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Abstract

Background: This longitudinal study assesses characteristics associated with adolescents’
nonmedical use of prescription opioids (NMUPO) including: frequency, co-ingestion, motives,
specific opioid type; sequence of initiation of medical use of prescription opioids and NMUPO in
relationship to subsequent substance use disorder (SUD) symptoms.

Methods: Twenty-one independent national cohorts of U.S. high school seniors (n = 8,373) were
surveyed and followed 17 years from adolescence to age 35.

Results: The majority of adolescents who engaged in NMUPO reported occasional/frequent
NMUPO, non-pain relief motives for NMUPO, simultaneous co-ingestion involving NMUPO and
other drugs, opioid analgesics with high misuse potential, and multiple types of opioid analgesics.
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Adolescents who reported NMUPO for pain relief, NMUPO involving opioid analgesics with high
misuse potential, or multiple prescription opioids had significantly greater odds of symptoms of
SUD symptoms at age 35, relative to those who had no history of NMUPO during adolescence. In
addition, medical use of prescription opioids after initiating NMUPO (or NMUPO only) during
adolescence was associated with significantly greater odds of subsequent SUD symptoms at age
35 relative to those who reported the medical use of prescription opioids only or had no medical
use or NMUPO during adolescence.

Conclusions: This is the first U.S. national prospective study to examine the relationships
between adolescents” NMUPO characteristics and later SUD symptoms in early midlife. Several
characteristics (frequency, co-ingestion, motives, opioid type, and medical/NMUPQ initiation
history) were identified that could be used to screen and detect high-risk youth for indicated
interventions to reduce prescription opioid misuse and SUDs.
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Introduction

While the U.S. consumes approximately 80% of the world’s opioid analgesic supply,
prescription opioid misuse and opioid use disorder represent a worldwide problem
(Manchikanti et al., 2010; Peacock et al., 2018). There was a significant increase in opioid
analgesic prescribing in the U.S. and worldwide over the past three decades followed by
recent signs of a decline (Atluri et al., 2014; Bohnert et al., 2018; Dart et al., 2015; Fortuna
et al., 2010; Gilson et al., 2004; Hastie et al., 2014; Joranson et al., 2000; Manchikanti et al.,
2010; McCabe et al., 2017; Novak et al., 2004; Sandvik et al., 2016; Wagemaakers et al.,
2017; Weisberg et al., 2014; Zacny et al., 2003). Opioid analgesic prescribing trends raised
concerns regarding the changes in availability of prescription opioids contributing to
nonmedical use of prescription opioids (NMUPO) and adverse consequences such as
substance use disorders (SUDs) and overdoses (Bohnert et al., 2011; Centers for Disease
Control and Prevention, 2012; Crane, 2015; Edlund et al., 2015; Han et al., 2015; McCabe et
al., 2013, 2016; Miech et al., 2015; Substance Abuse and Mental Health Services
Administration, 2013). There are some age groups that appear are more vulnerable than
others to opioid-related adverse consequences. The number of U.S. NMUPOrelated
emergency department visits among those aged 18 to 34 years increased over 200 percent in
recent years, an increase greater than any other age group (Crane, 2015).

Despite the public health concerns regarding opioid-related consequences, there remains a
paucity of prospective longitudinal research that examines characteristics associated with
NMUPO (e.g., frequency, motives, co-ingestion, and medical/NMUPO initiation) during
adolescence and their relationship with later substance-related problems in adulthood
(Compton and Volkow, 2006a, 2006b; Nargiso et al., 2015; Young et al., 2012a). To date,
existing evidence is based primarily on cross-sectional or regional studies and indicates that
higher frequency of NMUPO, non-pain relief motives for NMUPO, and co-ingestion of
NMUPO with other drugs are associated with increased risk of substance use behaviors
during adolescence (Boyd et al., 2006; Catalano et al., 2011; Han et al., 2015; McCabe et al.,
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2006, 2007a, 2007b). Furthermore, most studies combine prescription opioids without
distinguishing between prescription opioids with a wide range of misuse potential (e.g.,
Schedule 11 vs. Schedule 11/1V/V) or the number of prescription opioids used nonmedically.
To date, no prior research has examined the long-term relationships between these key
characteristics of NMUPO in adolescence and subsequent SUD symptoms during adulthood.

