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of Background Mental Health

Lauren M. Pappl, Chrystyna D. Kouros?, Hannah K. Witt!, John J. Curtin®, Shari M. Blumenstock®,

and Alexandra Barringer’
! Department of Human Development and Family Studies, University of Wisconsin-Madison
2 Department of Psychology, Southern Methodist University
3 Department of Psychology, University of Wisconsin-Madison
“ Kinsey Institute, Indiana University

The present study addressed calls for research to identify real-time predictors of prescription drug misuse
(Schepis et al., 2020) by testing young adults’ momentary reports of their negative mood and positive mood
as predictors of event-level misuse in daily life. We implemented a 28-day ecological momentary assessment
(EMA) procedure that collected individuals’ mood and other contextual experiences in moments preceding
prescription drug misuse. Consistent with models of problematic substance use as a means to reduce
negativity (Khantzian, 1997), results from hierarchical generalized linear modeling (HGLM) indicated
within-person links between higher than usual negative mood and greater likelihood of prescription misuse in
daily life. Contrary to the hypothesis, misuse was also more likely when preceded by elevated positive mood.
We found consistent support for the hypothesized between-person effects, with prescription misuse in daily
life associated with higher average levels of negative mood, and lower average levels of positive mood,
across the reporting period. We further predicted that individuals reporting greater levels of social anxiety,
depression, and externalizing symptoms would evidence stronger links between their momentary negative
mood and prescription misuse. Partial support for this moderation hypothesis was found, with the positive
within-person link between negative mood and prescription misuse significantly stronger among individuals
higher (vs. lower) on social anxiety and depression. Results provide support for intricate connections between
young adults’ momentary mood, mental health symptoms, and prescription drug misuse.

Public Significance Statement

This study identified elevated mood states—both positive and negative—as real-time predictors of
young-adult college students’ prescription drug misuse in daily life. Averaging across the course of the
study, however, misuse was related to lower average positive mood and higher average negative mood.
Students with higher levels of internalizing mental health symptoms (depression and social anxiety)
were more likely to engage in misuse following moments of their elevated negative mood, pointing to
modifiable risk factors to prevent and reduce college-based prescription drug misuse.
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As a population, young adults (between the ages of 18 and 25)
report the highest rates of recent prescription drug misuse—defined
as a person taking a medication intended for someone else, or taking
their own medication for a different reason or in an alternative dose

than intended—and those attending college demonstrate particular
risks associated with this behavior, such as access to diverted
medications or engaging in concurrent alcohol use (Tapscott &
Schepis, 2013). Generally, health-related functioning in this period
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has unique and lasting impact on the quality of adult development
(Brown et al., 2008), and prescription misuse has been identified as
a particular risk factor for later substance use disorders (McCabe
et al., 2019). Given the significance and implications of this sub-
stance behavior among young adults, understanding modifiable
psychosocial predictors of prescription drug misuse remains a
priority.

The broader links between problematic substance use (such as
prescription misuse) and affective states and mental health have
strong conceptual and empirical backing. Self-medication theory
(Khantzian, 1997) postulates that individuals use various forms of
substances to reduce their pain or discomfort and as a means to
regulate negative emotions—an assertion that has been confirmed in
studies of different populations and various forms of psychoactive
substances (Mackesy-Amiti et al., 2015; Smith et al., 2017). In
support of these theorized associations, robust connections have
been established between mental health and prescription drug
misuse behaviors specifically in young adult college students using
retrospective reports. In a large sample of over 25,000 students
drawn from 40 U.S. campuses (Zullig & Divin, 2012), approxi-
mately 13% of the sample had endorsed any prescription drug
misuse behavior (i.e., use of any painkiller, stimulant, sedative,
or anti-depressant not prescribed to them in the past 12 months), and
these students who misused also reported greater odds of several
depressive symptoms and/or suicidality indicators; results varied
somewhat by medication class. Teter et al. (2010) conducted an
online survey of students at a large U.S. university that focused on
misuse of prescription stimulants and found similar associations,
with more frequent occasions of stimulant misuse in the past month
(3+ times vs. 1-2 times) positively related to depressed mood
experienced over the same time period.

In an interview-collected national sample of U.S. female college
students (N = 2,000) (McCauley et al., 2011), past-year misuse of
prescription drugs (i.e., tranquilizers, sedatives, stimulants, or pain
medications) was endorsed by 7.8% of the sample, and, when
predictors were assessed separately, misuse was positively linked
to post-traumatic stress disorder and lifetime major depressive
diagnoses, as well as substance use and victimization experiences.
In the combined model, lifetime depression and substance use
remained significant predictors, underscoring the mental health-
substance use connections in this population. Drawing from a web-
based survey of students (N = 1,052) attending a large public
university (Tam et al., 2020), 24% of the sample endorsed recent
misuse (multiple medication classes collapsed across lifetime use
and recent use), and the authors reported more consistent links
between misuse and depression symptoms compared to social
anxiety symptoms. However, apparent differences in the symptom
scales’ reporting timeframes (i.e., over the past 3 months for depres-
sion, currently for social anxiety) could have accounted for the
differential findings.

