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Abstract

Exploration of the real-time relationship between substance use and delay discounting may
reveal potential mechanisms driving high-risk behaviors. We conducted an ecological momentary
assessment (EMA) study to investigate the effects of substance use on delay discounting in a
sample of people who use stimulants (HIV+: 30; HIV-: 34). Participants completed multiple
EMA s throughtout the day for 28 days. The EMAs collected data on delay discounting and
substance use (time since last substance use and level of intoxication). Delay discounting was
assessed using a brief Monetary Choice Questionnaire (MCQ). Analyses were conducted using
linear mixed effects modeling. Most participants (99.1%) used cocaine as their primary stimulant.
Among participants without HIV, MCQ score remained relatively stable during the first 2 hours
after stimulant use, followed by an increase during 2—6 hours (p<0.05), before decreasing again.
For alcohol and marijuana, the MCQ score was stable during the first 4 hours after use, with a
sharp increase at 4—6 hours (p<0.05), before decrease again. Among participants with HIV, there
were no changes in MCQ score as a function of time since recent substance use. These findings
provide evidence of a plausible connection between delay discounting and acute withdrawal that
may have relevance for risky behaviors.
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Introduction

Stimulants remain a commonly used class of drug in the United States (Piper et al., 2018).
In 2018, the prevalence of past month use was estimated to be 2.2 million for cocaine

and 0.8 million for methamphetamine (Bose, Hedden, R.N., & E, 2018). Both cocaine and
methamphetamine produce an intensely pleasurable “rush”, followed by euphoria along
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with increased energy, attention, wakefulness, and activity (National Institute on Drug
Abuse (NIDA), 2016b, 2019). Acute withdrawal symptoms that can emerge within hours
of last use include exhaustion, hypersomnia, dysthymia, irritability, and lack of cravings
(Jenner & Saunders, 2005). Many people who use stimulants also use other substances,
including alcohol, marijuana, and opioids (Herbeck et al., 2013; John & Wu, 2017). While
both cocaine and methamphetamine are neurotoxic (Jablonski, Williams, & Vorhees, 2016;
Mader, Ramos, Cruz, & Branch, 2019), chronic substance use in general disrupts neural
circuitry implicated in reward-based decision making (Volkow et al., 2010; Volkow, Wang,
Tomasi, & Baler, 2013). These changes are associated with a wide range of risky behaviors
(Wardle, Gonzalez, Bechara, & Martin-Thormeyer, 2010).

Delay discounting has been applied to examine pathological decision making across a range
of psychological disorders and unhealthy behaviors (Amlung, Petker, Jackson, Balodis,

& MacKillop, 2016; Bickel, Johnson, Koffarnus, MacKillop, & Murphy, 2014; Jackson

& MacKillop, 2016). Delay discounting indexes the subjective reduction in the value

of a future reward as the delay to that reward increases (Mazur, 1987; McKerchar et

al., 2009). Money is most often used in these delay discounting tasks because it is a
secondary reinforcer that is universally understood and has broad applicability. Monetary
delay discounting, although specific to financial impulsivity, has become a domain-general
measurement in the delay discounting paradigm. It has been shown to be associated

with a number of health-related behaviors, such as unprotected sex, gambling, smoking
initiation, substance use, and relapse following substance use cessation (Albein-Urios,
Martinez-Gonzalez, Lozano, & Verdejo-Garcia, 2014; Audrain-McGovern et al., 2009;
Jones et al., 2018; Yoon et al., 2007).

Numerous studies have reported steeper delay discounting of monetary reward among
individuals with stimulant, alcohol, and marijuana use disorders compared with non-drug
using controls (Ashe, Newman, & Wilson, 2015; MacKillop et al., 2011). While the effects
of chronic substance use on delay discounting have been well-established, the moment-
to-moment variability of delay discounting within individuals following substance use is
not well understood. Identifying the acute effects may be critical to understanding the
processes involved in risk behavior and identifying targets for behavioral interventions.
Findings of laboratory studies have suggested that monetary delay discounting does not
change following acute administration of cocaine, alcohol, or cannabidiol (Adams, Attwood,
& Munafo, 2017; Hindocha et al., 2018; M. W. Johnson, Herrmann, Sweeney, LeComte,
& Johnson, 2016; P. S. Johnson, Sweeney, Herrmann, & Johnson, 2016). However, these
studies were conducted in strictly controlled lab environments with precise dosage of the
administered subtance and timing of delay discounting measurements. As such, findings
of these studies may not reflect real-life situations, which can be influenced by social and
environmental cues that are absent in the laboratory.

