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Abstract

Prescription stimulant misuse (PSM) is common in young adult college students, at over 10% in
the past year, and it is associated with other substance use and risk behaviors. Research focused on
the real-time drivers of PSM is absent, impeding prevention and intervention. This research aimed
to fill that gap by examining the relationships between affect, global stress, or academic stress

and PSM via ecological momentary assessment (EMA); we also investigated baseline predictors
of PSM frequency during the 21-day EMA period. Forty-one full-time college students (mean age:
20.5, 66% female) who endorsed current PSM (= 6 past-year episodes) participated. Participants
were asked to complete EMA questions in response to three daily investigator-initiated prompts
and after every PSM episode. Assessments were selected based on affect regulation (e.g., positive
affect [PA], negative affect [NA]) and drug instrumentalization (e.g., academic stress and/or
demands) theories of substance use. Mixed effects linear models examined EMA data, and
negative binomial regression analyses examined baseline predictors of PSM episode frequency. PA
was higher on PSM days and increased post-PSM, whereas NA was unrelated to PSM. Although
global and academic stress were largely unrelated to PSM, when the motive endorsed for PSM was
“to study”, pre-PSM ratings of academic demand and stress were significantly higher. Finally, a
history of recreational motives (e.g., to get high) or higher levels of ADHD symptoms predicted a
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greater number of PSM episodes over the EMA period. The results offered mixed support for both
affect regulation and instrumentalization as applied to PSM.
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Prescription stimulant misuse (PSM), or misuse of medications commonly prescribed for
symptoms of Attention Deficit Hyperactivity Disorder (Clemow & Walker, 2014), is most
common in young adults, 18-25 years (Ford & Pomykacz, 2016; McCabe, West, Teter, &
Boyd, 2014). Full-time college students and recent college graduates evidence the highest
past-year PSM prevalence rates: 10.3% and 11.2%, respectively; these are significantly
higher than the 5.6% and 4.4% among high school graduates and those who dropped out,
respectively (Schepis, Teter, & McCabe, 2018).

PSM is commonly defined as use without a prescription or use of one’s own stimulant
medication in ways not intended by the prescriber (e.g., greater doses, non-oral
administration), and it is associated with concerning correlates, such as poorer academic
performance (Arria & DuPont, 2010) and problematic other substance use (Schepis,
Acheson, Zapp, & Swartzwelder, 2019; Weyandt et al., 2013). PSM in college students

is mainly motivated by perceived academic enhancement, such as to promote focus,
concentration or studying, and/or to improve one’s GPA (DeSantis, Webb, & Noar, 2008;
Norman & Ford, 2018). Despite this, the evidence suggests no academic benefit from PSM
(e.g., Garnier-Dykstra, Caldeira, Vincent, O’Grady, & Arria, 2012; McCabe, Knight, Teter,
& Wechsler, 2005).

Little work has examined proximal influences on college student PSM. Research evaluating
real-time PSM risk factors via ecological momentary assessment (EMA) could provide

a better understanding of proximal causal relationships between PSM and theoretically
important variables, such as affect and stress. Affect regulation models posit that substance
use is prompted to reduce negative affect (NA), increase positive affect (PA), and/or improve
emotional control (Cheetham, Allen, Yucel, & Lubman, 2010), though many models
emphasize NA reduction, especially for physiological dependence (Baker, Piper, McCarthy,
Majeskie, & Fiore, 2004; Zorrilla & Koob, 2019). Drug instrumentalization (Muller &
Schumann, 2011) suggests that substance use is an instrument to achieve an outcome, like
affective changes or perceived academic enhancement for PSM. In college students, limited
research suggests that expectation of stimulant receipt is associated with increases in PA
and NA (Looby & Earleywine, 2011), and PSM is associated with higher global stress
levels (Dussault & Weyandt, 2013). Also, as key motives for college student PSM relate to
academic enhancement, PSM may be driven by academic stress.

Aims and Hypotheses

This study used EMA techniques, with two aims: 1) evaluate the relationships between
affect or stress and PSM over a 21-day EMA period, and 2) investigate baseline predictors
of PSM frequency in the 21-day EMA period. For the first aim, we hypothesized that PSM
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would be linked to prospective increases in PA and decreases in NA; we also expected
episodes of PSM when pre-PSM episode PA is lower, NA is higher, and with elevated

stress levels, especially academic stress. For the second aim, we hypothesized that more
frequent PSM will be predicted by greater levels of trait impulsivity, delay discounting,
ADHD symptoms, and by a history of recreational motives, which is associated with greater
concurrent risk behavior among those engaged in PSM (McCabe, Boyd, & Teter, 2009).