Whereas prior work has focused on the connections between
college students’ substance use and internalizing problems (Walters
et al., 2018), there is limited evidence of links between prescription
misuse and externalizing symptoms. Of note, Harries et al. (2018)
obtained online survey responses regarding predictors of prescrip-
tion opioid misuse from over 3,000 students at a large, public
university in the U.S. Misuse was relatively infrequent (2.2%
endorsed in the past year, 5.3% endorsed lifetime), yet was signifi-
cantly and positively associated with alcohol problems; symptoms

of anxiety and depression; and several externalizing measures,
including gambling problems, impulsivity, and risky sex behaviors.
The authors describe their findings as pointing to broader mental
health risk factors to consider in the study of prescription drug
misuse behaviors, yet note the inability of their design to determine
temporal effects.

Cole and Hussong (2020) recently conducted a more nuanced test
of whether prescription stimulant misuse and mental health were
associated, accounting for individuals’ broader substance patterns.
Using a large sample of college students, they found that stimulant
misuse along with other hard drug use (vs. stimulant misuse only)
was more strongly linked to college students’ impulsive tendencies.
In contrast, their results did not suggest an association between
stimulant misuse and depression symptoms (Cole & Hussong,
2020). Their findings point to broad mental health correlates of
medication misuse and further encourage moderation tests to iden-
tify when characteristics of the situation or instance might interact
with background mental health factors of the individual. We draw
from their framework to examine whether links between a person’s
mood at the moment (i.e., negative mood fluctuations across the
day) and engaging in prescription drug misuse is stronger when the
individual has higher levels of background mental health symptoms
along internalizing (e.g., depression, social anxiety) or externalizing
(e.g., impulsivity) dimensions.

In sum, a growing body of research has demonstrated that college
students reporting elevated depression or other mental health symp-
toms are more likely to engage in prescription drug misuse (Zullig &
Divin, 2012). To date, this evidence is overwhelmingly based on
retrospective, questionnaire measures and designs that capture
mental health and/or prescription behaviors across varied or non-
specified timeframes, leaving unknown how mental health experi-
ences are associated with prescription misuse behaviors on an event
level. Ecological momentary assessments (EMA), designed to
capture multiple assessments of participants’ lived experiences as
they are happening (Shiffman et al., 2008), can assess mood states,
behavioral intentions, and behaviors close to the time an event is
experienced. The approach is able to capture reports of the hypoth-
esized motivating factors before the substance behavior has
occurred and thus represents a start to improving the temporal
precision of research findings in this area (e.g., Huhn et al.,
2016; see Singh & Bjorling, 2019). Further, EMA yields repeated
assessments of individuals that offer the ability to test within- and
between-person hypotheses, and therefore support comparisons
between a participant’s own moments of misuse to non-misuse
(within-person) in addition to comparing those people who report
more versus less frequent misuse (between-person).

Study Overview

The present study heeded calls for research to identify ecolog-
ically valid contextual correlates of prescription drug misuse
(Schepis et al., 2020) by testing real-time reports of young adults’
mood as predictors of prescription drug misuse in daily life. We
designed and implemented an ecological momentary assessment
(EMA) procedure that collected individuals’ experiences right
before prescription drug misuse occurred. Research aims and pri-
mary hypotheses were based on clinical conceptualizations and
findings (e.g., Lo et al., 2013; Mackesy-Amiti et al., 2015) that
have emphasized people’s tendency to use substances to reduce their
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negative emotions and symptoms. The first research aim was to test
whether fluctuations in negative mood and positive mood are
associated with prescription drug misuse. In line with evidence
for the direct role of affective states in substance use (Wills et al.,
1999), we predicted that individuals would be more likely to engage
in prescription drug misuse in their moments of higher-than-average
negative mood and lower-than-average positive mood (within-
person effects). We also predicted that reporting higher average
levels of negative mood, and lower average levels of positive mood,
across the reporting period would be linked to engaging in prescrip-
tion drug misuse in daily life (between-person effects). The second
research aim was to examine the moderating role of background
mental health on the link between negative mood and prescription
drug misuse in daily life. We expected that individuals reporting
greater levels of social anxiety, depression, and externalizing
symptoms would evidence stronger links between their momentary
negative mood and prescription misuse.