Although prior regional and national U.S. studies indicate most adolescents use opioid
medications appropriately, medical use of prescription opioids during adolescence is
associated with greater odds of subsequent prescription opioid misuse (Harbaugh et al.,
2018; McCabe et al., 2013, 2016; Miech et al., 2015). Furthermore, adolescents who
reported a history of both medical use of prescription opioids and NMUPO have increased
odds of subsequent SUD symptoms (McCabe et al., 2016). The increased risk among
medical users with a history of NMUPO suggests a more in-depth examination is warranted
to identify the sequence of initiation of medical use of prescription opioids and NMUPO that
are associated with subsequent SUDs.

The main objectives of this study were to assess the relationships among adolescents’
NMUPO characteristics (e.g., frequency, motives, misuse potential, co-ingestion, and
medical prescription opioid use history) and subsequent SUD symptoms at age 35. Using
U.S. national panel data, we examine the associations among NMUPO frequency, NMUPO
motives, NMUPO co-ingestion, NMUPO count/drug schedule, and initiation of medical
prescription opioid use and NMUPO during adolescence in relation to age 35 SUD
symptoms.

2.0 Methods

Our study used national U.S. panel data from the Monitoring the Future (MTF) study
(Schulenberg et al., 2018). Based on a three-stage sampling procedure, MTF surveyed
nationally representative samples of approximately 17,000 U.S. high school seniors each
year since 1975 using questionnaires administered in classrooms. Stage 1 was the selection
of geographic areas; stage 2 was the selection of schools; and stage 3 was the selection of
students within each school. Approximately 2,450 high school seniors were randomly
selected each year for biennial follow-ups and surveyed using mailed questionnaires through
age 30. They were also followed up at age 35. Our study used data from high school seniors
who were randomly assigned to complete questionnaire Form 1 at baseline (one of six
questionnaires provided at baseline) and the single form provided to all panel respondents at
age 35. Baseline Form 1 contained information regarding both medical use of prescription
opioids and NMUPO. The MTF age 35 survey includes questions concerning adult SUD
symptoms including symptoms of alcohol use disorder (AUD), cannabis use disorder
(CUD), and other drug use disorder (ODUD).

Our study used data from 21 cohorts of high school seniors (surveyed in 1976 through 1996)
who were followed up at age 35 (surveyed in 1993 through 2013). The student response
rates at baseline over the study period ranged from 77% to 86%. Most non-response was due
to the respondent being absent (less than 1.5% refused to participate). The MTF panel
oversamples drug users from the 12th-grade sample to secure a population of drug users to
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follow into adulthood (appropriate weights are then used to best approximate population
estimates in the follow-up). The overall weighted retention rate for the longitudinal sample
from baseline (12thgrade) to age 35 was 54%. To help correct for potential attrition bias
consistent with recent MTF panel analyses (McCabe et al., 2016; Merline et al., 2008;
Schulenberg et al., 2016), we incorporated attrition weights to account for respondent
characteristics associated with nonresponse at follow up. The MTF project design and
sampling methods are described in greater detail elsewhere (Bachman et al., 2015; Miech et
al., 2018; Schulenberg et al., 2018).

2.1. Sample

As illustrated in Table 1, the weighted longitudinal sample included 8,373 individuals
(52.9% female and 47.1% male). The racial/ethnic distribution of the sample was 73.5%
White, 11.9% Black, 6.4% Hispanic, and 8.1% from other racial/ethnic categories. Attrition
analyses compared those in the longitudinal sample who participated at both waves with
those who participated at baseline only. Results showed that retention was ot significantly
different for baseline frequency of lifetime NMUPO, frequency of past-year NMUPO,
motives for NMUPO, and co-ingestion of NMUPO and other substances. There were
statistically significant associations between retention and sex (higher for females), race/
ethnicity (higher for Whites), geographical region (higher for Midwest), and cohort year
(higher for earlier cohorts). The use of attrition weights helped correct for these biases in the
analytic sample.

2.2. Measures

The MTF study was designed to assess a wide range of behaviors, attitudes, and motives.
For the present study, we selected specific baseline measures for analysis based on prior
work examining correlates associated with medical use of prescription opioids and NMUPO,
including demographic characteristics: sex, race/ethnicity, U.S. Census geographic region,
urbanicity based on metropolitan statistical area, parental education, and annual alcohol,
marijuana, and other drug use.