Forty-five full-time college students signed informed consent; 41 completed the baseline
session and EMA period. Eligibility criteria; 18-25 years; able to read/write in English;
enrolled in =9 hours (i.e., full-time student); engaged in =6 past-year PSM episodes; and
owned an iOS (Apple) or Android smartphone. The criterion of 6 or more PSM episodes

is more stringent than other survey- (Holt & Looby, 2018; Smith, Martel, & DeSantis,
2017) and lab-based (Looby & Earleywine, 2011; Wilens et al., 2017) assessments of PSM,
necessitated by a need to maximize likelihood of episodes in the EMA period; other criteria
were consistent with past PSM research. The final sample of 41 participants were 66%
female (n=27), primarily Caucasian, non-Latinx (56%, n=23) or Latinx (29%, n=12), with a
mean age of 20.5 (SD=1.57). Participants came from 26 undergraduate majors, though the
modal major was Psychology (n=13). Fifteen (36.6%) had a current stimulant medication
prescription.

Participants were recruited via campus flyers, TV signboard announcements, and emails by
professors to classes. The emails were primarily from Psychology professors, but professors
in Biology, Chemistry, and Engineering also sent emails. Interested students were phone
screened using a structured questionnaire assessing the eligibility criteria, and those meeting
criteria were scheduled for a baseline appointment. After obtaining informed consent,
participants’ past-year PSM frequency was assessed to confirm eligibility. Participants

then completed baseline assessments via computer. Next, study staff helped the participant
download and understand the EMA app’s functions; the EMA platform was from LifeData,
Inc.

Following the baseline appointment, participants completed the 21-day EMA phase. The
21-day duration was based on past research in alcohol and tobacco use (e.g., Berkman,
Dickenson, Falk, & Lieberman, 2011; O’Donnell et al., 2019). Participants completed two
types of assessments. First, signal-contingent assessments were completed upon receipt
of a prompt. Participants were signaled at three semi-random times daily, within three
blocks (9AM-2PM; 2-7PM; and 7PM-12AM). Per participant self-report of their typical
daily sleep-wake cycle, time blocks were altered by up to two hours in either direction

to ensure prompts were sent when participants were typically awake. After a prompt was
sent, the participant had 90 minutes to complete the survey to prevent participants from
answering multiple surveys retrospectively (Shiffman, Stone, & Hufford, 2008). Second,
event-contingent assessments were completed as soon as possible when participants engaged
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in PSM. The same questions were used in both types of survey. Participants were paid $20
for completing the screening, $1 for each completed EMA survey, and a $20 bonus for
completing =80% of the signal-contingent surveys. All procedures were approved by the
Texas State University IRB.

More detail on measures is in Supplemental Table A, with means and ranges of the baseline
measures in Supplemental Table B.

EMA Measures—First, participants were asked about PSM episodes: “Have you misused
a stimulant since the last survey? That is, have you used your own stimulant medication in
a way your doctor did not intend or have you used another person’s stimulant medication?”
This definition is consistent with those of the National Survey on Drug Use and Health
(NSDUH) and the National Epidemiologic Survey on Alcohol and Related Conditions-111
(Center for Behavioral Health Statistics and Quality, 2018; Grant et al., 2014). Participants
were instructed that “in a way your doctor did not intend” included increasing the dose,
taking more often than prescribed, and non-oral administration.

In those endorsing PSM, a follow-up question assessed PSM motives, based on McCabe
and Cranford (2012); PSM sources were assessed using items from McCabe and colleagues
(2019). The International Positive and Negative Affect Scale, Short Form (I-PANAS-SF;
Thompson, 2007) captured current affective state, and the 4-item Perceived Stress Scale
(PSS-4; Cohen, Kamarck, & Mermelstein, 1983; Lee, 2012) assessed current perceived
global stress. The PSS-4 was modified to fit the EMA aims by focusing on time since last
survey.

Four constructs were measured via 100-point visual analogue scales (VAS): emotional
control, academic stress, academic demands, and academic self-efficacy. No significant
differences were found between VAS and Likert scale ratings across many measures (Cook,
Heath, Thompson, & Thompson, 2001; Couper, Tourangeau, Conrad, & Singer, 2006),
suggesting utility when fewer items are required.