Method
Participants

Between September 2017 and September 2019, students at a
large, public university in the Midwestern U.S. were continuously
enrolled into an ongoing National Institute on Drug Abuse-funded
(RO1DA042093) longitudinal study on daily behaviors and health in
college life. The present study is drawn from the first phase of the
larger project. Participants were recruited via flyers and announce-
ments (e.g., newspaper ads, emails to enrolled students) that stated,
“We are particularly interested in how people use prescription
medications.” Prospective participants completed an online screen-
ing and a telephone call was scheduled to confirm eligibility.
Inclusion criteria were being enrolled as a freshman or sophomore
and being 18-21 years of age. Based on screening, participants were
oversampled for recent prescription misuse. The screening measure
assured confidential responses and described, “Sometimes people
use prescription drugs in ways that a doctor did not direct them to.
Please think back over the past 3 months and consider whether you
have used the following types of medications in any way a doctor
did not direct you to use them, including using it without a
prescription of your own; using it in greater amounts, more often,
or longer than you were told to take it; or using it in any way a doctor
did not direct you to use it.” This question was asked for four
prescription medication classes with common examples listed,
including pain relievers (e.g., OxyContin, Percocet, hydrocodone,
codeine, morphine, fentanyl, Vicodin), tranquilizers (e.g., Xanax,
Ativan, Valium, Klonopin), stimulants (e.g., Dexedrine and Adder-
all, Ritalin, Concerta), and sedatives or barbiturates (e.g., Ambien,
Lunesta, Sonata). Response options were Yes/No and prospective
participants could endorse multiple misuse classes. Of the 355 total
participants enrolled, 300 (84.5%) endorsed misuse at screening. Of
these 300, most (73.3%) endorsed recent misuse of one medication
class at screening; the remainder endorsed misusing two or more
classes. The majority of participants (77.3%) reported recent misuse
of prescription stimulants; the next highest class was pain medica-
tions (22.3% of the sample), followed by prescription tranquilizers
(19.3%), and prescription sedatives or barbiturates (11.3%). These
results are in line with national survey data showing college students

to have the highest prescription misuse rates for stimulants (Schepis
et al., 2018).

In terms of racial and ethnic background, 83.2% self-identified as
White and 8.1% as Asian; nearly 7% reported Hispanic or Latino/a
background. Approximate undergraduate demographics on the
campus were 71% White, 6.5% Asian, and 5.3% Hispanic or
Latino/a. Remaining participants (8.4%) self-identified as American
Indian/Alaska Native, Black or African American, Native Hawaiian
or Pacific Islander, or reported multiple or other races (individual
identities included <3% of respondents); one participant (0.3%) did
not respond. The racial and ethnic distribution of the sample was
thus fairly consistent with state demographics at the time of the
study (with Asian students overrepresented compared to state
residents) but less diverse compared to students enrolled in U.S.
institutions of higher education overall (Chronicle of Higher
Education, 2019).

Procedure

Prior to the study, university institutional review board approval
(SBS IRB 2016-0001) and a National Institutes of Health Certificate
of Confidentiality were obtained. Participants attended two lab
sessions that were scheduled an average of 35 days apart and
were trained to complete reporting procedures in daily life between
the sessions. During the first session, participants completed
informed consent procedures and survey measures (including demo-
graphic information) and were trained to use an iPod Touch
application designed specifically for the present research (see
Papp et al., 2020 for details); they chose a private password to
access the application and completed a sample report in the lab.
Access to all other device features was restricted. The scheduled
reporting period started the following day. Although the typical
reporting period was scheduled for the 28 days following the first
lab session, some participants continued reporting until they re-
turned their device at the second lab session; reports obtained across
all days were retained in the current analyses to maximize statistical
power for hypotheses testing. During the second lab session,
participants returned their devices and completed additional mea-
sures. A research assistant then unlocked the device, downloaded
the EMA reports to a secure server, and reset the devices. Partici-
pants received their choice of electronic or check payments; com-
pensation included $75 for Session 1, $84 for reporting in daily life
(prorated for partial completion), $55 for Session 2, and a $36 bonus
incentive for maintaining compliance across the planned reporting
period.

Consistent with published EMA protocols on addictions (Buckner
et al., 2015; Cooney et al., 2007; Preston & Epstein, 2011), both
signal-contingent and event-based assessments were administered.
Signal-contingent reporting involved responding to a device prompt
sent within four time windows (8:00 a.m.—11:30 a.m., 11:30 a.m.—
3:00 p.m., 3:00 p.m.—7:00 p.m., and 7:00 p.m.—11:00 p.m.);
prompts were sent at randomly varying times within each window
across days. Participants were instructed to respond as soon as
possible, as appropriate. Participants were also trained to self-initiate
areport any time they intended to take one of four medications in any
way adoctordidnotdirectthemtouseit(i.e., event-based assessment;
see Measures). There was no limit on the timing or number of
event-based reports that could be completed. To reduce burden, a
signal-contingentpromptwasnotsentwithin2 hrafteraself-initiated,
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event-based report had been completed. EMA report questions
included intentions to misuse (see Measures) and focused on parti-
cipants’ current location and social context and potential triggers of
prescription drug misuse (e.g., mood states, pain, stressors, other
substance behaviors). Each report included 28 questions; up to 12
additional questions were conditionally displayed (e.g., if nicotine
use was endorsed, participant was prompted to select the type used).
Signal-contingent and event-based assessments were identical and
thus were indistinguishable in the resulting data files. If misuse
intention of one or more of the medication classes was endorsed in
the EMA report, participants were then sent a brief follow-up report
15 minlater (Thrul et al.,2014) to assess misuse behaviors that might
have occurred since the completion of the associated report; partici-
pants were instructed to respond to the follow-up within 15 min. All
time-stamps of report and follow-up completion were automatically
recorded.