Ecological momentary assessment (EMA) methods provide an opportunity to evaluate the
real-world effects of substance use on delay discounting in daily life. With numerous time
points, it is possible to assess temporal changes of a phenomenon with respect to a specific
event such as patterns of delay discounting associated with substance use. Mobile health
(mHealth) technologies, including smartphone apps, have been developed and applied in
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medical care and public health studies to implement EMA methods. Research findings

have supported the validity, reliability, feasibility, and acceptability of EMA using mHealth
technology in a wide range of health behaviors and conditions, including chronic medical
diseases (Kamarck, Li, Wright, Muldoon, & Manuck, 2018; Kratz, Murphy, & Braley,
2017), lifestyle (Biddle, Gorely, Marshall, & Cameron, 2009; Schumacher et al., 2018),
risky sexual behaviors (Mackesy-Amiti & Boodram, 2018; Newcomb & Mustanski, 2014),
and substance use (Diener & Emmons, 1984; Moskowitz & Young, 2006; Yang et al., 2015).
However, to our knowledge, EMA methods have not been applied to study within-person
change in delay discounting in relation to recency of substance use.

The association between HIV infection, substance use, and delay discounting is
inconclusive. Some studies have linked HIV infection to impairments in decision-making
capacities (ludicello et al., 2013; E. M. Martin et al., 2013; Vassileva et al., 2013).

Prior work within our research group has also shown that HIV infection can alter brain
functioning in regions that support intertemporal decision making (Meade et al., 2016).
This study found that participants with HIV demonstrated significantly larger increases than
participants without HIV in activation in the prefrontal cortex when they made choices
between smaller, sooner monetary rewards and larger, delayed rewards. These changes were
significantly associated with lower nadir CD4+ T cell counts. In addition, studies have found
an interactive effect of cocaine use and HIV infection on the neural circuitry of monetary
decision making (Meade et al., 2018; Meade et al., 2017). However, a behavioral study did
not find an independent effect of HIV on delay discounting in a sample of persons with a
history of substance use (E. M. Martin, Gonzalez, Vassileva, & Bechara, 2019).

Using mHealth technology, we conducted this EMA study to collect real-time data on
delay discounting and substance use in a sample of people who use stimulants. Participants
completed a monetary delay discounting task at randomly prompted times throughout the
day and reported on recent substance use on a smartphone. We aimed to evaluate the
within-person changes in monetary delay discounting in relation to recency of substance
use. In contrast to experimental studies that have not identified a relationship between acute
intoxication and delay discounting, we expected that delay discounting would be highest
immediately following substance use. In addition, given the mixed findings of the effects
of HIV and substance use on delay discounting, we also tested whether HIV infection
modulates the relationship between acute substance use and delay discounting.

Participants were enrolled in a cohort study of people who use stimulants with and without
HIV. Inclusion criteria for the mHealth study were: 1) 18-59 years old; 2) stimulant use
(cocaine or methamphetamine) in the past 30 days; 3) sexual activity in the past 30 days;

4) literacy; and 5) willingness to use a smartphone to complete the assessments for 28 days.
Participants who met these eligibility criteria were invited to participate in the mHealth
study between June 2017 and May 2019.
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After providing written informed consent, study staff provided training on how to use

the study app, an overview of the assessments, and an explanation of the compensation
schedule. Participants had the option of borrowing a study smartphone (iPhone SE or 6S) or
using their own smartphone.

To account for the reality that participants would not be able to complete EMAS at all times
of the day due to work schedules, sleep, and other restricting activities, participants received
four prompts each day between 12:00PM and 2:00AM. The prompts were programmed

to occur randomly within four fixed time blocks (12:00PM-3:30PM, 4:00PM-7:30PM,
8:00PM-11:30PM, and 12:00AM-2:00AM). Participants were notified of each assessment
via a push notification on their smartphone. If the assessment was not initiated within 30
minutes, a second push notification was sent. After 60 minutes, the assessment period closed
and responses could no longer be submitted. All assessments were programmed using the
MetricWire mobile app (Trafford, 2015). The EMASs included a brief delay discounting
questionnaire, followed by questions on substance use and related variables. The delay
discounting items were administered first in order to avoid potential priming effects. At the
end of 28 days, participants returned to the lab for a follow-up session during which they
returned the study equipment or deleted the study app from their personal phone.