Baseline Measures—Sociodemographics included: age, sex (male/female/transgender),
race/ethnicity (Latinx/Caucasian/African-American/Asian-American/American Indian-
Native American), and grade point average.

The Adult ADHD Self-Report Scale (ASRS) screener assessed ADHD symptoms over the
past 6 months (Kessler et al., 2005; van de Glind et al., 2013). The Short UPPS-P Impulsive
Behavior scale (SUPPS-P) captured trait impulsivity, with five subscales: negative urgency,
positive urgency, lack of premeditation, lack of perseverance, and sensation seeking (Cyders,
Littlefield, Coffey, & Karyadi, 2014). Delay discounting was measured through the 27-item
Monetary Choice Questionnaire from Kirby and colleagues (1999), scored via spreadsheet
from Kaplan and colleagues (2016).

The Stimulant Survey Questionnaire (SSQ; Weyandt et al., 2009) provided single-item
questions for lifetime co-ingestion with alcohol and non-oral PSM (e.g., snorting, smoking,
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and/or injection). A single-item assessment of lifetime PSM motives was used, with
motives classified as any recreational motives and self-treatment only motives; a single-item
assessment of lifetime PSM sources was used, with single versus multiple source use
captured. Co-ingestion and non-oral PSM, recreational motives, and multiple source use are
associated with poorer outcomes (McCabe et al., 2019; McCabe, West, Schepis, & Teter,
2015; Messina et al., 2016).

Data Analyses

EMA—Analyses occurred in PASW version 23.0. All models included a random effect for
subject and fixed effects for other predictors. Pseudo R-squared values were calculated using
error terms from the unrestricted and restricted models, per Kreft and de Leeuw (1998).
The cross-sectional and prospective relationships affect to PSM were evaluated in four
separate ways. First at the daily level, mixed effects linear models compared mean affect
levels on PSM versus non-PSM days. Data were aggregated by participant and day, creating
an average daily affect ratings by participant. Days were dummy coded (0=non-PSM,
1=PSM). At the concurrent momentary level, GLMs evaluated whether momentary levels
of predictor variables were related to PSM at that time point. Next, the temporal pattern

of affect and PSM was evaluated using mixed effects linear models. Specifically, pre- and
post-PSM affect was modeled using linear, quadratic and cubic effects centered around the
first daily PSM episode. These models included a random effect for subjects, and fixed
effects for minutes, minutes2, and minutes? (all prior to/after PSM), as well as interactions
between these time components and pre/post-PSM status.

Participants completed a mean of 83.4% (SD=19.0%; range=24-100%) of signal-contingent
prompts. Participants evinced comparable completion rates on PSM (85.5%) and non-PSM
days (85.4%). These rates are higher than those in other EMA studies of substance use in
non-treatment samples (e.g., Buckner et al., 2015; Hopper et al., 2006). Although GLM
allows for missing data, we excluded days where =250% of the ratings were missing (Crosby
et al., 2009); thus, 321 observations (11.8%) were excluded. Participants completed 2,290
signal-contingent and 101 event-contingent assessments.

PSM Episode Number—These analyses were conducted in STATA 16.0, using a log-
linear approach. As variance greatly exceeded the mean of PSM episodes, a negative
binomial model was used (Agresti, 2014). Fit statistics from analyses supported negative
binomial model use. Only one of 41 participants had zero PSM episodes, meaning a zero-
inflated model was unnecessary. Initial negative binomial regressions were univariable, with
predictors retained when p<0.25 for a second, multivariable model (Hosmer & Lemeshow,
2000). Predictors were sociodemographics, trait impulsivity, delay discounting, ADHD
symptom level, lifetime co-ingestion with alcohol, lifetime recreational motives, and lifetime
non-oral PSM.
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RESULTS
EMA Outcomes

Participants recorded 258 prescription stimulant misuse (PSM) episodes in the 21-day EMA
period (M=6.61, SD= 4.92), for an average of 0.38 (SD=0.7) PSM episodes per day

during the 21-day EMA period. When PSM occurred, 88.8% of days had one PSM episode,
10.8% two, and 0.4% three. The most common sources were using one’s own medication
(36.0%), buying from a friend (27.8%), free from friend/roommate (18.8%), or buying

from a stranger/dealer (12.5%). The most common medication used for PSM was Adderall
(65.1% of episodes), followed by Vyvanse (23.0%), and generic methylphenidate (3.6%);
other medications were used in 8.3% of episodes.