Measures
Outcome: Prescription Drug Misuse Behavior

Following Buckner et al. (2015) EMA protocol for cannabis use
in daily life, participants were first asked about intentions to misuse a
prescription drug. The EMA report asked whether participants were
about to use any of four classes of prescription medication (pain
medications, stimulants, tranquilizers, or sedatives) either without a
prescription or in a way not directed by a doctor. Participants
responsed No (0) or Yes (1). If they indicated intention to misuse
any prescription class, a follow-up report was sent 15 minutes later,
and participants were asked whether or any misused had occurred.
The same four medication classes were presented and participants
responded No (0) or Yes (1). If any prescription misuse was endorsed
across the four classes, this was considered an instance of prescrip-
tion misuse, the behavior outcome of interest. Misuse was scored 1
when the behavior was endorsed on the follow-up, and 0 when the
behavior was not endorsed on the follow-up or not administered due
to responses of No to the intention questions. In instances when the
intention questions were left blank (occurred on 57 EMA reports;
described under Analytic Plan section), the misuse variable was left
as missing data.

Momentary Predictors: Negative Mood and Positive Mood

Each EMA assessment presented a list of seven items of words
and phrases and prompted participants to, “rate your feelings and
emotions right now, that is, at the present moment,” on a scale from
1 (very slightly or not at all) to 5 (extremely) based on the (Stasik-
O’Brien et al., 2019) Positive and Negative Affect Schedule—
Expanded Form (Watson & Clark, 1999). Negative mood was
calculated by summing momentary responses to the following items
reflecting negative emotions: Fearful (afraid, scared, frightened,
etc.), Hostile (angry, irritable, scornful, etc.), Guilt (ashamed,
blameworthy, angry at self, etc.), and Sad (blue, downhearted,
alone, lonely). Positive mood was calculated in the same way on
the basis of items for Jovial (happy, joyful, delighted, etc.), Self-
assured (proud, strong, confident, etc.), and Attentive (alert, con-
centrating, determined). Reliabilities were calculated at the
between-person and within-person momentary levels (Cranford

et al., 2006) for negative mood (Rpepween = 0.68, Ryimin = 0.64)
and positive mood (Rperween = 0.79, Ryimin = 0.76). It is worth
noting that reliability for negative mood fell below values com-
monly deemed as adequate (Schmitt, 1996).

Moderators: Background Mental Health

Mental health scales were completed during the first lab session.
Social anxiety was assessed by the Inventory for Anxiety and
Depressive Symptoms—social anxiety subscale (IDAS; Watson
et al., 2007). Participants rated the degree to which they felt or
experienced particular feelings, sensations, problems, and symp-
toms over the past 2 weeks on a scale of 1 (notr at all) to 5
(extremely). A sample item includes, “I found it difficult to talk
with people I did not know well.” Responses to the five symptoms of
social anxiety were summed (Cronbach’s a = .85). According to
published clinical cut-points (Stasik-O’Brien et al., 2019), 17.6% of
our sample reported mild levels of social anxiety, 8% reported
moderate levels, and less than 1.0% reported severe levels. The
majority of the sample (73.7%) did not report clinically meaningful
levels of social anxiety symptomatology.

Depressive symptoms experienced in the past 2 weeks were
assessed using the brief Patient Health Questionnaire (PHQ-9;
Kroenke et al., 2001). The instrument asks, “How often have
you been bothered by ... ” and includes items such as feeling
down or depressed, appetitive disturbances, and feelings of failure.
Participants respond on a scale of 0 (not at all) to 3 (nearly every
day). The assessment has captured a range of depression in previous
college-based studies (Garlow et al., 2008). Based on published
cutoffs (Kroenke et al., 2001), depression severity in the current
sample encompassed none (2.4%), minimal (24.2%), mild (38.7%),
moderate (19.9%), and severe (14.8%) levels. Continuous scores
were used in the current analyses (nine items; Cronbach’s o = .86).

Externalizing behaviors and tendencies were assessed by the brief
version of the Externalizing Spectrum Inventory (ESI-BF; Patrick
et al., 2013). Specifically, the general disinhibition scale was used to
assess externalizing and impulsive behavior, excluding substance
use, mental health diagnoses, and aggression (Patrick et al., 2013;
Rodriguez-Seijas et al., 2017). An example item is, “Things are
more fun if a little danger is involved.” Participants evaluated how
much each statement reflects themselves using a 4-point Likert-type
scale (false, somewhat false, somewhat true, and true). Responses
were summed and scored such that higher scale scores indicate
greater deviancy (20 items; Cronbach’s o = .85).