Participants were compensated $25 each for the enrollment visit and the follow-up visit.
Participants who borrowed a study phone received a $50 bonus when the phone equipment
was returned, while participants who used their own phone received a $50 bonus to
compensate them for data usage. To incentivize survey compliance, participants were
compensated on a weekly basis for the number of completed EMAs. Participants received:
$16 for completing =23 surveys; $12 for 20-22 surveys; $10 for 17-19 surveys; $8 for
14-16 surveys; $6 for 7-13 surveys; and $3 for 1-6 surveys. All payments were made on
a reloadable debit card. Study procedures were approved by the institutional review board
at Duke University Health System (Protocol number: Pro00069412; Protocol title: Project
Avenir - New Approaches to Decision Making and HIV Risk Research)

Delay discounting—This study used an adapted version of the Monetary Choice
Questionnaire (MCQ-36) (Kirby, Petry, & Bickel, 1999; Towe, Hobkirk, Ye, & Meade,
2015). The MCQ measures an individual’s preferences for immediate versus delayed
rewards by asking them to choose between rewards available immediately and larger
rewards available after a delay. The relationship between the perceived value of the
immediate reward to the delayed reward can be described using the following hyperbolic
function: Vimmediate = Vdelayed / (1+kD), where V is the size of the reward in US dollars
and D is the duration of the delay in days (Mazur, 1987). The k-value (1/days) is a free
delay discounting parameter, with higher k-values (1/days) indicating a greater preference
for smaller, immediate rewards over larger, delayed rewards.

The MCQ-36 has 36 choices associated with 12 k-values (1/days) ranging from 0.00016 to
4.0 across small, medium, and large delayed rewards (Towe et al., 2015). For the present
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study, in order to minimize the length of the EMA assessment, we restricted to items from
the large reward category. To minimize the likelihood that participants would respond rotely
due to seeing the same questions multiple times per day, we developed six sets of 12-item
scales that had delayed options of $70-99 and delays of 2-90 days. The immediate options
were computed by fitting the above hyperbolic function for each of the 12 base k-values (see
Appendix Table 1a and 1b). For example, participants were asked, “Would you prefer $27
today or $89 in 36 days?” Questions were presented in random order at each administration.
Participants’ k-value at each EMA was estimated based on the pattern of choices across the
12 questions using standard scoring procedures (Kirby et al., 1999), where the proportion of
choices that were consistent with each k-value was calculated to determine the most likely
k-value (1/days) (Towe et al., 2015). To create a final MCQ score, the estimated k-values
(1/days) were natural log transformed to correct for skewness and obtain an approximately
normal distribution for analysis.

For quality assurance, MCQ data were examined to check that participants appeared to
understand the task and respond in a consistent manner. If the highest proportion of
consistent choices was <0.70 or if >2 k-values were tied as the highest proportion, the
response pattern was considered invalid and the entire event was excluded from analysis.
Of 3716 MCQ responses, 3372 (90.7%) were valid. The mean proportion of valid responses
was similar for participants with (88.7%, SD= 9.1) and without (90.0%, SD= 1.8) HIVV
[t(62)=0.81, p=.42]. Validity of MCQ responses was not associated with the time since
substance use and being intoxicated (Appendix Table 2).

Substance use—-Participants were first asked, “Within the last 6 hours, which of these
drugs have you used?” The list included cocaine, other stimulants, marijuana, alcohol,
opioids, and other drugs. For other drugs, participants typed the name of the drug.
Participants who reported any substance use in the past 6 hours were asked the following
two questions for each specific substance: 1) “How long has it been since you used
[substance]?” (<1 hour ago, 1-2 hours ago, 2—4 hours ago, and >4 hours ago); and 2) “How
high on [substance] are you feeling right now?” (0-10 scale). Cocaine and other stimulants
were combined for analysis by taking the most recent time of last use and the highest rating
of intoxication.