At the daily level, mean level of positive affect (PA) was greater on PSM days (Table

1). We next examined whether PSM use days were associated with specific types of

PA by examining whether use day differed on individual PANAS-PA items. On PSM

days, participants were more alert (p<.001), determined (p=.044), and attentive (0p<.001).
Both overall negative affect (NA) and PANAS-NA items were unrelated to PSM, as were
Perceived Stress Scale (PSS-4) total score and items, and visual analogue scale (VAS)
measures. At the concurrent momentary level (i.e., relations among PSM use and affect

at each individual assessment period), PA was related to PSM, suggesting increased PA
after PSM. Regarding specific PANAS-PA items, participants reported feeling significantly
more alert (p<.001), inspired (p=.004), determined (p<.001), attentive (p<.001), and active
(p=.005) after PSM. Neither total NA nor individual PANAS-NA items were related to
PSM. PSS-4 total was significantly related to PSM (Table 1), with decreases in global stress
around the PSM episode (p=.042).

Temporal patterns between PSM and affect were examined by determining pre-/post-PSM
affect patterns affect. Although PA did not significantly change prior to PSM, (p=.115),

it increased significantly post-PSM, B=-1.86, SE£=.81, p=.023 (Figure 1). NA did not
significantly change before (p=.683) or after PSM (o= .805). No VAS or PSS-4 item (nor
PSS-4 total score) were prospectively related to PSM.

The most common non-mutually exclusive PSM motives were to concentrate (72.1%), study
better (66.3%), and stay awake (57.0%). Less common motives were to feel better/get high
(17.4%) and lose weight (9.3%). Participants reported that their most important PSM motive
was to study better (36.8%), concentrate (28.3%), stay awake (23.3%), or feel better/get
high (7.0%). During PSM, at the concurrent level, using to study was significantly related to
academic stress, B=.02, SE=.01, p=.007, academic demand, B=.02, SE=.01, p=.007, and the
PSS-4 item about difficulties piling up, B=.38, SE=.12, p=.002,.

PSM Episode Number—Demaographics, all short UPPS-P Impulsive Behavior (SUPPS-
P) subscales, delay discounting, and lifetime multiple source use were excluded from
multivariable analyses (i.e., #>0.25). In the multivariable regression, ADHD symptom
level (coefficient=0.03, S£=0.01, p=0.011) and a history of recreational motives
(coefficient=0.49, SE=0.25, p=0.046) significantly predicted number of PSM episodes.
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Those with a history of recreational motives had a mean of 9.06 PSM episodes (SD=6.75),
while those with self-treatment only motives had 5.40 (SD=4.09).

DISCUSSION

Our hypotheses were: (1) PSM would be linked to prospective increases in PA and decreased
NA; (2) episodes of PSM would occur when pre-PSM episode PA is lower, NA is higher,
and with elevated stress levels, especially academic stress; (3) more frequent PSM will be
predicted by greater levels of trait impulsivity, delay discounting, ADHD symptoms, and by
a history of recreational motives.

In all, PA enhancement was a key momentary factor in PSM. PA was higher on PSM days
and increased in the hours following PSM episodes, while NA was unrelated to PSM. This is
not consistent with affect regulation models that emphasize NA (e.g., Baker et al., 2004) or
EMA findings evaluating NA-cannabis relationships (Buckner et al., 2015), suggesting that
affect regulation may vary by type of substance use. Alternatively, Cheetham and colleagues
(2010) proposed that PA enhancement is more important in early substance use. PSM
initiation increases notably in late adolescence and early adulthood, so many participants
may be recent initiators and in an earlier phase of PSM where PA enhancement is key.

Notably, PSM appeared to increase alertness, attentiveness and activity, which are
components of PA and states that can enhance academic work. Thus, college students
may engage in PSM for both PA enhancement and perceived academic benefit, consistent
with the most common college student PSM matives (McCabe et al., 2009). College
students at-risk for PSM or engaged in PSM could benefit from increased exposure to
non-drug reinforcers, including greater one-on-one attention from peer counselors or more
on-campus programming, that increase PA and reduce PSM likelihood (Carroll, 1996).
Greater availability of on-campus treatments fostering positive coping and non-drug PA
should be considered (e.g., cognitive-behavioral and mindfulness-based therapies), though
research on the PA-specific effects of substance use treatment is limited (Boden, Heinz, &
Kashdan, 2016; Kang, Fairbairn, & Ariss, 2019).

