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ABSTRACT. Objective: Simultaneous alcohol and nonmedical pre-
scription drug use (NMPDU) increases acute risks (e.g., overdose) asso-
ciated with each; understanding social, substance use, and mental health
predictors of same-day use may suggest intervention targets. Method:
At an urban emergency department, research assistants recruited youth
ages 14–24 reporting past-6-month substance use (n = 599; 58.8% male).
Participants self-administered validated measures of alcohol consump-
tion, cannabis use severity (quantity and consequences), mental health
symptoms, and social influences at baseline and at four biannual follow-
ups. In addition, participants completed Timeline Followback calendars
that assessed same-day use of alcohol and prescription drugs. We used
negative binomial regression with person-level fixed effects to isolate
within-person predictor effects on same-day use frequency. Results: Be-
tween 6.0% (baseline) and 8.6% (6-month follow-up) of youth reported

same-day alcohol use and NMPDU across follow-ups. Within-person
increases in alcohol consumption, cannabis use severity, and depression
and anxiety symptoms all corresponded to greater same-day alcohol and
NMPDU frequency, with consistent findings across genders. Increased
positive peer behaviors corresponded to decreased same-day use fre-
quency among males but not females. Decreased parental support and
increased delinquent peer exposures corresponded to greater same-day
use frequency among females but not males. Conclusions: Substance
use and mental health symptom escalation are robust predictors of
greater same-day use frequency, whereas the roles of social factors ap-
pear gender-specific. Interrupting worsening trajectories of substance use
and mental health symptoms, and enhancing social support and reducing
delinquent peer exposures, may reduce same-day use frequency. (J. Stud.
Alcohol Drugs, 83, 85–90, 2022)
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ALCOHOL IS the most commonly used substance in the
United States, with initiation and escalation of use often

occurring during adolescence and young adulthood (Stone et
al., 2012; Substance Abuse and Mental Health Services Ad-
ministration [SAMHSA], 2020a; Sussman & Arnett, 2014).
For example, 18.5% of youth ages 12–20 and 66.2% of those
21–25 years old report past-month alcohol consumption;
11.1% and 41.6%, respectively, report past-month binge
drinking, whereas 3.3% and 11.1% endorse symptoms in-
dicative of an alcohol use disorder (SAMHSA, 2020a). In
addition, 1.3% of adolescents ages 12–17 and 3.4% of young
adults ages 18–25 reported nonmedical prescription drug use
(NMPDU) in the past month (past-year: 4.3% and 11.5%,
respectively; SAMHSA, 2020a).

Alcohol and NMPDU are associated with increased risk
for mental, physical, and social consequences (Baggio et
al., 2014; Bonar et al., 2020). NMPDU is associated with

both depressive symptoms (Bonar et al., 2020; Lin et al.,
2016; Schepis et al., 2018, 2020) and anxiety (Roy et al.,
2015; Viana et al., 2012) among youth and, for example,
there is evidence that co-ingestion with other substances
is associated with seeking mental health treatment among
nonmedical sedative/tranquilizer–using youth (Schepis et
al., 2016). In addition, mixing alcohol and prescription drugs
carries acute health risks. Specifically, co-use of alcohol and
prescription opioids can lead to potentially fatal respiratory
complications, even with normal-level prescription doses and
relatively moderate alcohol co-consumption (van der Schrier
et al., 2017). Similarly, sedative/hypnotic co-use with alcohol
dramatically increases the risk for overdose death (Garg et
al., 2017), whereas prescription stimulant and alcohol co-use
may enhance the stimulatory effects, potentially lengthening
the duration of a drinking session, increasing related risks
(Egan et al., 2013). Thus, it is crucial to understand the
prevalence, frequency, and predictors of changes in alcohol
and NMPDU co-use, particularly among youth, who show
the highest consumption rates of both (Johnston et al., 2014;
National Institute on Drug Abuse [NIDA], 2001).