Medlical use of prescription opioids at baseline (age 18) was assessed by asking whether
respondents had ever taken prescription opioids because a doctor told them to use the
medication. Respondents were informed that prescription opioids are prescribed by doctors
and that drug stores and are not supposed to sell them without a prescription. Respondents
were provided a list of several examples of prescription opioids (e.g., codeine, methadone).
The response options included: (1) No; (2) Yes, but I had already tried them on my own; and
(3) Yes, and it was the first time | took any.

Nonmedical use of prescription opioids at baseline (age 18) was based on two separate
questions measuring lifetime and past-year NMUPO (i.e., “taken any narcotics other than
heroin on your own—that is, without a doctor telling you to take them?”). Respondents were
also provided a list of several examples of prescription opioids. The response scales for these
two questions ranged from (1) No occasions to (7) 40 or more occasions. Respondents who
reported past-year NMUPO were asked to indicate the specific prescription opioids they
used in the pastyear without a doctor’s orders. For purposes of the present study, these
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prescription opioids were categorized into Controlled Substances Act Schedule 11 (e.g.,
methadone, Demerol, morphine, opium, laudanum) and Schedule 11, 1V, and V (e.g.,
codeine, talwin, paregoric, other).

Based on the medical and nonmedical use questions, a variable with five mutually exclusive
categories of lifetime use of prescription opioids at baseline (age 18) was developed: (1) No
medical or nonmedical use; (2) Medical use only; (3) Medical before nonmedical use; (4)
Nonmedical before medical use; and (5) Nonmedical use only.

Co-ingestion of NMUPO and other drugs at baseline (age 18) was measured with 10
separate items focused on whether prescription opioids were nonmedically used at the same
time as other drugs so that the effects overlapped for the following drugs: Alcohol,
marijuana, LSD, hallucinogens other than LSD, amphetamines, sedatives, barbiturates,
tranquilizers, cocaine, and heroin. The response scale for each item ranged from (1) Not at
all to (5) Every time. A binary variable was constructed based on the 10-items to determine
whether any simultaneous co-ingestion of prescription opioids and other drugs occurred in
the past-year at baseline: (1) Any past-year simultaneous co-ingestion of prescription
opioids and other drugs, and (2) No past-year simultaneous co-ingestion of prescription
opioids and other drugs.

Motives for NMUPO at baseline (age 18) were assessed by asking respondents who reported
NMUPO to indicate the most important reasons for NMUPO (mark all that apply). The list
of matives included, but were not limited to, the following: (1) To experiment; (2) To feel
good or get high; (3) To have a good time with my friends; (4) To increase the effects of
some other drugs; and (5) To relieve physical pain.

Substance use disorder (SUD) symptoms at age 35 were measured with several questions
based on the DSM criteria for AUD, CUD, and ODUD. Although these measures of SUD
symptoms do not yield a clinical diagnosis, the items we used are consistent with the way
SUD has been measured in other large-scale surveys (Harford and Muthén, 2001; Muthén,
1996; Nelson et al., 1998) and reflects DSM-1V and DSM-5 AUD and CUD symptoms
(Merline et al., 2008; Patrick et al., 2011; Schulenberg et al., 2016). Respondents were asked
to report SUD symptoms over the past five years related to AUD, CUD, and ODUD. Fifteen
items were used to develop eight of the eleven DSM-5 criteria that were consistent with
AUD, CUD, and ODUD: (1) Substance use resulting in a failure to fulfill major role
obligations; (2) Continued substance use when physically hazardous; (3) Continued
substance use despite persistent or recurrent interpersonal or social problems; (4) Tolerance;
(5) Withdrawal; (6) Persistent desire or unsuccessful efforts to cut down substance use; (7)
Health-related issue due to substance use; and (8) Craving. The criteria were summed to
obtain an overall number of criterion endorsed. We followed recommended practice that any
use disorder (including mild, moderate, or severe) was indicated by meeting two or more of
the criteria resulting in estimates closely resembling other national estimates for similar age
groups (American Psychiatric Association, 2013; Compton et al., 2007; Grant et al., 2015,
2016; Hasin et al., 2007, 2016).
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2.3. Data analysis