The EMA results for global and academic stress were less clear. Higher global stress
potentially prompted PSM in the moment, but global stress did not decrease post-PSM.
Thus, PSM may not successfully decrease overall stress. PSM episodes motivated by
studying were associated with higher levels of self-reported academic stress and demands,
despite perceived academic stress or demands not decreasing post-PSM. This is consistent
with a drug instrumentalization model (Muller & Schumann, 2011), with PSM intended to
improve academic outcomes. It is also consistent with the cross-sectional and longitudinal
evidence on college student PSM, where PSM is more likely in those who perceive
academic benefits (Arria et al., 2018), despite a lack of tangible benefits (Arria et al., 2013).
Taken together, it may be useful to provide psychoeducation on the lack of impact of PSM
on global and academic stress in college student treatment and prevention efforts.

Finally, number of PSM episodes over the EMA period was predicted by a history of
recreational motives and higher levels of ADHD symptoms. All participants with past
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recreational motives also endorsed past self-treatment motives, and it is not surprising that
individuals with a greater variety of motives would more frequently engage in PSM. Also,
individuals engaged in PSM have a greater likelihood of an ADHD diagnosis or elevated
ADHD symptoms (Wilens et al., 2016). Although this and past findings may reflect that
students with ADHD have greater stimulant medication access, facilitating PSM, research is
needed to clarify the complex and unclear causal relationships between ADHD symptoms
and PSM.

Limitations

First, the study is limited by the smaller sample, and future studies should examine

these theories in larger samples. Also, the college student sample does not generalize to
non-college young adults (Schepis et al., 2018), and our sample was more female and
Caucasian than young adults overall. Also, some measures had poorer psychometrics than
longer versions or were created for this study, prompted by the need for brief measures to
maximize EMA data completeness (Short et al., 2018). We also did not assess correlates
such depression, anxiety, or substance use disorder symptoms and diagnosis, and factors
like age of PSM initiation and self-report of perceived academic enhancement after PSM
episodes or after completion of the EMA period; future studies should assess these. Finally,
these data have the inherent limitations of self-report data.

Conclusions

This EMA study provided evidence for both affective regulation, especially PA
enhancement, and drug instrumentalization theories, as applied to college student PSM.
While the EMA data did not support a relationship between NA and PSM, most participants
are likely to be recent PSM initiators and unlikely to experience PSM-related NA (e.g.,
withdrawal). Notably, many individual PA items are potentially academic enhancement
motives (e.g., alertness, attentiveness, and activity). Thus, PSM may be an instrument to
both enhance PA and academic performance, even if the evidence supports no such benefit
(Arriaetal., 2017).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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PUBLIC SIGNIFICANCE STATEMENT

This study suggests that prescription stimulant misuse (PSM) in college students is
likely motivated both by a desire to increase pleasurable feelings (i.e., positive affect)
and increase states that facilitate studying, like alertness. Prevention and intervention
programs that promote non-drug pleasurable activities, organizational and study skills,
and provide psychoeducation on the lack of academic benefit from PSM could help limit
college student PSM.
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Figure 1:
Temporal Relationship between Positive Affect and PSM Episodes

Positive affect (PA) did not increase or decrease at a significant rate prior to PSM (B= 1.06,
SE= .67, p=.115), but it increased at a significant rate following PSM (B= -1.86, SE= .81,
p=.023).

PA was summed scores for current ratings of “alert”, “inspired”, “determined”, “attentive”,
“active” on a 5-point Likert scale (1: “not at all” to 5: “always”).
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Table 1:

Relations of Affect with Prescription Stimulant Misuse (PSM) when assessed by (1) Whether PSM occurred
that Day, and (2) Momentary Relations between Predictors and PSM

PSM No PSM
Predictor M (SD) M (SD) B SE p 95% ClI
PSM Day Status
Negative affect 857(3.76) 850(3.68) .01 .03 .865 .057,.068
Positive affect 15.24 (4.85) 1355(4.48) .08 .03 .004 .025, .135
Perceived Stress (PSS-4)  7.53 (1.91) 7.43(1.81) .03 .05 539 -.064,.123
Momentary PSM
Negative affect 8.67(354) 850(3.72) .01 .03 .694 -.050,.075
Positive affect 17.04 (4.86) 13.64 (4.46) .17 .04 <001 .087,.251

Perceived Stress (PSS-4)  7.73(1.76)  7.43(1.84) .09 .04 042  .003,.177
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