Research on alcohol and NMPDU epidemiology typi-
cally involves school-based samples. Among undergraduates,
12.1% reported past-year alcohol and NMPDU co-use, with
higher rates among males, White youth, and those reporting
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earlier alcohol use initiation (McCabe et al., 2006). Past-year
NMPDU of prescription stimulants and opioids among high
school seniors was 7.3% (McCabe et al., 2015) and 12.3%
(McCabe et al., 2012), respectively; roughly half of those
reporting nonmedical use also reported co-ingestion with
alcohol (McCabe et al., 2012, 2015). The risk of co-use is
enhanced by those reporting use in social contexts (McCabe
et al., 2015) and with recreational motives (McCabe et al.,
2012, 2015). Similarly, other researchers have found more
than half of college students reporting NMPDU also report
co-use with alcohol, and those individuals generally report
higher drinking severity (Garnier et al., 2009).

The current work offers innovations through both the target
of the statistical inference and the study population. No prior
studies have analyzed co-use among youth in health care
settings, such as the emergency department, which is crucial
both because (a) urban emergency departments provide an ac-
cess point for youth who may not attend school or have other
health care access and (b) emergency-department youth may
be more amenable to behavior change and intervention than
those in other settings (Maio et al., 2005). Thus, this work
will provide previously unavailable information on a crucial
study population that is well-suited to intervention. In addition,
although prior studies have identified within-person predictors
of changes in substance use (e.g., drug use disorder; Goldstick
et al., 2021), no prior research has analyzed what factors are
associated with within-person changes over time in alcohol
and NMPDU co-use, which may offer crucial information on
intervention points and modifiable risk factors.

In this study, we used longitudinal data from youth
presenting to an urban emergency department to examine
frequency, rates, and predictors of within-person changes
in alcohol and NMPDU (stimulants, sedatives, and opioids)
co-use (measured as same-day consumption). Given their im-
portance in prior work, we focused principally on time-vary-
ing measurements of alcohol consumption, mental health
symptoms, and social exposures, as potential predictors,
consistent with the inner levels of social-ecological model,
which can provide a framework for potential interventions
incorporating resiliency-based approaches (Bronfenbrenner,
1994; Garmezy, 1991; Rutter, 1987; Sallis et al., 2008;
Sudhinaraset et al., 2016). Given gender-based differences
in substance use epidemiology (McHugh et al., 2018), we
also conducted gender-stratified analyses. We hypothesized
that increased alcohol consumption, worsening depression
and anxiety symptoms, and decreased social support would
correspond to greater rates of alcohol and NMPDU co-use.

Method

Participants

Youth (ages 14–24) seeking emergency-department
treatment for violent injuries in Flint, MI (November 2009–

September 2011), were approached for study participation,
in addition to a sequentially sampled, age/gender-matched
group seeking treatment for other reasons. Those reporting
any past-6-month drug use during screening were eligible
for a longitudinal study involving a baseline assessment and
four biannual follow-ups (all follow-up rates >83%). In total,
599 youth (349 violently injured; 58.8% male; 58.3% Black,
32.6% White, 7.5% multiracial; 5.8% Hispanic) participated
in the longitudinal study. Detailed procedures and sample
characteristics are described elsewhere (Bohnert et al., 2015;
Cunningham et al., 2015a).

Measures

We measured substance consumption (baseline: past-30-
days, follow-ups: past-90-days) via the study staff-admin-
istered Timeline Followback (TLFB; Hjorthøj et al., 2012;
Sobell et al., 1979) recording alcohol quantity (standard
drinks) and a binary indicator (yes/no) of nine other sub-
stances. Language for the interview guide, including the
NMPDU questions (“This means on your own to get high,
taken someone else’s, or taken more than was prescribed”),
was adapted from the NIDA–Alcohol, Smoking and Sub-
stance Involvement Screening Test (NIDA-ASSIST; WHO
ASSIST Working Group, 2002). TLFB data from this study
have been used previously (e.g., Stoddard et al., 2015; Wal-
ton et al., 2017). The primary outcome was the number of
days on which the participant reported both alcohol use and
nonmedical use of one of the following: prescription stimu-
lants, prescription opioids, and/or prescription sedatives.

