), and that anhedonia is related to worse treatment outcomes for
individuals with CUD (Crits-Christoph et al., 2018; Wardle et al., 2017). Experiencing either
negative mood or a lack of pleasure in response to commonly rewarding experiences could
influence an individual’s decision making when choosing between immediate and delayed
rewards. Several hypotheses for these relationships are discussed below.

Increased negative mood may relate to steeper delay discounting. Individuals who are
experiencing high levels of negative mood could be more motivated to seek an immediate reward
in an attempt to improve their mood. These individuals may experience short-sightedness and
low desire to wait for larger rewards, especially if low mood is accompanied by feelings of
hopelessness or low expectations of ever receiving a larger-later reward. Indeed, previous work
has shown that depressive symptoms are correlated with steeper discounting rates in non-CUD
populations (Imhoff et al., 2014; Mies et al., 2016; Pulcu et al., 2014; Szuhany et al., 2018; Yoon
et al., 2007). Similarly, negative experiences such as exposure to prolonged socioeconomic
hardship and elevated stress are associated with steeper delay discounting (Fields et al., 2014;
Oshri et al., 2019). Additionally, individuals with intensive heroin use showed increased delay
discounting during the imagined negative state of heroin withdrawal (Stoltman et al., 2015). This
effect may be even more pronounced in substance use populations, as one study found that
perceived stress only significantly predicted delay discounting in heavy smokers, but not

nonsmokers (Carim-Todd et al., 2016). These findings incorporating measures of depression and



negative mood states suggest that higher levels of negative mood may be associated with steeper
delay discounting in CUD.

Similarly, increased anhedonia may relate to steeper delay discounting. Individuals with
high levels of anhedonia may have increased desire to obtain immediate rewards in hopes of
experiencing pleasure that feels otherwise absent. Furthermore, if individuals experiencing high
levels of anhedonia perceive rewards as inherently less valuable, delay discounting in these
individuals may reflect the magnitude effect, in which rewards are more steeply discounted when
the reward magnitude is smaller overall (Amlung & MacKillop, 2011; Green et al., 1997). This
suggests that individuals experiencing more anhedonia may have steeper delay discounting.
Indeed, a recent study showed a positive correlation between anhedonia and delay discounting in
patients with an alcohol use disorder but not healthy controls (Tressova-Van Veldhoven et al.,
2020). Olson et al. (2018) showed that anhedonia is positively associated with steeper delay
discounting in trauma-exposed individuals. Research on smokers showed a relationship between
higher levels of anhedonia and quicker smoking initiation when delayed smoking was monetarily
rewarded (Leventhal et al., 2014). Studies have also shown that those with higher levels of
anhedonia experience stronger effects of urgency on nicotine dependence (Roys et al., 2016) and
of deprivation on smoking urges (Leventhal et al., 2009), suggesting that higher anhedonia may
be associated with urges to pursue the immediately rewarding effects of smoking. In contrast,
while Mies et al. (2016) found a positive relationship between delay-discounting rate and
depressive symptoms broadly, they did not find a significant relationship between delay
discounting rate and anhedonia as measured by a single-item in a self-report measure of

depressive symptoms. However, this work studied a non-clinical sample, and it may be that



individuals with substance use disorders who have higher levels of anhedonia do experience
steeper delay discounting.

While findings largely suggest that higher levels of depression and anhedonia are related
to steeper delay discounting, there are also alternative hypotheses. Less negative mood may
relate to steeper delay discounting. Individuals with very low symptoms of depression may have
a particularly strong desire to pursue salient, immediate rewards and therefore may also exhibit
steep delay discounting. One study found an interaction indicating that individuals who were
highly extraverted and experiencing a positive mood showed the steepest delay discounting
(Hirsh et al., 2010). Another study showed that mood moderates the relationship between self-
reported impulsiveness and delay discounting such that positive mood strengthens the
relationship (Koff & Lucas, 2011). These findings support the possibility that positive mood and
particularly low levels of depressive symptoms may actually be associated with steeper delay
discounting in CUD.

Likewise, less anhedonia may relate to steeper delay discounting. Individuals with low
levels of anhedonia may prefer immediate rewards due to increased approach motivation and
appetitive urges. Indeed, Lempert & Pizzagalli (2010) showed a negative correlation between
levels of anhedonia and delay-discounting rate in a healthy student population, suggesting that
low levels of anhedonia could actually be associated with steep delay discounting in individuals
with CUD.

Finally, it is also possible that both of these relationships are true, which would produce a
more complex quadratic (U-shaped or inverted U-shaped) effect with delay discounting.
Although directionality is unclear, previous reports have shown quadratic effects for depressive

symptoms predicting risky sexual behavior in select populations (Millar et al., 2017; Shiu et al.,



2014). Another study found that a biomarker for depression has shown a quadratic relationship
with delay discounting (Kimura et al., 2013). Studies have also shown a quadratic relationship
between reward sensitivity and body mass index (Davis & Fox, 2008; Verdejo-Roman et al.,
2017). Thus, the possibility of quadratic relationships of depression and anhedonia with delay
discounting in individuals with CUD merits further investigation. For example, both low and
high levels of depression symptoms may be related to steep delay discounting, with some
individuals motivated to seek immediate rewards due to low mood while others might display an
increased desire to pursue salient rewards associated with positive mood. Additionally, low
anhedonia may indicate high motivation for rewards while high anhedonia may indicate reward
hyposensitivity, yet both of these conditions will produce steeper delay discounting than average
levels of anhedonia. Alternatively, the opposite may be true: low anhedonia may produce reward
hypersensitivity while high anhedonia produces low motivation, such that both will have less
steep delay discounting than those with average anhedonia. Testing both simple linear and more
complex quadratic relationships will help clarify these relationships in the CUD population.