The analyses included both descriptive statistics and multivariable logistic regression to
examine SUD symptoms at age 35 as a function of characteristics associated with NMUPO
in adolescence. Descriptive analyses are presented concerning the prevalence of two or more
SUD symptoms at age 35 based on eight DSM-5 criteria for AUD, CUD, ODUD, and any
SUD as a function of adolescent NMUPO characteristics. Multivariable logistic regression
analyses provided adjusted odds ratios (AOR) and 95% confidence intervals (Cl) for two or
more SUD symptoms at age 35 as a function of characteristics associated with NMUPO
during adolescence, controlling for respondent’s sex, race/ethnicity, U.S. Census geographic
location, urbanicity based on metropolitan statistical area, parental education, annual alcohol
use, annual marijuana use, annual other drug use, and baseline cohort year. All the
respondents were included in the analyses when possible. Sample sizes varied across
analyses due to responses with missing items. All analyses were conducted using STATA
13.1 (Stata Corp, College Station, Texas) and were weighted to adjust for differential
attrition at age 35 (see Schulenberg et al., 2016 for more details regarding attrition weights).

3.0 Results

3.1. Unadjusted associations with future substance use disorder symptoms at age 35

The prevalence of two or more SUD symptoms (i.e., AUD, CUD, ODUD, and any SUD
symptoms) at age 35 as a function of NMUPO motives, co-ingestion, prescription opioid
schedule and count during adolescence (age 18) were examined (see Table 2). Adolescents
who reported NMUPO for pain relief and those who reported NMUPO for only non-pain
relief motives had the highest prevalence rates of AUD, CUD, ODUD, and any SUD
symptoms at age 35. Nearly half of adolescents who reported NMUPO for pain relief and
adolescents who reported NMUPO for only non-pain relief motives reported two or more
SUD symptoms at age 35 (48.0% and 52.6%, respectively).

Among adolescents who engaged in past-year NMUPO, approximately 95% also used other
substances and the majority simultaneously co-ingested prescription opioids with other
substances (55.2%). Adolescents who reported simultaneous co-ingested NMUPO and at
least one other substance had the highest prevalence rates of SUD symptoms at age 35 (see
Table 2). For instance, most adolescents who engaged in simultaneous co-ingestion of
NMUPO with other substances reported any SUD symptoms at age 35 (52.0%).

Adolescents who reported any past-year NMUPO involving a Schedule 11 prescription
opioid had the highest prevalence rates of AUD, CUD, ODUD, and any SUD symptoms at
age 35. The results also show that any past-year NMUPO involving two or more prescription
opioids had the highest prevalence rates of AUD, CUD, ODUD, and any SUD symptoms at
age 35.

Table 3 shows the unadjusted prevalence of SUD symptoms at age 35 as a function of
lifetime NMUPO frequency during adolescence. The majority of adolescents who engaged
in occasional (3-9 times) NMUPO (52.4%) or frequent (10 or more times) NMUPO (52.3%)
reported SUD symptoms at age 35.
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Adolescents who reported the medical use of prescription opioids after initiating NMUPO or
who reported only NMUPO had the highest prevalence rates of SUD symptoms at age 35
(see Table 3). Approximately one-half of adolescents who reported the medical use of
prescription opioids after initiating NMUPO (49.5%) or only NMUPO (53.3%) during
adolescence had SUD symptoms at age 35.

3.2. Adjusted associations with future substance use disorder symptoms

We conducted multivariable logistic regressions to more rigorously consider these
associations within adjusted models. Adolescents who indicated NMUPO for pain relief or
non-pain relief motives had significantly greater odds of developing AUD, CUD, OUD, and
any SUD symptoms at age 35 than adolescents who had no history of NMUPO (see Table
4).

We found that adolescents who engaged in simultaneous co-ingestion of NMUPO and other
drugs had significantly greater odds of AUD, CUD, ODUD and any SUD symptoms at age
35 relative to those who had no history of NMUPO during adolescence (see Table 4). In
addition, adolescents who reported past-year NMUPO without simultaneous co-ingestion
with other drugs had greater odds of reporting subsequent CUD and ODUD symptoms at
age 35 relative to those who had no history of NMUPO during adolescence.

Adolescents who engaged in past-year NMUPO involving Schedule 11 opioids had the
highest odds of AUD, ODUD, and any SUD symptoms at age 35 compared to adolescents
not engaged in past-year NMUPQ. Additionally, adolescents who engaged in past-year
NMUPOQ involving two or more prescription opioids had the highest the odds of AUD,
CUD, ODUD, and any SUD symptoms at age 35 relative to adolescents not engaged in past-
year NMUPO.