The focal time-varying explanatory variables in this
analysis are self-reported measures of alcohol consumption,
cannabis use severity (quantity used; consequences), mental
health symptoms, social support/influences, past-6-month
violence injury, and demographics (age; public assistance).
We assessed past-6-month alcohol use using the Alcohol Use
Disorders Identification Test–Consumption (AUDIT-C; Bush
et al., 1988; within-sample Cronbach’s α = .84) and cannabis
use severity by summing the six-item NIDA-Modified AS-
SIST cannabis subscale (WHO ASSIST Working Group,
2002; α = .75). We used the AUDIT-C rather than the full-
length AUDIT because its brevity optimizes usefulness in
an emergency-department setting while maintaining strong
sensitivity and specificity (Dawson et al., 2005). Participants
reported past-week depression and anxiety symptoms (six
items each) using the Brief Symptom Inventory (BSI; Piersma
et al., 1994; α = .93); we averaged the 12 items into one score.
We measured current positive peer behaviors (four items;
e.g., school, community participation; α = .78) and peer
delinquency (seven items; e.g., substance use, fighting; α =
.82) as the average of scales from the Flint Adolescent Study
(Zimmerman et al., 2002), and measured parental support (six
items; α = .92) (Procidano & Heller, 1983). Demographics
included age, gender, and receipt of public assistance.
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Statistical analysis

We calculated the proportion of participants reporting
co-use of alcohol and each of prescription stimulants, pre-
scription sedatives, and prescription opioids at each follow-
up. Our adjusted analysis was negative binomial regression.
Because we were principally interested in within-person
associations between the covariates and co-use frequency, all
models included person-level fixed effects. Person-level fixed
effects ensure the covariate effect estimates are only driven
by within-person associations (Gunasekara et al., 2014)
and automatically control for time-invariant person-level
confounders—both measured and unmeasured. Although
typically applied in linear regression models, similar logic
applies in negative binomial regression models (Allison &
Waterman, 2002); which we chose because of the count out-
come. Models included an offset for the log of the number of
days assessed in each TLFB (baseline: 30; follow-ups: 90).
We hypothesized gender differences in predictors of alcohol
and prescription drug co-use, so our models were stratified
by gender. Thus, we fit four models in total—one combined
model, one with males only, one with females only, and a
fourth to explicitly test interactions between gender and each
predictor. R version 3.6.0 (www.r-project.org) was used for
all data handling and analysis.

Results

The proportions reporting at least 1 alcohol and
NMPDU co-use day at baseline and at each follow-up
were between 6.0% (baseline) and 8.6% (6-month) across
assessments. Supplemental Figure 1 shows the propor-
tion reporting alcohol and NMPDU same-day use at each
follow-up, stratified by drug type (stimulants, sedatives,
and opioids). (The supplemental material appears as an
online-only addendum to this article on the journal’s web-
site.) Prescription stimulant and alcohol co-use was least
common (<1% at all assessments). Across assessments,
sedative and alcohol co-use was reported by the largest
proportion, ranging between 3.8% (baseline) and 5.5%
(18-month follow-up). Between 2.0% (baseline) and 4.7%
(6-month) reported at least one alcohol and prescription
opioid co-use day. Frequencies stratified by gender are
shown in Supplemental Figure 2. Overall, males reported
co-use on 1 or more days in 7.9% of all TLFB assess-
ments, whereas the corresponding percentage for females
was 6.0%; the difference was not statistically significant
(p = .08). Appendix Table 1 shows descriptive statistics for
the outcome and each covariate at each follow-up; past-6-
month substance use and current mental health symptoms
were highest at baseline, and there were comparatively
smaller changes in social exposures. The intraclass corre-
lation coefficient of the outcome was .08, suggesting sub-
stantial within-person variability in the outcome.

Table 1 shows negative binomial regression examining
within-person predictors of changes in alcohol and pre-
scription drug co-use frequency. Among males, increased
alcohol consumption (rate ratio [RR] = 1.34), cannabis use
severity (RR = 1.34), and anxiety/depression symptoms (RR
= 1.87) all corresponded to greater frequency of alcohol
and prescription drug co-use, whereas increased positive
peer behaviors coincided with less co-use frequency (RR
= 0.43). Among females, alcohol consumption (RR = 1.27)
and cannabis use severity (RR = 1.60) also showed positive
within-person associations with co-use frequency, but, unlike
males, peer delinquency (RR = 3.16) also was positively as-
sociated with co-use frequency; increased parental support
corresponded to lower rates of co-use (RR = 0.65). The joint
model confirmed peer delinquency was significantly more
risk-enhancing among females, positive peer affiliations
were more protective among males, and parental support was
more protective among females. As a sensitivity analysis,
we re-fit each model using only the 71.3% of participants
who completed all five assessments (Appendix Table 2);
there were no large changes in the direction or magnitudes
of effects, but the parental support findings were no longer
significant because of widening of the confidence interval.