The aims of the current study are thus (1) to determine if distress tolerance is associated
with decision making in a delay-discounting task in individuals with CUD and (2) to determine if
depressive symptoms, and particularly anhedonia, are associated with decision making in a
delay-discounting task in individuals with CUD. Based on previous work on reward processing,
emotional functioning, and substance use disorders, we hypothesize: (1) lower distress tolerance
will relate to steeper delay discounting in treatment-seeking individuals with CUD and (2) higher
levels of depression symptoms and anhedonia will relate to steeper delay discounting in
treatment-seeking individuals with CUD. However, we will also test for possible quadratic

relationships of depression and anhedonia with discounting, as described above.



2. METHODS

2.1 Overall Design

This study was conducted in the context of a parent trial investigating contingency
management, Acceptance and Commitment Therapy, and modafinil as treatments for CUD
(ClinicalTrials.gov Identifier: NCT02896712). This analysis used behavioral and self-report
measures obtained during a general eligibility screening and a baseline session for the parent
study to assess delay discounting, distress tolerance, depression symptoms, and anhedonia. These
sessions included a medical examination, urine toxicology screen, and a clinical interview using
the Structured Clinical Interview for DSM-5 (SCID-5) administered by trained licensed
professional counselors under the supervision of a licensed clinical psychologist that were used
to establish inclusion and exclusion criteria. They also included a battery of self-report measures
and behavioral tests that provide the primary measures used in this study. This study provides a
secondary analysis of this baseline data using multiple regressions to examine how distress
tolerance and depression symptoms, including anhedonia, relate to delay discounting in
individuals with CUD.

2.2 Participants

Participants were drawn from a parent study conducted at the Center for Neurobehavioral
Research on Addictions within the Louis A. Faillace, MD, Department of Psychiatry and
Behavioral Sciences at McGovern Medical School at The University of Texas Health Science
Center at Houston. Recruitment strategies included newspaper and newsletter articles, public
service announcements on TV and radio, notices mailed to local professionals, and billboards

located throughout the local community.
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Participants were treatment-seeking individuals, 18 to 60 years old, who met current
DSM-5 criteria for CUD of at least moderate severity (>4 symptoms). To qualify, participants
also submitted at least one positive urine toxicology screen for the cocaine metabolite
benzoylecgonine (BE > 150 ng/mL) during screening, which ensured enrollment of only
individuals actively using cocaine. This sample reported using cocaine an average of 17.97 days
(SD =9.30) in the previous 30 days, and they reported an average of 15.47 years (SD = 8.61) of
regular cocaine use. This sample’s primary route of cocaine administration was smoking
(90.67%), but some individuals reported intranasal administration (9.33%).

Exclusion criteria included: 1. Meeting criteria for moderate or severe Substance Use
Disorders for substances other than cocaine, marijuana, alcohol, or nicotine; 2. Meeting criteria
for physiological dependence on alcohol requiring detoxification or other substance use that
makes participation medically unsafe; 3. The presence of significant and unstable psychiatric
disorders including active psychosis, dementia, or other axis | psychiatric or neurological
conditions requiring ongoing treatment or making study participation unsafe; 4. Medical
conditions or using medications known to be contraindicated for modafinil pharmacotherapy
(due to the medication used in the main study). Individuals with a past psychiatric history but not
reporting symptoms within the past 12 months prior to assessment or with stable medical
conditions or medications compatible with modafinil use were eligible. Included female
participants of childbearing potential agreed to use an acceptable method of birth control
(includes non-hormonal methods of contraception such as barrier contraceptives, intrauterine
devices, and steroid contraceptives) during the study, and pregnant women were excluded.

Participant eligibility was first determined in an eligibility screening, then eligible

individuals were invited to participate in the primary study and complete the baseline session.
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The self-report measure of anhedonia was administered during the screening, while all other
measures included in this analysis were administered at the baseline session. The screening and
baseline sessions were permitted to occur a few days apart.

All participants provided informed consent prior to their participation in the study, and
the study procedures were approved by The University of Texas Health Science Center at
Houston Institutional Review Board. The present analysis was determined by the University of
Illinois at Chicago Institutional Review Board as an activity that does not engage the University
of Illinois at Chicago. A Data Transfer and Use Agreement for a limited data set was established
between The University of Texas Health Science Center at Houston and University of Illinois at
Chicago.

2.3 Measures

2.3.1 Delay-Discounting Task

The delay-discounting task is a behavioral economic measure which describes how a
reward loses value as a function of increasing delay to its receipt (Amlung et al., 2017; Bickel &
Marsch, 2001). In the computerized task, participants were presented with repeated choices
between two hypothetical monetary outcomes. Previous work has shown high convergence
between delay discounting of hypothetical and real monetary outcomes (Lagorio & Madden,
2005; Matusiewicz et al., 2013) indicating the validity of using tasks with choices between
hypothetical rewards. The participants repeatedly chose between $1,000 after a fixed delay or a
smaller, immediate option ranging from $10 to $990. The value of the immediate option began at
$10 and was titrated to a point of subjective equality (the indifference point) at each fixed delay
(delay values range between 1 day and 25 years) based on the participant’s responding (Garcia-

Rodriguez et al., 2013). This allowed for a complete characterization of the delay-discounting
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function which was used to determine an indifference point for each participant. We described
delay discounting using AUClog, a variation of the atheoretical area under the curve method
which is particularly useful for representing high discounters like those often seen in substance
using populations (Borges et al., 2016; Coffey et al., 2003; Yoon et al., 2017, 2018). To calculate
AUClog values, we first log-transformed the delay values then entered them into the equation
AUClog = (D41 — D)((V; + Vi41)/2), where D; and D;, are consecutive delays and V; and
V; ., are the associated indifference points (Borges et al., 2016; Yoon et al., 2018). The AUClog
represents how much the value of the reward is affected by the delay, and a smaller AUClog
indicates steeper delay discounting. Additionally, we calculated log k derived from Mazur’s
(1987) hyperbolic equation V = A/(1 + kD) and ran analyses using this dependent variable to
confirm that the findings were robust in both measurements of delay discounting (Yoon et al.,

2017).