Adolescents who reported occasional or frequent NMUPO had significantly higher odds
than adolescents with no history of NMUPO of indicating two or more AUD, CUD, ODUD
and any SUD symptoms at age 35 (see Table 5). In addition, adolescents who reported
experimental NMUPO had significantly higher odds than adolescents with no history of
NMUPO of indicating two or more ODUD symptoms at age 35.

Adolescents who indicated medical use without a history of NMUPO did not differ from
adolescents with no history of medical use of prescription opioids or NMUPO in the odds of
AUD, CUD, ODUD, and any SUD symptoms (see Table 5). In contrast, adolescents who
indicated only NMUPO or medical use of prescription opioids after initiating NMUPO (but
not before), had significantly higher odds of AUD, CUD, ODUD, and any SUD symptoms at
age 35 relative to adolescents who had no history of medical use of prescription opioids or
NMUPO.

Additional logistic regression analyses were conducted and we found that adolescents who
reported the medical use of prescription opioids after initiating NMUPO had significantly
higher odds of CUD symptoms (AOR = 4.06; 95% CI = 1.72, 9.58; p< 0.001), ODUD
symptoms (AOR = 4.75; 95% CI = 2.02, 11.2; p< 0.001), and any SUD symptoms (AOR =
1.98; 95% CI = 1.11, 3.53; p< 0.05) at age 35, relative to adolescents who reported the
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medical use of prescription opioids before initiating NMUPO. Additional analyses also
showed that adolescents who reported only NMUPO or medical use after NMUPO had
significantly higher odds of AUD, CUD, ODUD, and any SUD symptoms at age 35, relative
to those with only medical use of prescription opioids during adolescence. Finally, we
examined all the above-mentioned analyses separately by sex and found highly consistent
results for adolescent males and females (results not shown).

Additional analyses were conducted to assess whether interaction effects between the main
independent variables (e.g., NMUPO motives, co-ingestion, and frequency) and cohort years
(i.e., 1976-1980; 1981-1985; 1986-1990; 1991-1996) were associated with AUD, CUD,
ODUD, and any SUD symptoms. In general, no consistent interaction effects were found
with respect to cohort years. Additionally, we ran interaction effects between prescription
opioid use at age 18 and several demographics (i.e., sex, race, and cohort year) to assess how
these interaction effects were associated with AUD, CUD, ODUD, and any SUD. None of
these interaction effects reached statistical significance.

4.0 Discussion

This is the first prospective national study in the U.S. to identify a distinct sequence of
initiation of medical use of prescription opioids and NMUPO (i.e., medical use after
initiating NMUPO) during adolescence that was associated with increased risk for future
SUD symptoms at age 35. Nearly one in every two adolescents who reported the medical
use of prescription opioids after initiating NMUPO had two or more SUD symptoms at age
35. These results indicate substantial risk for developing SUD among adolescents who have
already initiated NMUPO and reinforce the critical role of screening when prescribing
opioid analgesics to adolescents. Screening for a history of NMUPO should be conducted in
a non-judgmental manner to detect high-risk adolescents for indicated interventions to
reduce prescription opioid misuse and SUDs.

The present study is the first prospective national investigation to identify adolescent
characteristics associated with NMUPO (i.e., frequency, misuse potential, motives, and
coingestion) that is significantly associated with future SUD symptoms in adulthood. While
past research has clearly established an increased risk of substance use behaviors and SUDs
among adolescents and young adults who engage in NMUPO based on cross-sectional and
longitudinal findings (Boyd et al., 2009; Han et al., 2015; McCabe et al., 2007a, 2009, 2013,
2016; Muhuri et al., 2013; Saha et al., 2016), the present study adds to the existing
knowledge by showing that occasional or frequent NMUPO, pain relief and non-pain relief
motives, simultaneous co-ingestion, opioids with high misuse potential (e.g., Schedule I1),
and multiple prescription opioids during adolescence significantly predict subsequent SUD
symptoms nearly two decades later at age 35. This new information indicates youth
substance use assessment instruments may consider including these NMUPO characteristics
to help detect high-risk adolescents.