Discussion

This is the first examination of alcohol and NMPDU co-
use among youth presenting to an urban emergency depart-
ment. We found that co-use was relatively common, with
up to 8.6% reporting recent co-use days, and co-use was
generally more likely among males, which is substantially
higher than past-30-day rates in national samples of youth
ages 12–25, who report rates under 0.5% for co-use of
alcohol and each of stimulants, pain relievers, and tranquil-
izers/sedatives (SAMHSA, 2020b). In addition, there was
within-person variability over time in co-use, with several
factors predicting that variability in the context of gender
differences in their effects. Furthering knowledge of within-
person predictors of changes in alcohol and NMPDU co-use
has potential to enhance prevention of co-use and its accom-
panying risks (e.g., unintentional overdose).

In both males and females, escalating alcohol consump-
tion and cannabis use severity corresponded to greater
rates of alcohol and NMPDU co-use. This finding is con-
sistent with prior research showing that those reporting co-
use have higher drinking severity (Garnier et al., 2009), but
this is the first analysis to identify effects driven only by
within-person changes. These within-person associations
suggest that changes in alcohol use, which are also pre-
dictable (Goldstick et al., 2019), and changes in cannabis
use, coalesce with changes in higher risk substance use
(i.e., misuse of prescriptions, and same-day of prescription
drugs with alcohol), and this signal is robust across men
and women. Our results suggest that focusing on alcohol
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TABLE 1. Negative binomial regression showing within-person predictors of changes in frequency of same-day alcohol and nonmedical
prescription drug use over 24 months

Model 1 Model 2 Model 3 Model 4
Variable (combined) (male only) (female only) (interaction)

Time-varying demographics
Age 0.92 (0.74, 1.15) 0.96 (0.74, 1.26) 0.96 (0.65, 1.43) 0.96 (0.74, 1.25)
Public assistance 1.17 (0.71, 1.90) 1.36 (0.78, 2.36) 1.04 (0.35, 3.10) 1.37 (0.79, 2.35)

Substance use, mental health
Alcohol use (AUDIT-C) 1.32 (1.22, 1.44) 1.34 (1.21, 1.48) 1.27 (1.08, 1.48) 1.34 (1.21, 1.47)
Cannabis use (ASSIST) 1.43 (1.21, 1.69) 1.34 (1.11, 1.63) 1.60 (1.14, 2.26) 1.34 (1.11, 1.62)
Anxiety/depression (BSI) 1.41 (1.06, 1.89) 1.87 (1.22, 2.88) 1.07 (0.72, 1.59) 1.86 (1.22, 2.84)

Social support/influences
Parental support 0.95 (0.78, 1.16) 1.07 (0.84, 1.38) 0.65 (0.44, 0.95) 1.07 (0.84, 1.37)
Friend positive behavior 0.60 (0.43, 0.82) 0.43 (0.29, 0.65) 1.26 (0.72, 2.19) 0.43 (0.29, 0.65)
Friend delinquency 1.63 (1.17, 2.28) 1.32 (0.91, 1.92) 3.16 (1.53, 6.51) 1.31 (0.91, 1.90)

Interactions w/sex (reference: male)
Age – – – 1.00 (0.62, 1.62)
Public assistance – – – 0.77 (0.22, 2.66)
Alcohol use (AUDIT-C) – – – 0.95 (0.78, 1.14)
Cannabis use (ASSIST) – – – 1.21 (0.81, 1.80)
Anxiety/depression (BSI) – – – 0.58 (0.32, 1.04)
Parental support – – – 0.61 (0.38, 0.97)
Friend positive behavior – – – 2.91 (1.44, 5.88)
Friend delinquency – – – 2.45 (1.07, 5.64)