2.3.2 Distress Tolerance

We used two measures of distress tolerance in this study, one self-report scale and one
behavioral task. Using both allows for comparison of the two types of measures which have
occasionally (Vujanovic et al., 2018), but not typically (Macatee et al., 2015; Marshall-Berenz et
al., 2010; Mathew & Zhou, 2020; McHugh et al., 2011), converged in the past. We were thus
able to determine if either method of measuring this construct is a strong predictor of delay
discounting in CUD.

2.3.2.1 Distress Tolerance Scale (DTS)

The DTS (Simons & Gaher, 2005) is a 15-item self-report measure which indicates the
extent to which an individual believes they can experience and withstand distressing emotional

states. Each item (e.g. “I can’t handle feeling distressed or upset”) was scored on a 5-point Likert
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scale ranging between 1 (Strongly Agree) and 5 (Strongly Disagree). Factor analysis has shown
that the DTS consists of a second-order factor, Global Distress Tolerance, and four first-order
factors: Tolerance, Appraisal, Absorption, and Regulation (Simons & Gaher, 2005). The primary
outcome variable was the Global Distress Tolerance score which was calculated as the average
of the items, and higher scores indicate greater distress tolerance. Previous work has reported the
internal consistency of the DTS to be > .82 (Simons & Gaher, 2005).

2.3.2.2 Cold Pressor Task (CPT)

While the DTS measures self-reported distress tolerance, this characteristic can also be
measured behaviorally with tasks such as the CPT which has been widely implemented as a
measure of physical distress tolerance (Hayes et al., 1999). In this task, the participant’s hand
was exposed to ice water (1°C, 33°F verified by thermometer) intended to be safe but aversive
(Burns et al., 2004). The CPT has reliably induced increases in subjective pain, cortisol, beta-
endorphin, adrenocorticotropic hormone, blood pressure, and heart rate, indicating its strong
activation of the hypothalamic-pituitary-adrenal axis (Al’Absi et al., 2002; Bullinger et al., 1984;
Edelson & Robertson, 1986; Suzuki et al., 2007). Tolerance was defined as the length of time (in
seconds) until the participant reported that the discomfort was no longer tolerable or removed

their hand from the ice water, with a maximum time of 300 seconds.

2.3.3 Depressive Symptoms

We used two self-report measures of depressive symptoms in this study. One captured
information about symptoms of depression broadly, including both negative mood and
anhedonia, as has been done in previous work on depression and delay discounting in substance
use disorders. The other examined symptoms of anhedonia only, which may be more specifically

related to reward valuation and delay discounting.
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2.3.3.1 Beck Depression Inventory Second Edition (BDI-I1)

The BDI-II (Beck et al., 1996) is a 21-item self-report inventory that assesses the severity
of a wide range of depressive symptoms including both sadness and loss of pleasure. Each item
was rated on a 4-point scale ranging between 0 (e.g. “I get as much pleasure as | ever did from
the things I enjoy”) and 3 (e.g. “I can’t get any pleasure from the things I used to enjoy”). The
primary outcome variable was a summary score which ranged between 0 and 63 with higher
scores indicating more severe symptoms of depression. The BDI-II has high internal reliability
and improved validity over previous versions (Dozois et al., 1998; Wang & Gorenstein, 2013).

2.3.3.2 Snaith-Hamilton Pleasure Scale (SHAPS)

The SHAPS (Snaith et al., 1995) is a 14-item self-report scale that measures anhedonia.
The items asked participants how much they would enjoy pleasurable experiences across four
domains: social interaction, food and drink, sensory experience, and interest/pastimes. Each item
was rated by the participant on a 4-point Likert scale ranging between 0 (strongly disagree) and 3
(strongly agree), then reverse coded, and summed. The primary outcome variable was the
summed SHAPS score which ranges between 0 and 42 with higher scores indicating greater
anhedonia. We chose this continuous variable with a wide range rather than the original SHAPS
clinical cutoff scores which use categorization of symptoms as “clinically significant” and have a
smaller range (0-14). The SHAPS has high internal consistency, test-retest stability, and
convergent validity in this modified scoring format, including in individuals with substance use
disorders (Franken et al., 2007).

2.4 Analytic Approach

First, we determined if any demographic factors should be included as covariates.

Potential covariates included ethnicity (De Wit et al., 2007; Dennhardt & Murphy, 2011),

15



income (Epstein et al., 2014), years of education (De Wit et al., 2007), smoking status (Weidberg
et al., 2015), and alcohol use (Takahashi & Ohmura, 2009). We examined all potential covariates
for relationships with delay discounting, DTS, CPT, BDI-II, and SHAPS outcome variables. Any
demographic factor found to be highly related to both the outcome (delay discounting) and any
one of the predictor variables (DTS, CPT, BDI-Il, SHAPS) would be entered into analyses. This
approach of predetermining empirical criteria for covariate inclusion has been recommended for
analyses of the relation of baseline data to clinical outcomes (Assmann et al., 2000; Pocock et al.,
2002).