Other variables—Descriptive characteristics were collected as part of the cohort visit
immediately preceding enrollment into the mHealth study. Participants completed an audio
computer-assisted self-interview (ACASI), which assessed age, gender, race, education, and
employment. Frequencies of substance use in the past 30 days were obtained using Timeline
Follow-back methodology (Sobell & Sobell, 1996). Self-reported HIV status was confirmed
using a rapid oral fluid rapid test (OraQuick®) or by chart review for participants with an
established HIV diagnosis. HIV clinical data (hadir CD4+ T cell count, most recent viral
load and CD4+ T cell count, years since HIV diagnosis, and current antiretroviral therapy)
were abstracted from medical records. Data on adherence to HIV medication were collected
using 100-point Visual Analog Scale (VAS), with 0 indicating “no doses of medication
taken” and 100 indicating “all doses of medication taken” in the last 4 weeks. The adherence
to each medication was asked and the overall VVAS score was computed by averaging
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the VAS score of each medication. VVAS score 95% or higher was defined as “optimal
adherence” (Mai et al., 2018).

Statistical analysis

Results

Sample characteristics for participants with and without HIV were compared using t-tests
for continuous variables with normal distribution, Wilcoxon rank test for continuous
variables non-normally distributed, and chi-square tests for all other categorical variables.
Multilevel models were used to test the effects of time since substance use on MCQ scores.
This approach adjusts for the repeated measurements of multiple waves of longitudinal
data and is robust to missing data. We constructed three-level linear mixed effects models
because randomly prompted entries (first level) were nested within days (second level)
which were nested within subjects (third level). Each model allowed for a random intercept,
and “<1 hour ago” was used as the reference group. The fixed effects of time since last

use were used to examine the effects of substance use on delay discounting. The primary
analysis examined the relationship between recency of any substance use and MCQ scores.
Secondary analyses were conducted for any stimulants, cocaine specifically, marijuana, and
alcohol to determine if the pattern of the relationship differed by drug class, with separate
models for each substance. Preliminary analyses determined that there was no relationship
of MCQ scores to age, race, education, and employment, so subsequent analyses were
performed without additional adjustment of covariates. All models were first stratified

by HIV status, followed by a full model that combined participants with and without

HIV. The full model incorporated HIV status, substance use, and a product term of HIV

by substance to test the significance of the interaction. In addition, we also conducted

the analysis stratified by CD4 nadir (<200 vs. =200) to determine whether history of
immunosuppression may impact the effects of acute substance use on delay discounting.
Analyses were conducted using SAS 9.4 (Cary, NC). Statistical significance was set at
p<0.05.

Participant characteristics

A total of 64 participants (HIV+: 30; HIVV-: 34) were enrolled in the mHealth study. Sample
characteristics are described in Table 1. The majority of the sample was male (62.5%),
African American (90.6%), and in their mid-40s (M= 46.5 years, SD= 11.1). In the past

30 days prior to their last cohort visit, 60 (93.8%) participants used only cocaine, 2 (3.1%)
used other stimulants but not cocaine, and 2 (3.1%) used cocaine plus another stimulant.
Participants reported stimulant use on an average of 13.0 days (SD= 10.4), alcohol on

an average of 11.4 days (SD=10.8), marijuana on an average of 12.6 days (SD=12.8),

and polysubstance use on an average of 12.9 days (SD= 10.4). There were no differences
between participants with and without HIV on these characteristics. Among participants
with HIV, the majority (93.3%) were currently on antiretroviral therapy and had CD4+ T
cell counts =500 cells/pL (70%), but only 66.7% had suprresed viral loads at <50 copies/mL.
About half (46.7%) had a nadir CD4+ T cell count <200 cells/uL. Among participants on
antiretroviral therapy, 64.3% had optimal ART adherence. The median of years since HIV
diagnosis was 15 (IQR: 9, 21).
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EMA data characteristics

Participants completed one or more EMA surveys on an average of 25.8 days (SD=5.6) out
of the 28-day study. A total of 3372 events with valid MCQ responses (HIV+: 1629 and
HIV-: 1743) were collected. The proportion of responses during which substance use was
endorsed was high, with 1664 (49.4%) for any substance, 1126 (33.4%) for stimulants (1111
for cocaine only, 10 for other stimulant only, and 5 for cocaine plus other stimulant), 687
(20.4%) for alcohol, 662 (19.6%) for marijuana, 44 (1.3%) for opioids, and 6 (0.18%) for
other drugs. MCQ scores varied markedly both between and within participants across the
28-day study (Figure 1). While the MCQ score was slightly higher for participants with

HIV (-2.4, SD= 2.6) than participants without HIV(-2.7, SD= 2.3), this difference was not
significant [t(3334)= -0.62, p=.45].