Analytic Plan

As preliminary analyses, we examined descriptive statistics and
tested correlations between person-level study variables. For the
main research aims, we used multilevel modeling to examine
within-person associations between momentary mood and prescrip-
tion misuse behavior in daily life, and to test background mental
health as a moderator. Models were run as a three-level hierarchical
generalized linear model (HGLM) with Bernoulli distribution to
account for the nested data (i.e., moments nested within days, days
nested within people) and the binary dependent variable. Models
were run using Hierarchical Linear and Nonlinear Modeling (HLM)
v.8 (Raudenbush et al., 2019). We followed centering guidelines for
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disentangling within-person from between-person associations
(Bolger & Laurenceau, 2013). A benefit of this approach is that
HLM uses all available reports and draws from all respondents,
providing more weight to those with more data and, therefore, more
reliable estimates. Additionally, HGLM has been utilized to model
repeated assessments of substance outcomes that occur infrequently
(e.g., relapse, Scott et al., 2018). Mood ratings at Level 1 were
person-centered to represent the extent to which one’s momentary
positive (or negative) mood was higher or lower than their average
positive (or negative) mood across the reporting period. The Level 1
model also included a variable for the moment within day (e.g.,
report number 1-4) to account for any systematic effects of reporting
across the day on medication misuse. Due to minimal variability of
misuse behaviors within days, the random effect corresponding to
this term was not included. Level 2 accounted for Day; no day-level
covariates were included. Individuals’ average positive and negative
mood levels (i.e., averaged across EMA reports) were included as a
covariate at Level 3 (grand-mean centered). Participant sex was also
included as an intercept control variable. Analyses tested the extent
to which within-person (Level 1) fluctuations in momentary mood
ratings directly predicted prescription drug misuse. Analyses further
tested for between-person associations (Level 3), or the extent to
which individuals who experienced higher levels of negative mood
and positive mood, on average, also reported more prescription drug
misuse behavior across the reporting period. Odds ratios were
converted to Cohen’s d values to facilitate interpretation of effect
sizes (Chinn, 2000).

The EMA reports in Level 1 included minimal missing data
(mood or misuse intention variables were missing on <.01% of
responses); these were left as missing and handled by HLM. There
was no missing data that affected the scoring of the Level 3 mental
health measures. Thus, no statistical adjustments for missingness
were required.

To test whether background mental health moderated the
within-person link between negative mood and prescription
drug misuse, the social anxiety, depression, and externalizing
scales were grand-mean centered and entered as Level 3 cross-
level moderators of the slopes for the Level 1 mood predictors.
These were also included as Level 3 intercept controls, along with
the covariates described above. Each background mental health
moderator was tested separately. The analysis plan was preregis-
tered at Open Science Framework (osf.io/kjavw/). Additional
exploratory analyses tested how negative mood and positive
mood relate to misuse of the different medication types.

Table 1

Results
Preliminary Results

Two participants did not return for the second lab session or return
their data collection devices, and EMA data from one participant
was not retrievable due to a device malfunction. The sample thus
consisted of 297 participants (69% female) with an average age of
19.5 years (SD = 0.71). Slightly more than half (56.6%) were
freshmen. The momentary data file included 23,651 reports com-
pleted by 297 participants (M = 79.63 reports, SD = 26.03,
range = 11-130). Participants’ average EMA completion rate (cal-
culated as the number of completed signal-contingent or self-
initiated, event-based EMA EMA reports divided by the expected
number of reports based on scheduled reporting days) and follow-up
response rate (calculated as the number of completed follow-ups
divided by the number of follow-up prompts sent following misuse
intention of one or more of the medication classes in the EMA
report) were 69% and 76%, respectively, reflecting their consistent
engagement and compliance with the procedure (see Papp et al.,
2020). Prescription drug misuse in daily life was endorsed by
approximately one-third (n = 105) of the sample. These participants
reported an average of 3.09 instances (SD = 3.12;range = 1-17) of
misuse. In all, EMA reporting captured 331 instances of prescription
drug misuse, including five instances of misuse of sedatives or
barbiturates, 49 instances of misuse of tranquilizers, 260 instances of
misuse of stimulants, and 17 instances of misuse of pain relievers.

Descriptive statistics and correlations among person-level vari-
ables are shown in Table 1. Averaged across all moments and days,
participants’ reports of their negative mood and positive mood in
daily life were inversely associated. Average negative mood was
associated with greater occurrence of prescription drug misuse in
daily life, whereas positive mood was linked with less misuse
occurrence in daily life. Negative mood and positive mood in daily
life were related to the mental health scales (i.e., social anxiety,
depression, and externalizing symptoms) in expected directions.
The mental health scales were positively related to each other and
the magnitude of these correlations indicated inter-related yet
distinct constructs. Male participants reported higher average levels
of positive mood in daily life.

Direct Results

The direct associations between mood and prescription drug
misuse are shown in Table 2. Results from the model testing

Descriptive Statistics and Correlations for Person-Level Study Variables

Variable M (or n, %) SD 1 2 3 4 5 6 7
1. Male 92, 31% —
2. Person-mean negative mood 5.68 1.62 -.02 —
3. Person-mean positive mood 7.96 2.06 A7 —-.23** —
4. Occurrence of prescription misuse 0.01 0.03 —-.11 20% —.12* —
5. Social anxiety 11.52 4.57 —-.11 35 —27%* .04 —
6. Depression 8.41 5.45 -.09 55%* —31** 20%* 567 —
7. Externalizing 15.62 8.74 .06 347 —20%* A7 29 S —
Note. N = 297 participants. Occurrence of prescription drug misuse was calculated as the sum of prescription misuse instances/n momentary reports for each
participant.