While it is not necessary for the predictors in a multiple regression to be normally
distributed, we assessed normality in the dependent variables, AUClog and log k from the delay-
discounting task, using the Shapiro-Wilk test to determine if transformations were necessary.
Additionally, we removed any nonsystematic delay-discounting data as identified by the
algorithm presented by Johnson and Bickel (2008).

We used multiple regression models to assess whether distress tolerance measures or
symptoms of depression, particularly anhedonia, predict behavior in the delay-discounting task.
We analyzed the correlations between our potential predictors (DTS, CPT, BDI-II, SHAPS) to
determine if any of these variables were highly correlated. If predictors were found to be highly
correlated, they would be collapsed to represent one common construct by averaging z-scores on
the predictors in question. We then ran separate hierarchical multiple regression models
predicting the delay-discounting AUClog and log k, including any covariates in Step 1, and our
predictors of interest in Step 2, to assess the unique contribution of our predictors of interest
above and beyond demographic covariates. Regarding our predictors of interest, as noted above,

we tested linear relationships with the DTS and CPT, representing our primary hypothesis about
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the relationship between distress tolerance and delay discounting and tested both linear and
quadratic relationships with the BDI-I1 and SHAPS scores, representing both our primary
hypotheses about the relationships between depression and anhedonia with delay discounting as
well as alternative hypotheses. We examined Cook’s distance to test for multivariate outliers and
re-ran analyses with outliers removed to test the robustness of the findings. We also tested for
heteroscedasticity in our models and planned to address it if found by fitting power polynomials
or transforming the predictor(s) according to an exponential, power law, logarithmic, or
reciprocal model. The overall models capturing the unique contribution of our predictors of
interest above and beyond any covariates were tested for significance at an alpha level of 0.05.
Planned follow up tests examining individual beta weights for each predictor were also
considered significant at an alpha level of 0.05.

We used R (R Core Team, 2018), R Studio (RStudio Team, 2015), and the following R
packages: afex (Singmann et al., 2020), car (Fox & Weisberg, 2019), moments (Komsta &
Novomestky, 2015), psych (Revelle, 2019), tidyverse (Wickham et al., 2019), and jtools (Long,
2019).

3. RESULTS

3.1 Demographics

75 participants completed the DTS, CPT, BDI-II, SHAPS, and delay-discounting
measures and were considered to have systematic delay-discounting data according to the
Johnson and Bickel (2008) criteria. Demographic characteristics are presented in Table 1. The
sample’s mean age was 49.68 years (SD = 7.66), and the mean number of years of education was
12.71 (SD = 1.50). Income information was only available for 74 individuals in the sample, but

mean income in the previous month was $1792 (SD = 3707.17). The sample was 21.33%
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Female, and self-identified race was 78.67% African American, 14.67% White, 1.33% Asian,
1.33% More than one race, and 4% Unknown/Not reported race. 8% of individuals reported
Hispanic/Latino ethnicity. In the sample, 68% of individuals reported they were current smokers.
The sample reported using alcohol an average of 8.09 days (SD = 9.11) in the previous 30 days,
and they reported an average of 15.57 years (SD = 12.74) of regular alcohol use (3 or more days
per week).

We examined these demographic characteristics to determine if any should be included as
covariates. As shown in Table 1, there were no significant relationships between measures of
delay discounting and age, years of education, gender, race, ethnicity, income, smoking status, or
alcohol use, indicating that these factors should not be included as covariates (Assmann et al.,
2000; Pocock et al., 2002). Thus, no demographic covariates were entered into analyses.

3.2 Reliability and Validity

The selected self-report questionnaires showed good reliability in this sample. Internal
consistency was high in the DTS (15 items; o = 0.88), BDI-II (21 items; o = 0.94), and SHAPS
(14 items; a = 0.93). As shown in Table 2, scores on the DTS and BDI-II were negatively
correlated (r = -0.51, p < 0.001), indicating that individuals reporting lower distress tolerance
also reported more symptoms or higher severity of depressive symptoms. Although this
relationship is significant, the correlation was not strong enough to result in problems with
multicollinearity, thus the DTS and BDI-1I were included as separate predictors in the regression
analyses. There were no other significant correlations between predictors in the analyses,
indicating that the DTS and CPT (r =-0.10, p = 0.41) measure unique aspects of distress
tolerance and the BDI-11 and SHAPS (r = 0.17, p = 0.15) measure distinct symptoms of

depression.
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Table 1

Demographic Characteristics and Relationships with Delay Discounting

AUClog Log k
Demographic Mean (xSD) or N (%)  Statistic p Statistic p
Age (years) 49.68 (7.66) r=004 071 r=-0.09 044
Education (years) 12.71 (1.50) r=017 014 r=-0.09 044
Income (previous month) 1792.00 (3707.17) r=-004 075 r=0.04 0.76
Gender t=133 019 t=-153 0.13
Female 16 (21.33%)
Male 59 (78.67%)
Race F=022 093 F=007 099
African American 59 (78.67%)
White 11 (14.67%)
Asian 1 (1.33%)
More than one race 1 (1.33%)
Unknown/Not reported 3 (4%)
Ethnicity t=-1.29 023 t=128 024
Hispanic 6 (8%)
Not Hispanic 69 (92%)
Smoking status t=149 014 t=-1.71 0.09
Smoker 51 (68%)
Non-smoker 24 (32%)
Alcohol use
Days in previous 30 days 8.09 (9.11) r=011 036 r=-0.02 0.89
Years of regular use ? 15.57 (12.74) r=0.0003 0998 r=004 0.74

Note. We used Pearson correlations to evaluate continuous variables, Welch’s t-tests to evaluate
variables with two groups, and one-way between-subjects ANOVAs to evaluate variables with
more than two groups. For descriptive statistics, N = 75 for age, education, gender, race,
ethnicity, smoking status, and alcohol use; N = 74 for income. For AUClog and log k statistics, N
= 72 for age, education, gender, race, ethnicity, smoking status, and alcohol use; N = 71 for
income.