As expected, time since last use was highly correlated with subjective level of intoxication
for stimulants, alcohol, and marijuana. This association was similar for participants with and
without HIV (Figure 2).

Association between substance use and delay discounting

The primary results are summarized in Table 2 and illustrated in Figure 3. For participants
without HIV, substance use was associated with increased MCQ score occurring several
hours after last use. For stimulants and cocaine, relative to the first hour after use, there was
no difference in MCQ score 1-2 hours after use. However, at 2—4 hours and 4-6 hours after
use, MCQ score was significantly higher. This increase in MCQ score was no longer evident
after 6 hours of use. The pattern was similar for marijuana and alcohol, except the increase
in MCQ score only emerged during the 4-6 hours since last use. For participants with HIV,
there was no relationship between recency of substance use and MCQ score. The association
was similar for each class of substances among participants with nadir CD4+ T cell count
<200 and =200 cells/uL (p>0.05).

Consistent with the discrepant patterns between participants with and without HIV, there
were significant HIV by time since last use interaction effects on MCQ score for

any substance [F(4,1988)=2.7, p=0.03], alcohol [F(4,1988)=2.4, p=0.04], and marijuana
[F(4,1988)=2.5, p=0.04], but not for stimulants [F(4,1988)= 1.3, p=0.26] and cocaine
[F(4,1977)= 1.5, p=0.19].

Discussion

To our knowledge, this is the first study to delineate patterns of monetary delay discounting
relative to recency of substance use in the real world using mHealth technology. While we
had expected MCQ scores to be highest in the first hours after substance use, instead we
found that MCQ scores for participants without HIV were highest several hours after last
use. The pattern was similar when examining stimulants, marijuana, and alcohol separately,
except that the increase was observed earlier for stimulants (by 2—4 hours after last use) than
for alcohol and marijuana (by 4-6 hours after last use). Among participants with HIV, there
was no change in delay discounting following substance use, with scores remaining stable
across the 6-hour timeframe.
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Consistent with lab-based studies, there was no within-person change in delay discounting
among participants without HIV in the first 2 hours after stimulant use. However, beginning
2-4 hours after last use, there was a significant increase in delay discounting that persisted
through 4-6 hours after last use. For alcohol and marijuana, the increased MCQ score was
observed only during 4-6 hours after last use. We speculate that the effects of substance
use on monetary delay discounting may relate to the negative physiological effects of
substance withdrawal, rather than intoxication as expected. We found a continuous decrease
in intoxication over time after substance use, including stimulant, marijuana, and alcohol.
The peak of delay discounting did not occur right after substance use when the intoxication
was presumably the highest, but after several hours when the intoxication would have
subsided. This is consistent with drive-reduction theory, which suggests that the spike in
cognitive effects is a response to users seeking gratification after experiencing withdrawal-
related symptoms (de Wit, 2009). Prior studies have found cognitive/affective changes
accompanied with substance withdrawal, like craving and dysphoria (Moulin et al., 2018;
Robles-Martinez et al., 2019).

In contrast to findings from experimental studies that generally did not report changes in
monetary delay discounting following acute drug administration, we observed an increase

in monetary delay discounting occurring 2—4 hours after last substance use for participants
without HIV. The null findings from these experimental studies may be due to an insufficient
time window of measuring delay discounting. In prior studies, delay discounting was only
measured once and generally collected less than 3 hours post-administration. For example,
delay discounting was measured 20 minutes after cocaine administration (M. W. Johnson

et al., 2016), 15 and 30 minutes after alcohol administration (Adams et al., 2017; P. S.
Johnson et al., 2016), and 150 minutes after cannabidiol administration (Hindocha et al.,
2018). The time points of measurement were determined based on the time to reach the peak
plasma concentrations of each substance (Hindocha et al., 2018; M. W. Johnson et al., 2016;
P. S. Johnson et al., 2016). Relative to cocaine, marijuana and alcohol have a longer half

life and take longer time to reach their peak concentration (Isaksson, Walther, Hansson,
Andersson, & Alling, 2011; Isenschmid, Fischman, Foltin, & Caplan, 1992; Mitchell,
Teigen, & Ramchandani, 2014; National Institute on Drug Abuse (NIDA), 2016a, 2018;
Smith-Kielland, Skuterud, & Morland, 1999). This may also explain why the increase in
delay discounting after recent stimulant use was observed earlier than the increases after
alcohol and marijuana use in our study.