Notes: The outcome variable is the number of co-use days at each of five assessments (baseline, 6M, 12M, 18M, and 24M). Offsets for the number
of days in the Timeline Followback (30 at baseline; 90 at each follow-up) were used so that the exponentiated coefficients shown are rate (per
day) ratios associated with changes in each covariate. Bold indicates statistical significance. AUDIT-C = Alcohol Use Disorders Identification
Test–Consumption; ASSIST = Alcohol, Smoke, and Substance Involvement Screening Test; BSI = Brief Symptom Inventory.

and prescription drug co-use for prevention is important,
especially among those with indications of escalating alco-
hol and cannabis use, which could signify a transition into
riskier behaviors.

Similar to prior work from this study underscoring the
importance of peer influences in substance use trajectories
(Goldstick et al., 2018a; Walton et al., 2017), social factors
appear related to co-use frequency, with differences across
genders. Social exposures primarily affected males through
the protective effects of positive peer behaviors, whereas
females showed protective effects of parental support. This
suggests that social support is important in terms of prevent-
ing co-use, but that effect manifests differently by gender.
There was a nonsignificant enhanced risk from delinquent
peer associations among males, but the effect was more than
twice as large (and significant) among females, suggesting
greater importance among females; this is consistent with
prior research showing that delinquent peer affiliations are
a robust predictor of several problem behaviors, including
substance use, but their effects are modified by several fac-
tors (Marschall-Lévesque et al., 2014), including gender
(Goldstick et al., 2018b). Notably, the combined model,
without interactions, obscured the protective effects of social
variables, highlighting the ongoing importance of examining
gender differences in substance use epidemiology (McHugh
et al., 2018). Interventions rooted in social ecological theory
that incorporate social factors to mitigate co-use risk and
negative outcomes could tailor approaches based on the
nuances of gender differences in the effects of pro-social

factors on co-use. Further, among men, depression/anxiety
symptoms were positively associated with co-use, supporting
the need to address mental health as well.

This study benefitted from a unique and crucially impor-
tant study population, time-varying measures of day-level
substance use outcomes, and novel predictors, but limita-
tions bear mentioning. The TLFB assessed same-day co-use,
which could include—but was not limited to—simultaneous
use. Same-day use, even if not simultaneous, of alcohol
and NMPDU still confers risk, as many of the substances
involved have a fairly long half-life, but future work that
measures simultaneous use, potentially with ecological mo-
mentary assessment designs, is warranted. Such future stud-
ies would also address limitations surrounding the age of the
current data set, which ended follow-ups in 2013. Relatedly,
amount (e.g., pills, milligrams) of prescription drug inges-
tion was not assessed, although this would allow a sharper
conception of the acute risks of co-use. More general limita-
tions center around lack of assessment of substance use mo-
tives in this study (particularly co-use motives, which could
reflect desires to address pain or potential suicidality), and
the need to replicate this work in other populations (includ-
ing diverse representation of gender minorities) to increase
generalizability and explore other demographic differences
(e.g., differences by race/ethnicity).

We demonstrated that alcohol and prescription drug co-
use is common among emergency-department youth—a
population uniquely amenable to intervention—and within-
person changes in co-use frequency are both predictable
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and differ by gender. Prevention of overdose risk behaviors,
which include alcohol and prescription drug co-use, could
focus on those showing increases in drinking and other
substance use severity, which we have shown coalesce with
greater co-use risk among both males and females. A first
step may be providing education surrounding the risks
of alcohol and prescription drug co-use among those at
highest risk, as well as motivational interviewing–based
interventions to decrease this risky behavior (Cunningham
et al., 2015b). We also affirmed the importance of social
exposures in the frequency of co-use, but optimization of
that information likely requires gender-specific approaches.
Overall, enhancing social support and positive social expo-
sures, and lowering delinquent peer affiliations, which are
known to modulate substance use rates (Marschall-Lévesque
et al., 2014), may also specifically reduce co-use risk. This
information is an important step to optimize emergency
department–based behavioral interventions to prevent future
overdose risk from alcohol and prescription drug co-use,
but future work is required with fine-grained assessments to
more rigorously evaluate co-use.
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