4Regular use is defined as drinking alcohol on 3 or more days per week.
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Table 2

Descriptive Statistics and Correlations for Model Predictors

Variable M SD 1. DTS 2. CPT 3. BDI-Il 4. SHAPS
1. DTS 2.83 0.97 -

2. CPT 56.01 83.79 -0.10 -

3. BDI-II 15.17 12.28 -0.51%** -0.01 -

4. SHAPS 12.56 8.81 -0.06 0.12 0.17 -
Note. N = 75.

***p < 0,001, **p < 0.01, *p < 0.05

3.3 Delay Discounting

We used multiple regression models to assess whether distress tolerance or symptoms of
depression, including anhedonia, predict behavior in the delay-discounting task. The dependent
variable, AUClog from the delay-discounting task, was normally distributed. Using the algorithm
from Johnson and Bickel (2008) for determining nonsystematic delay-discounting data, we found
4 instances of data identified by Criteria 1 (any indifference point is greater than the preceding
one by a magnitude greater than 20% of the larger later reward) and 5 instances identified by
Criteria 2 (the last indifference point is not less than the first one by at least 10% of the larger
later reward). These 9 cases of nonsystematic delay discounting were removed prior to analyses
(N = 75).

The initial regression models accounted for 21.64% of the variance in AUClog (R? =

0.2164, F(6,68) = 3.13, p = 0.009) and 21.52% of the variance in log k (R = 0.2152, F(6,68) =
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3.11, p = 0.009). Based on Cook’s distance, three multivariate outliers were removed in each
analysis (N = 72). For DTS, BDI-11, and SHAPS, the model findings remained the same with
outliers removed, indicating that these findings are not solely attributable to the influence of
outliers in the sample. However, while the relationship between CPT and AUClog was not
significant in the initial model (B = 0.0004, p = 0.053), this effect was significant after removal
of outliers (B = 0.0005, p = 0.03). The relationship between CPT and log k was significant with
(B =-0.005, p = 0.049) and without outliers (B =-0.005, p = 0.03). Table 3 reports models with
multivariate outliers removed (N = 72), and all reported models passed testing for
heteroscedasticity.

The final models accounted for 20.44% of the variance in AUClog (R? = 0.2044, F(6,65)
=2.78, p = 0.018) and 24.01% of the variance in log k (R? = 0.2401, F(6,65) = 3.42, p = 0.005).
As these results were substantively similar in the final models for AUClog and log k, only the
final model with AUClog is reported in depth below.

3.3.1 Relationship with Distress Tolerance

We tested linear relationships with the DTS and CPT to evaluate the hypothesis that
lower distress tolerance relates to steeper delay discounting in treatment-seeking individuals with
CUD. Scores of self-reported distress tolerance as measured by the DTS did not significantly
relate to delay-discounting behavior (Figure 1A; B =-0.028, p = 0.19). Analyses did reveal a
significant relationship between distress tolerance as measured by the CPT and delay discounting
(Figure 1B; B =0.0005, p = 0.03). As hypothesized, low distress tolerance in the CPT was

related to steeper delay discounting.
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3.3.2 Relationship with Depressive Symptoms

To test our hypotheses that higher depressive symptoms, particularly anhedonia, are
associated with steeper delay discounting in treatment-seeking individuals with CUD, we tested
for independent, linear relationships of BDI-11 and SHAPS with delay discounting. We
additionally assessed alternative hypotheses by testing for a quadratic relationship between
depressive symptoms on the BDI-II and delay discounting as well as a quadratic relationship
between anhedonia measured by the SHAPS and delay discounting.

While there was no significant linear effect of the BDI-11 with delay discounting ( =
-0.014, p = 0.94), there was a significant quadratic relationship between scores on the BDI-II and
delay discounting (Figure 1C; p =-0.303, p = 0.047). In line with an alternative hypothesis, this
relationship shows that relatively low and high levels of depressive symptoms on the BDI-II
were related to steeper delay discounting (smaller AUClog values) as compared to average
scores on the BDI-II in this sample.

Analyses revealed no significant linear effect of the SHAPS with delay discounting (p =
0.016, p = 0.92). However, there was a significant quadratic relationship between scores on the
SHAPS and delay discounting (Figure 1D; g = 0.489, p = 0.004). Contrary to the hypothesis,
average levels of anhedonia in the sample were related to steeper delay discounting (smaller

AUClog values) as compared to relatively low and high levels of anhedonia on the SHAPS.
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Table 3

Statistical Results for Multiple Regression Models of Delay Discounting

Effect AUClog Log k
Estimate SE p Estimate SE p

Intercept 0.374 0.017 <0.001*** -3.253 0.189 <0.001***
DTS (linear) -0.028 0.021 0.19 0.297 0.229 0.20
CPT (linear) 0.0005 0.0002 0.03* -0.005 0.002 0.03*
BDI-II (linear) -0.014 0.179 0.94 0.021 1.955 0.99
BDI-II (quadratic) -0.303 0.150 0.047* 4.317 1.650 0.01*
SHAPS (linear) 0.016 0.153 0.92 -1.941 1.664 0.25
SHAPS (quadratic) 0.489 0.164 0.004** -4.855 1.798 0.009**
R? 0.2044 0.2401
Adjusted R? 0.1309 0.1699
Observations 72 72
F-statistic 2.783 3.422
p 0.018* 0.005**

Note. Beta estimates and standard errors (SE) are presented.