*p< .05 *Fp< .0l



e of its allied publishers.

yrighted by the American Psychological Association or on

This document is cop

and is not to be disseminated broadly.

This article is intended solely for the personal use of the individual user

6 PAPP ET AL.

Table 2

Real-Time Negative Mood and Positive Mood Predicting Prescrip-
tion Drug Misuse in Daily Life: Results From Generalized Multi-
level Models

Predictors AOR p value 95% CI
Model 1: Negative mood
Intercept 0.02 <.001 [0.02, 0.03]
Male 0.72 <.001 [0.62, 0.84]
Momentary report indicator 1.05 11 [0.99, 1.11]
WP negative mood 1.09 <.001 [1.07, 1.11]
BP negative mood 1.17 <.001 [1.13, 1.22]
Model 2: Positive mood
Intercept 0.03 <.001 [0.02, 0.03]
Male 0.74 <.001 [0.64, 0.85]
Momentary report indicator 1.02 37 [0.97, 1.08]
WP positive mood 1.06 <.001 [1.04, 1.08]
BP positive mood 0.94 <.001 [0.91, 0.97]
Model 3: Negative mood and positive mood
Intercept 0.04 <.001 [0.038, 0.042]
Male 0.79 <.001 [0.73, 0.86]
Momentary report indicator 1.02 .26 [0.99, 1.05]
WP negative mood 1.10 <.001 [1.09, 1.12]
BP negative mood 1.13 <.001 [1.10, 1.16]
WP positive mood 1.07 <.001 [1.06, 1.08]
BP positive mood 0.97 .004 [0.95, 0.99]
Note. N = 297 participants. Male coded as female = 0 and male = 1.

AOR = adjusted odds ratio. WP = within-person. BP = between-person.

real-time negative mood as a predictor of misuse indicated that, in
moments when negative mood was higher than usual (within-
person), participants were more likely to engage in prescription
drug misuse in daily life. Higher average level of negative mood
across the reporting period (between-person) was also associated
with increased likelihood of misuse. Results from the model testing
real-time positive mood as a predictor of misuse indicated similar
within-person but opposite between-person effects. In moments
when positive mood was higher than usual (within-person), parti-
cipants were more likely to engage in prescription drug misuse in
daily life. Higher average level of positive mood (between-person)
was associated with decreased likelihood of misuse in daily life.
When negative and positive mood predictors were included simul-
taneously in one model, both the within-person and the between-
person findings found in the separate models remained (Table 2).
Across all models tested, prescription drug misuse was more likely
to occur among females as compared to males, and misuse occur-
rence was not associated with the momentary report number of the
day (Table 2). Effect sizes for all reliable results were very small.

Moderation Results

Results from moderation models testing cross-level interactions
of the within-person link between negative mood and prescription
drug misuse by mental health scales are shown in Table 3; scales
were tested in separate models. Results yielded reliable support (p <
.05) for two of three hypothesized moderators: social anxiety and
depression but not externalizing symptoms. Simple slope analyses
were conducted by plotting +1SD and —1SD from the mean on the
mental health moderators. Results from these tests indicated that the
positive within-person link between negative mood and prescription
drug misuse was stronger among individuals reporting higher levels

of social anxiety symptoms (b = 0.10, SE = 0.009, AOR = 1.10,
t = 10.25, p < .001) compared to those reporting lower levels of
social anxiety symptoms (b = 0.06, SE = 0.01, AOR = 1.06,
t = 4.37, p <.001), and among individuals reporting higher levels
of depression symptoms (b = 0.09, SE = 0.009, AOR = 1.09,
t =9.18, p < .001) compared to those reporting lower levels of
depression symptoms (b = 0.06, SE = 0.01, AOR = 1.06,
t=4.17, p < .001). Levels of externalizing symptoms did not
reliably moderate the within-person association between negative
mood and prescription drug misuse in daily life (see Table 3). Effect
sizes for all reliable results from the moderation and simple slope
tests were in the very small to small range.

Exploratory Analyses by Drug Type

Exploratory tests assessed the associations between mood and
prescription drug misuse by medication type. Given the low fre-
quency of prescription misuse by drug type, exploratory analyses
were limited to reports of misuse of stimulants and tranquilizers in
daily life. Following the direct tests conducted using 3-level
HGLMs (described above), negative and positive mood predictors
were included simultaneously in one model, and participant sex and
momentary report number were retained as covariates. Results
indicated that participants were more likely to engage in prescription
stimulant misuse in daily life in moments when their real-time
negative mood and positive mood were higher than usual (within-
person). Higher average level of negative mood across the reporting
period (between-person) was also associated with increased likeli-
hood of stimulant misuse. Results for tranquilizers followed a
similar pattern. Participants were more likely to engage in tranquil-
izer misuse in daily life in moments when real-time negative mood
and positive mood were higher than usual (within-person). Higher
average level of negative mood (between-person) also predicted
tranquilizer misuse. Documented effect sizes were small in magni-
tude (see Supplemental Table 1 for complete results).