For participants with HIV, delay discounting remained stable with no significant change
in the 6 hours after substance use. The mechanism underlying these differential effects is
unclear. Given that there was no difference between participants with and without HIV on
subjective level of intoxication as a function of time since substance use, it appears that
the changes in “high” with substance use does not explain the difference. Rather, other
cognitive mechanisms such as information processing may be responsible for the dampening
effect of HIV. One possible explanation may be the synergistic effects of HIV and chronic
stimulant use on dopamine reuptake, which is a primary mechanism underlying cognitive
and psychological changes commonly experienced immediately after drug use (Gaskill,
Miller, Gamble-George, Yano, & Khoshbouei, 2017; National Institute on Drug Abuse
(NIDA), 2016a). For participants with HIV, this potential dysfunction of the dopaminergic
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system due to chronic stimulant use may have impacted the effects of recent substance
use on delay discounting. Further studies are necessary to advance our understanding of
substance process among people with HIV.

While multiple studies have successfully used EMA to assess a wide range of constructs in
persons who are actively using drugs, this is the first to assess monetary delay discounting
in real-life settings. There are also some noteworthy limitations. First, our prompts occurred
randomly within four fixed time blocks throughout the day, rather than in response to
substance use events. Thus, overlap of timeframes of substance use was possible. Since we
only assessed substance use in the past 6 hours, we were unable to determine the effects

of substance use on delay discounting after 6 hours. Likewise, we do not have precise time
of last substance use for every MCQ administration. As a result, we cannot estimate the
association of MCQ with subsequent substance use. In addition, it may be that participants
with the highest delay discounting were less compliant with survey prompts than those
with the lowest delay discounting. Although the valid MCQ responses did not differ based
on level of intoxication, it is possible that participants were less willing or less likely to
respond when they were acutely intoxicated or “partying.” The entire events were excluded
if the MCQ was invalid. The results may have been impacted if the effects of substance

use on delay discounting were different between participants who provided valid and invalid
MCQ responses. Moreover, our study shows that patterns between substance use and delay
discounting were similar for stimulant, alcohol, marijuana, and any substance use. While
the sample was defined by current stimulant use, poly-substance use was very common.
Consequently, the identified effects may not have been specific to a single drug, but rather
the combined effects of poly-drug use. Finally, because the vast majority of stimulant events
involved cocaine use (99.1%), our results may not represent the effects of stimulants other
than cocaine. While our study showed similar patterns of changes in delay discounting

for stimulants and cocaine, the duration of the “high” and half-life vary for cocaine and
other stimulants (National Institute on Drug Abuse (NIDA), 1998). Thus, future research
should explore the effect on delay discounting of methamphetamines or other stimulants
specifically.

In conclusion, our study employed EMA methods to assess the effects of substance use on
monetary delay discounting among people with and without HIV. In contrast to previous
lab-based studies with strictly controlled experimental conditions, this EMA study may have
more ecological validity because the data were collected in a natural context. We found
there was a significant increase in delay discounting 2—6 hours after stimulant use and 4-6
hours after marijuana and alcohol use in participants without HIV. Our findings provide
evidence of a plausible connection between delay discounting and substance withdrawal that
may have relevance for risky behaviors. Because our study did not test the direct effects

of delay discounting on risky behaviors, further research is needed to determine whether
elevations in delay discounting following substance use are linked to risky behaviors.
Targeted interventions aimed at reducing risk behaviors among people who use stimulants
may need to address the potential effects of substance withdrawal on delay discounting.
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Public Significance Statement:

This ecological monmentary assessment study provides evidence of a plausible
connection between delay discounting and substance withdrawal that may have relevance
for risky behaviors. The finding suggests that targeted interventions aimed at reducing
risk behaviors among people who use stimulants may need to address the potential effects
of substance withdrawal on delay discounting.
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Figure 1. Box plot of MCQ score across the study period among participants with (n=30) and
without (n=34) HIV

The solid black line within each box is the median. The circle within each box is the mean.
The length of the box is the interquartile range, with the upper bound representing the 75t
percentile and the lower bound representing the 251 percentile. The vertical lines issuing
from the box extend to the maximum and minimum values.
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Figure 2. Association between subjective level of intoxication and time since last substance
use among participants with (n=30) and without (n=34) HIV. (a) participants with HIV; (b)

participants without HIV.