**%p < 0,001, **p < 0.01, *p < 0.05
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Figure 1.

Effects of Distress Tolerance and Depression Symptoms on Delay Discounting
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Note. Data presented are predicted values from final regression model with 95% confidence
intervals shaded.
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4. DISCUSSION

This secondary analysis on emotional factors and decision-making in individuals with
CUD helps clarify complex relationships which may contribute to the maintenance of this
disorder. The aims of the current study were (1) to determine if distress tolerance is associated
with decision making in a delay-discounting task in individuals with CUD and (2) to determine if
depressive symptoms, and particularly anhedonia, are associated with decision making in a
delay-discounting task in individuals with CUD. We found that while self-reported distress
tolerance showed no relationship with delay discounting, lower levels of distress tolerance for
physical pain were associated with steeper delay discounting. We found that depressive
symptoms had a quadratic relationship with delay discounting, such that low and high levels of
depression were associated with steeper delay discounting than moderate levels. Anhedonia also
showed a quadratic relationship with delay discounting, but in this case, moderate levels were
associated with steeper delay discounting in comparison to low and high levels of anhedonia.

This analysis yielded interesting findings related to distress tolerance in CUD. In contrast
with previous research, we found that self-reported distress tolerance did not significantly relate
to delay discounting. Previous work showed that self-reported distress tolerance was
significantly correlated with delay discounting in heavy-drinking college students (Dennhardt &
Murphy, 2011; Rung et al., 2018) and predicted alcohol-related problems in African American
students (Dennhardt & Murphy, 2011). Notably, these previous studies examined samples
younger in age (M = 19.51 years, SD =1.99 in Dennhardt & Murphy, 2011; Median = 22 years,
range =18-54 in Rung et al., 2018) than in the present study. This may have contributed to the
difference in outcome, as older age has been associated with higher distress tolerance (Rung et

al., 2018) and delay discounting typically becomes less steep in individuals over the age of 30

25



due to the maturation of brain areas related to decision-making and impulsivity (Green et al.,
1996; Ross et al., 2013; Yoon et al., 2007). Additionally, these previous studies failed to see
these effects generalize to their full sample of college students (Rung et al., 2018) or European
American students (Dennhardt & Murphy, 2011), which indicates some instability in these
effects.

Using a behavioral measure of distress tolerance, we found that lower tolerance for
physical pain was related to steeper delay discounting. This finding suggests that an inability to
tolerate negative physiological experiences may confer difficulty in resisting immediate rewards
and making decisions associated with long-term benefits. Similarly, Mathew et al. (2019) found
that tolerance of physical pain was uniquely related to smoking choice in adult daily smokers,
while measures of respiratory distress and psychological distress were not. Given the lack of
convergence of measures of distress tolerance in relation to cessation-related outcomes in
smokers (Mathew & Zhou, 2020), these findings provide useful evidence distinguishing between
self-reported distress tolerance and physical pain tolerance as they relate to decision-making in
CUD.

In this sample, we found no significant correlation between scores on the self-report
measure of distress tolerance and the behavioral measure of physical pain tolerance. This
indicates that these two aspects of distress tolerance are dissociable in this sample and supports
the finding that only self-reported distress tolerance was associated with delay discounting in our
analyses. While these measures have occasionally shown overlap (Vujanovic et al., 2018), our
finding is consistent with numerous investigations showing divergence between self-report
measures of distress tolerance and behavioral measures of physical distress tolerance (Macatee et

al., 2015; Marshall-Berenz et al., 2010; Mathew & Zhou, 2020; McHugh et al., 2011).
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Further comprehensive, multi-method assessments of distress tolerance in CUD will be
needed to replicate these findings and solidify connections with ecologically valid factors related
to abstinence and relapse, such as choice of cocaine over other delayed rewards. Additionally,
Torres et al. (2013) showed a relationship between negative urgency and preference for sooner-
smaller rewards in a mixed sample of healthy controls, pathological gamblers, and individuals
with cocaine dependence. Direct analysis of negative urgency as a mediator of the connection
between low distress tolerance and delay discounting will shed additional light on the contextual
meaning of this initial finding in CUD. In addition to this analysis of decision-making regarding
gained rewards, it may be useful to assess the relationship of distress tolerance with delay
discounting for aversive consequences in this population. This can be done with procedures that
ask participants to choose between a small loss immediately and a larger loss at a delay. In such
studies, individuals typically discount future losses less than future gains, and this is referred to
as the sign effect (Estle et al., 2006; Mies et al., 2016; Thaler, 1981). Previous work has shown
that delay discounting for losses, but not gains, relates to frequency of alcohol use (Takahashi &
Ohmura, 2009). In individuals with CUD, it may be that distress tolerance is uniquely related to
delay discounting for losses which may be associated with more distress than gains.

Our findings did not support the primary hypotheses that depressive symptoms and delay
discounting have a linear relationship in treatment-seeking individuals with CUD. The results
did, however, reveal a significant quadratic relationship between depressive symptoms and delay
discounting, such that relatively low and high levels of depressive symptoms were related to
steeper delay discounting as compared to average levels of depressive symptoms in this sample.

One explanation for those experiencing little to no symptoms of depression is that steep

delay discounting may be due to relatively positive mood associated with a desire to urgently
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pursue salient rewards. This aligns with the finding that, in individuals who were highly
extraverted, experiencing a positive mood was associated with steeper delay discounting (Hirsh
et al., 2010). Another study found that positive mood strengthens the relationship between self-
reported impulsiveness and delay discounting in undergraduate students (Koff & Lucas, 2011).
Perhaps underlying personality traits may also moderate the effect seen here.