Discussion

The present study was among the first to examine real-time
predictors of young adults’ prescription drug misuse in daily life.

Table 3

Link Between Negative Mood and Prescription Drug Misuse in
Daily Life: Cross-Level Interactions by Mental Health Symptoms
From Generalized Multilevel Models

Predictors AOR p value 95% CI

Predicting slope of momentary negative mood on prescription drug misuse
Intercept of WP slope 1.08 <.001 [1.07, 1.10]
Moderator: Social anxiety 1.004 .017 [1.001, 1.007]
Predicting slope of momentary negative mood on prescription drug misuse
Intercept of WP slope 1.07 <.001 [1.05, 1.10]
Moderator: Depression 1.003 .023 [1.000, 1.005]
Predicting slope of momentary negative mood on prescription drug misuse
Intercept of WP slope 1.10 <.001 [1.08, 1.12]
Moderator: Externalizing 1.003 .059 [1.000, 1.006]

Note. N =297 participants. Models retained the control variables
(participant sex and momentary report indicator) and included the
moderator as a covariate of the intercept term. AOR = adjusted odds ratio.
WP = within-person.
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Analyses incorporated real-time assessments of negative and posi-
tive mood as potential triggers of prescription misuse behavior,
along with potential moderating background measures of mental
health symptoms. The novel design supported a temporally precise
statistical test of within-person associations that revealed positive
links between both positive and negative mood and prescription
drug misuse. That is, college students were more likely to engage in
prescription drug misuse in moments when they reported experienc-
ing more positive mood and more negative mood than was typical
for them in daily life. The within-person effect for negative mood
was consistent with the hypothesized direction, whereas the direc-
tion of the within-person positive mood result was opposite of the
hypothesized direction. The between-person hypotheses were con-
sistently supported in that participants engaging in prescription
misuse in daily life reported both higher levels of negative mood
and lower levels of positive mood across the reporting period.

Theory suggests that problematic substance use occurs as a means
to reduce negative mood (Khantzian, 1997), which provides a
simple and reasonable explanation for the documented within-
and between-person links between negative mood and prescription
misuse behaviors. Interestingly, the unexpected finding of elevated
momentary positive mood predicting misuse does align with recent
evidence from a different college-based sample: Schepis et al.
(2020) collected participants’ reported motives for prescription
stimulant misuse soon after the occurrence of the behavior in daily
life. They found that positive mood reliably increased in the hours
following misuse occurrence, and thus interpreted positivity
enhancement—or the motivation to increase positive feelings—as
a key driver of students’ prescription stimulant misuse in daily life
(Schepis et al., 2020). The differential (within- vs. between-person)
findings that we documented underscore the need to track these
moods and prescription drug misuse over time to clarify implica-
tions of the behavior. For instance, a study of a similar college-based
population (Cook et al., 2020) found that young adults who drank to
reduce negative mood (vs. to enhance positive mood) experienced
more alcohol-related consequences.

The present study utilized a prescription misuse behavior out-
come that combined across indications of misuse of multiple classes,
consistent with other studies in the field and to overcome the
relatively low frequencies for some medications found in our
sample. Indeed, Schepis and Hakes (2011) drew from a U.S.
nationally representative study of adults (over two waves of data)
and found that lifetime and past-year prescription misuse (combined
across medication classes) served as risk factors for the onset and
occurrence of multiple forms of mental health disorders. Of note,
stimulant misuse was the highest class endorsed in our sample,
consistent with U.S. nationally representative findings (Schepis
et al., 2018). We conducted post-hoc exploratory tests to improve
understanding of the associations between mood and prescription
misuse by drug type. Findings indicated that in-the-moment nega-
tive mood and positive mood were uniquely predictive of misuse of
stimulants and tranquilizers in daily life. Higher average levels of
negative mood across the reporting period also were consistently
linked to greater likelihood of both types of prescription misuse,
whereas overall positive mood experienced by participants was not
reliably linked to misuse of either prescription stimulants or tran-
quilizers. These medication classes were also the most commonly
misused in our sample and thus are likely to be the drug types
driving the overall findings. The present study’s primary and

exploratory findings contribute novel information to guide future
research in the field.