The Y-axis is the least square means of intoxication adjusted for multiple measurements of
substance use within days and within subjects using mixed effects model.
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Figure 3. Association between MCQ score and time since last substance use among participnats
with (n=30) and without (n=34). a) Any substance; b) Any stimulants; c) Cocaine; d) Marijuana;

and e) Alcohol.

Values are least square means adjusted for multiple measurements of MCQ score within
days and within subjects using mixed effects models.
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Table 1
Participant characteristics

Variable HIV+ (n=30) HIV-(n=34) Statistic p-value

Age, mean (SD) 47.0 (12.4) 442(95)  t(62)=-0.99  0.325

Gender identity, n (%) X2(1)=0.42 0.518
Female 10 (33.3) 14 (41.2)
Male 20 (66.7) 20 (58.8)

Race, n (%) X2(1)=1.04  0.378
African American 26 (86.7) 32 (94.1)
Other 4(13.3) 2(5.9)

Education, n (%) X2(1)=0.38  0.539
Less than high school 9 (30.0) 6 (17.7)
High school or above 21 (70.0) 28 (82.3)

Employment status, n (%) X2(1)=0.28  0.594
Unemployed, disabled, or retired 17 (56.7) 17 (50.0)
Employed full or part time 13 (43.3) 17 (50.0)

Days of use in last 30 days, median (IQR)
Stimulant 8 (3, 23) 12 (6, 22) R=900 0.312
Marijuana 6 (1, 26) 6 (1, 30) R=969 0.940
Alcohol 8 (2, 26) 8(1,13) R=928 0.530
Poly-substance 11 (4, 23) 8(2,13) R=922 0.475

IQR: Interquartile range; SD: Standard error.
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Association between MCQ score and time since substance use among participants with and without HIV

Table 2

b (SE)

Variable HIV+ (n=30) HIV-(n=34)
Any substance

<1 hour ago Ref. Ref.

1-2 hours ago -0.04 (0.07) 0.04 (0.09)

2-4 hours ago 0.01 (0.09) 0.15 (0.04) ™

4-6 hours ago -0.08(0.12) 032 (0.11)™

None in the past 6 hours ~ —0.05 (0.06) 0.07 (0.06)
Stimulants

<1 hour ago Ref. Ref.

1-2 hours ago 0.02 (0.10) 0.06 (0.10)

2-4 hours ago 009(0.12) (.25 (0.08) "

4-6 hours ago 0.02(0.15 028 (0.13)™

None in the past 6 hours 0.03 (0.08) 0.12 (0.07)
Cocaine

<1 hour ago Ref. Ref.

1-2 hours ago 0.09 (0.12) 0.05 (0.10)

2-4 hours ago 0.02(0.10) .24 (0.08) ™"

4-6 hours ago -0.06 (0.16)  0.28(0.13)"

None in the past 6 hours ~ 0.03 (0.08) 0.12 (0.07)
Marijuana

<1 hour ago Ref. Ref.

1-2 hours ago -0.04 (0.11) 0.19 (0.12)

2-4 hours ago -0.01 (0.14) 0.07 (0.13)

4-6 hours ago -0.35(0.20) 042 (0.17)"

None in the past 6 hours ~ —0.06 (0.10) 0.01 (0.09)
Alcohol

<1 hour ago Ref. Ref.

1-2 hours ago -0.02 (0.09) 0.05(0.13)

2-4 hours ago -0.09 (0.12) -0.15 (0.15)

4-6 hours ago 0.08 (0.17) 0.44(0.18) i

None in the past 6 hours ~ —0.05 (0.08) 0.13 (0.10)

*
p<0.05

Aok

p<0.01

b (SE) was the unstandardized estimates (standard error) estimated using linear mixed effects models.

Exp Clin Psychopharmacol. Author manuscript; available in PMC 2023 February 01.



	Abstract
	Introduction
	Methods
	Participants
	Procedures
	Measures
	Delay discounting
	Substance use
	Other variables

	Statistical analysis

	Results
	Participant characteristics
	EMA data characteristics
	Association between substance use and delay discounting

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2