Interestingly, in this sample of treatment seeking individuals with CUD, self-reported
moderate depression symptoms were associated with increased preference for the delayed
rewards compared to those reporting minimal depression or more severe depression. It is
possible that moderately negative mood may be protective in this population when temporal
decision making is concerned. Consistent with this, in a sample of cocaine polysubstance-using
individuals, exposure to negative affective images was associated with a preference for risk-
averse choices in the lowa Gambling Task to such a degree that this group was comparable to
controls (Fernandez-Serrano et al., 2011). Those in the study who were exposed to positive,
drug-related, and neutral images showed patterns of maladaptive risky choices in the task and
performed significantly poorer than controls.

Furthermore, individuals with CUD who are highly depressed likely show steep delay
discounting due to an increased preference for immediate rewards to compensate for low mood.
This explanation for high levels of depression associated with steep delay discounting follows
the bulk of the literature which also reflects this relationship in non-CUD populations. A 2014
study showed that delay discounting and depression were positively correlated, and individuals
classified as non-depressed non-smokers discounted significantly less than those who were
smokers, depressed, or both (Imhoff et al., 2014). Depressive symptoms were also associated

with steeper discounting in students (Mies et al., 2016), pregnant women (Yoon et al., 2007), and
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community populations (Szuhany et al., 2018). Finally, diagnoses of major depressive disorder
was significantly related to steeper delay discounting, and severity of depression symptoms was
correlated with steeper delay discounting (Pulcu et al., 2014). It should be noted that none of
these studies evaluating the relationship between depression and delay discounting reported
investigating quadratic effects. It is possible that published studies may have missed significant
quadratic effects of depression symptoms and delay discounting due to only testing linear
relationships in their samples.

While published studies using direct measures of depressive symptoms such as self-
report questionnaires and clinical interviews have not previously found a quadratic relationship
with delay discounting, one study did find such an effect when measuring C-reactive protein, a
biomarker for depression (Kimura et al., 2013). C-reactive protein is a nonspecific acute-phase
protein positively associated with depressive symptoms including mild symptoms in non-clinical
individuals (Howren et al., 2009). Kimura et al.’s research showed a significant quadratic effect
where steeper delay discounting rates were associated with low and high baseline concentrations
of C-reactive protein. Although this study does not directly measure depressive symptoms, this
evidence does align with the current finding and provides a potential biological mechanism by
which the effect could be mediated.

For anhedonia, our findings again did not support the primary hypothesis of a linear
relationship with delay discounting. Rather, we found a significant quadratic relationship
between the two factors. In this case, moderate levels of anhedonia in the sample were related to
steeper delay discounting as compared to relatively low and high levels of anhedonia. This

finding notably contrasts with the results for depression symptoms broadly. This divergence
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suggests unique functional roles of these constructs in CUD, with depression symptoms likely
reflecting the role of mood while anhedonia specifically indicates the role of reward functioning.

One explanation for those with low levels of anhedonia centers around the magnitude
effect. Because individuals with low levels of anhedonia have intact reward responsivity, they
perceive reward magnitudes more accurately than those with more anhedonia who perceive them
as smaller. Previous work has shown that rewards with larger magnitude are less steeply
discounted by delay (Amlung & MacKillop, 2011; Green et al., 1997). This magnitude effect
may thus explain the higher preference for the later, larger rewards seen in individuals with little
to no anhedonia and CUD. A recent study showed that reward sensitivity was indeed inversely
related to anhedonia in individuals with alcohol use disorder and controls (Tressova-Van
Veldhoven et al., 2020). They also saw a positive correlation between anhedonia and delay
discounting in the alcohol use disorder group only. Another study showed that higher reward
sensitivity is related to more rational decision-making on the lowa Gambling Task in healthy
volunteers (Franken & Muris, 2005).

Individuals with moderate levels of anhedonia may be influenced by reduced reward
sensitivity and perception of reward magnitude as compared to those with little to no anhedonia.
In addition, those with moderate anhedonia may still have intact motivation and appetitive urges
compared to those with high levels of anhedonia. This specific combination of influences may
then confer higher vulnerability to steep delay discounting in these individuals as compared to
those with low and high anhedonia. We found that the average levels of anhedonia in this sample
of treatment-seeking individuals with CUD contributed to the most problematic pattern of delay

discounting with a preference for smaller, sooner rewards over delayed gratification.
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However, those with even higher levels of anhedonia in this sample showed a preference
for choosing later, larger rewards in the delay-discounting task. This relationship may potentially
be due to decreased approach motivation and appetitive urges associated with high levels of
anhedonia. A study of individuals with major depressive disorder found that levels of
anticipatory anhedonia predicted motivation to exert effort for the rewards (Sherdell et al., 2012).
Another study in a college student sample showed that anhedonia was negatively associated with
self-report of approach motivation (Germans & Kring, 2000). These studies show that deficits in
anticipation of rewards reduce motivation for rewards, and this suggests that individuals with
CUD and high levels of anhedonia may experience low motivation to pursue the immediate
rewards offered. This explanation is also supported by Lempert & Pizzagalli's (2010) work
which showed a negative correlation between levels of anhedonia and delay-discounting rate in a
healthy student population. Future studies will benefit from further consideration of quadratic
effects related to the complex symptom of anhedonia and its impact on behaviors. Studies may
also add to this work by assessing levels of anhedonia as they relate to temporal decision-making
for rewards in ecologically valid contexts for individuals with CUD. Additional measures
distinguishing between hedonic response and motivation for rewards may also clarify the
underlying processes contributing to this finding.