The moderating hypothesis (that young adults with higher levels
of background mental health symptoms would evidence stronger
links between their momentary negative mood and prescription
misuse in daily life) received some support. In particular, the social
anxiety and depression (but not externalizing) scales emerged as
reliable moderators such that people reporting higher (vs. lower)
levels of the symptoms were more likely to misuse prescription
drugs in response to experiencing greater negative mood than
usual in daily life. A speculative interpretation at this point is that
individuals in late adolescence and early adulthood with greater
externalizing tendencies have heightened risk for problematic
alcohol or other drug use (e. g., Farmer et al., 2016), whereas
internalizing factors may underpin the heightened risk for pre-
scription misuse in response to elevated negative mood. The
present results contribute to a growing recognition of the poten-
tially intricate role of prescription drug misuse in the varied
connections between college students’ substance use and mental
health domains, and encourage future research to test such asso-
ciations in prospective designs that track these variables over time
(Cole & Hussong, 2020).

Clinical Implications

The harmful mental and physical effects of misuse and abuse of
prescription medications among college-based populations have
been established (Daniels-Witt et al., 2017; Gomes et al., 2011).
Noting that the problematic use of opioid prescriptions can be
especially harmful or fatal, Kenne et al. (2017) conducted a large
online survey of undergraduate and graduate students to survey
them about their lifetime and past year misuse of prescription pain
medications, as well as their reasons for misuse. Although the
motive to relieve physical pain was more common than seeking
relief from emotional pain, when the emotional pain motive was
endorsed, students indicated particular embarrassment about seek-
ing treatment and fear over going to a hospital or doctor for their
distress (Kenne et al., 2017). Notably, college health settings have
been described as ideal locations for screening for prescription drug
misuse and diversion behaviors among students broadly and among
those with other possible risk factors (e.g., being in a health-related
area of study, Weyandt et al., 2020). Considered in the context of
prior work, the current findings reinforce the connection between
mental health problems and prescription misuse (Lo et al., 2013)
and could motivate health professionals who treat college students
for mental health distress to inquire about the students’ experiences
with prescription medication practices. This recommendation may
become even more pressing, given that college students are expected
to face long-term mental health consequences stemming from the
ongoing COVID-19 pandemic (Wang et al., 2020).

Limitations and Future Directions

Similar to other college-based studies, our risk-based sample
included an overrepresentation of females and White participants.
Our comparison-group participants (not included in the current
analytic sample) were significantly more diverse (Papp et al.,
2020). Sumstine et al. (2018) explored racial and ethnic variation
in mental health correlates of multiple forms of substance use among
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students sampled from two colleges in California. Focusing on
problematic prescription behaviors, their results found that White
students had the highest rates of prescription stimulant and pain
medication misuse, although students from Asian, Latino, and “all
other” backgrounds also reported misuse rates that were higher than
the national average. Racial and ethnic differences in associations
between mental health symptoms and prescription misuse were
identified; for example, White and Latino (but not Asian) students
who scored higher on inattention were more likely to report misuse
of stimulant medications (Sumstine et al., 2018). Other recent work
based on highly disadvantaged populations found that unmet mental
health needs and suicidal feelings were associated with recent
prescription drug misuse among a U.S.-based sample of homeless
young adults (Barman-Adhikari et al., 2019). Clearly, continued
efforts are needed to understand the interplay of mental health
challenges and prescription misuse behaviors among more diverse
populations.

Despite our efforts in the present study to recruit a sample of
participants with elevated likelihood of prescription drug misuse,
most participants did not report misuse during the EMA period and
the focal behavior was relatively infrequent (endorsed less than once
per week on average). We thoroughly considered the methodologi-
cal trade-offs of implementing an EMA design with an app based on
a study-owned (vs. a participant’s own) device (Papp et al., 2020).
Using a study-owned device strengthened the privacy and security
assurances we could provide to our participants, but likely resulted
in missed instances of prescription drug misuse. Given our sound
methods and statistical modeling, the present study’s results reflect a
conservative approach. Replication in designs that capture more
instances of misuse would bolster confidence in the findings. Future
suggestions include administering EMA methods on participants’
own devices and enrolling participants with greater risk for the
behavior. Among samples recruited on the basis of more stringent
misuse criterion, college students misused stimulant medications
slightly more than two times per week on average (Schepis et al.,
2020). Furthermore, the average EMA report completion rate in our
sample (based on the expected number of reports per participant)
was lower than the pooled compliance rate (75.06%) found in a large
meta-analysis of EMA studies of substance use (Jones et al., 2019).
The present study reported observed effect sizes that ranged from
very small to small, which is consistent with evidence that multiple
contextual factors pertaining to the situation and the individual
contribute to prescription misuse occurrence (Schepis et al., 2020).
In addition, the momentary mood variables demonstrated psycho-
metric properties that were not ideal, with negativity alphas falling
below values commonly deemed as adequate (Schmitt, 1996) and
demonstrating lower reliability than positivity. Methodological
attention to strengthening the assessment of these indicators at
momentary (vs. daily or broader) intervals is needed.

Despite these limitations, the present study identifies momentary
mood and background mental health indicators associated (both
directly and in moderation models) with increased risk for engaging
in prescription medication misuse in daily life. Results offer im-
plications for future research and applied efforts to reduce a
hazardous substance behavior during the important young-adulthood
period, and encourage longitudinal assessments to support the
identification of time-ordered dynamics between prescription drug
misuse and mental health domains over time.
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