Further indications of the differences between depression symptoms broadly and
anhedonia specifically can improve our understanding of these divergent results for their
relationships with delay discounting. Despite their shared connection in measuring symptoms of
major depressive disorder, scores on the BDI-11 and SHAPS were not correlated in this sample.
This demonstrates minimal overlap between reports of broad depression symptoms and specific

experiences of anhedonia in these self-report questionnaires. Indeed, measures of depression
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symptoms largely assess indicators of mood while measures of anhedonia particularly probe for
reward-related interests, behaviors, and responses. This divergence indicates the need to measure
distinct symptoms of heterogenous disorders such as depression, especially when considering the
impact of these symptoms on other disorders including CUD where specific symptoms such as
anhedonia are likely to show unique effects.

It is worth noting that scores on the BDI-11 and DTS were moderately correlated in this
sample, such that higher severity of depression was associated with lower distress tolerance. This
finding aligns with previous reports of significant correlations between these measures in
samples of patients with substance dependence (Ozdel & Ekinci, 2014), individuals in residential
substance use treatment (Magidson et al., 2013), and cocaine-dependent adults (Vujanovic et al.,
2016). This relationship appears widely generalizable, including to treatment-seeking individuals
with CUD.

Limitations of this study include generalizability to individuals with certain common
comorbid conditions (e.g., opioid use disorder, alcohol use disorder with physical dependence,
major cardiovascular disease) due to exclusion criteria necessary to ensure participant safety for
the main study from which this data was obtained. In particular, the study’s sample does not
include individuals with moderate or severe polydrug use (other than cocaine, marijuana,
alcohol, or nicotine), physiological dependence on alcohol, or medical conditions or medications
contraindicated for modafinil pharmacotherapy. Furthermore, all measures are cross-sectional.
Due to this study design, causal relationships between variables cannot be inferred. The temporal
relationships between drug use, delay discounting, and difficulties with distress tolerance or
depression symptoms remain unclear. It is also possible that the significant relationships reported

here may be artifacts produced by the outcomes of a common variable that was not assessed. For
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example, early life adversity is related to increased anhedonia, poorer emotion regulation, and
steeper delay discounting according to a review by Duffy et al., 2018. One particular study found
that individuals with CUD who had been put in foster care and/or put up for adoption showed
steeper delay discounting than others with CUD (Ross et al., 2013). Previous studies have also
found that steeper delay discounting is associated with lower scores on measures of intelligence
(Olson et al., 2007; Shamosh et al., 2008) which could present as a confounding factor here.

Despite these limitations, this study does indicate that steep delay discounting is
associated with physical distress tolerance, depression symptoms broadly, and anhedonia in
treatment-seeking individuals with CUD. Establishing the relationships between these variables
is a key first step in suggesting potential ways to ameliorate steep delay discounting in treatment
of CUD. Future studies should seek to replicate these novel findings and assess the potential for
meaningfully incorporating this information into effective treatment approaches. Studies should
address whether treatments targeting physical pain tolerance, depression, or anhedonia also
affect delay discounting in CUD. Research should also assess if interventions aimed at these
constructs are more effective for those who particularly struggle with distress tolerance,
depression, or anhedonia during treatment for CUD.

In relation to distress tolerance deficits in this population, acceptance-based training may
be beneficial as it was shown to significantly decrease discounting of monetary rewards and
increase distress tolerance in an undergraduate sample (Morrison et al., 2014). Additionally,
there is evidence that therapeutic dose of a mindfulness-based intervention relates significantly
with improved distress tolerance in women with substance use disorders (Black & Amaro, 2019).
Another study found that a mindfulness-based intervention was associated with improved

distress tolerance in individuals with opioid use disorder (Fahmy et al., 2018). These
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interventions are likely to also impact distress tolerance in treatment-seeking individuals with
CUD and may additionally impact its relationship with temporal decision-making in this
population.

Prior research suggests that individuals with addiction may also benefit from treatment
focused on anhedonia (Destoop et al., 2019; Hatzigiakoumis et al., 2011), and the findings
reported here provide evidence for delay discounting as one mechanism that could potentially
contribute to this relationship. Behavioral activation, a well-established treatment for depression,
focuses on increasing engagement in meaningful activities (Nagy et al., 2020), and the evidence
supports its effectiveness for this purpose in individuals with substance use disorders (Daughters
et al., 2008). There is also evidence that behavioral activation reduces anhedonia (Walsh et al.,
2019) and may be particular effective at treating depression in individuals with elevated
anhedonia (Carl et al., 2016). Further, dopaminergic medications show promise for addressing
anhedonia in individuals struggling with CUD (Hatzigiakoumis et al., 2011). These are
promising avenues for interventions focused on anhedonia and promoting reward-related
behaviors consistent with treatment goals for individuals with CUD.

Additionally, further study is needed of delay discounting and the effect of potential
treatments for this key factor on symptoms of distress tolerance, depression, and anhedonia.
Working memory training has been related to improvements in delay discounting in people with
stimulant addictions (Bickel et al., 2011). Episodic future thinking, which promotes cognitive
engagement with distant future rewards, is another promising approach to treating delay
discounting in substance use disorders (Snider et al., 2016; Stein et al., 2016).

In summary, in treatment-seeking individuals with CUD, results suggest that self-

reported distress tolerance does not relate to delay discounting, but lower tolerance for physical
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pain in a behavioral task is associated with steeper delay discounting. Low and high levels of
depression symptoms appear to be associated with steeper delay discounting while only
moderate levels of anhedonia are associated with steeper delay discounting. These findings push
the field forward toward a deeper understanding of problematic decision-making in this

treatment-seeking population.
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