4.1. Findings

The present study found that 95% of past-year NMUPO involved concurrent or simultaneous
polysubstance use, and the majority of NMUPO involved simultaneous co-ingestion of
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prescription opioids and other substances. The findings indicated that simultaneous co-
ingestion involving NMUPO and other substances during adolescence is highly prevalent
and a strong signal for future SUD symptoms in adulthood. Furthermore, adolescents
engaged in NMUPO are more likely to develop AUD symptoms than other SUD symptoms
at age 35 (even after controlling for baseline alcohol and other drug use). Taken together,
these findings indicate the importance of health professionals viewing NMUPO within a
wide range of substance use to account for the high rates of polysubstance use associated
with NMUPO among adolescents and young adults shown in the present study and prior
work (Catalano et al., 2011; McCabe et al., 2006, 2012).

A substantial proportion of adolescents who engaged in NMUPO were motivated by
physical pain relief consistent with prior studies (Boyd et al., 2006; McCabe et al., 2007b;
Young et al., 2012b). The present study found that nearly half of adolescents who reported
NMUPOQ for physical pain relief had two or more SUD symptoms at age 35. Furthermore,
the majority of adolescents who reported occasional NMUPO (i.e., 3-9 occasions) had two
or more SUD symptoms at age 35. Thus, it is important for health professionals to recognize
the increased risk for developing SUD symptoms associated with NMUPO for self-treating
pain and infrequent NMUPO. These findings suggest screening and brief interventions
should incorporate frequency and motives for NMUPO to help identify youth who engage in
NMUPO and may require more comprehensive pain management and SUD assessments.

4.2. Strengths

Strengths of this study include the following. First, this study includes multiple cohorts of
nationally representative samples of high school seniors in the U.S with consistent
measurement and methodology over time. Second, the high school seniors were followed
longitudinally over 17 years, enabling the prospective association between adolescent
NMUPO and subsequent SUDs. To date, most national studies have been cross-sectional and
have not examined distinct characteristics of NMUPO and temporal patterns of medical use
and NMUPO during adolescence or followed adolescents into adulthood.

4.3. Limitations

This study also has the limitations associated with prospective survey research using self-
administered surveys. All measures were subject to the potential response bias introduced
when assessing sensitive behaviors via self-report surveys administered in a school setting.
The MTF study attempted to minimize these biases by informing potential respondents that
participation was voluntary and assuring potential respondents that data would remain
confidential (Harrison and Hughes, 1997; O’Malley et al., 1983). In addition, the study does
not include some variables at baseline that are likely related to adult SUD symptoms (e.g.,
family history of SUD). Finally, findings from U.S. secondary school students do not
necessarily apply to the general U.S. population or other countries but require replication
with different subpopulations in the U.S. and further investigation in other countries.

In conclusion, the findings of the present study fill important knowledge gaps regarding
long-term associations between adolescent exposure to prescription opioids and subsequent
SUDs in adulthood. We identified several characteristics associated with NMUPO that
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should be carefully assessed to detect high-risk individuals for future adult SUDs. This
finding leads us to conclude that health professionals who prescribe opioids to adolescents
should carefully screen all patients for prior or present NMUPO or other substance misuses
to detect those at risk for SUDs. Clinicians should educate patients, particularly parents/
guardians of adolescents, about proper opioid analgesic monitoring, safe storage, and
innovative disposal options to limit the amount of leftover opioid medication via controlled
medication contracts. Given the risk for substance-related problems associated with even
occasional opioid misuse by adolescents, such proactive efforts are warranted. Finally,
prescribers who detect adolescent patients with a history of NMUPO should consider
referring these youths for more comprehensive substance use assessment.

From a public policy perspective, healthcare assessment and interventions need to be
tailored to at-risk populations as opposed to blanket statements and policies around drug
classes such as opioids that may have unintended consequences. Use of clinical decision
support systems, through electronic health records, could promote more precise and
judicious opioid prescribing, ultimately promoting value-based care. Accordingly,
policymakers need to continue to promote measures to adequately treat pain while limiting
the amount of leftover opioid medications by encouraging appropriate education,
prescribing, monitoring and disposal of opioid medications.

Acknowledgements

The development of this manuscript was supported by research grants R0O1DA001411, RO1DA016575,
R01DA031160, R0O1DA036541 and R01DA043691 from the National Institute on Drug Abuse, National Institutes
of Health. The National Institute on Drug Abuse, National Institutes of Health had no role in the study design,
collection, analysis, or interpretation of the data, writing of the manuscript, or the decision to submit the paper for
publication. The content is solely the responsibility of the authors and does not necessarily represent the official
views of the National Institute on Drug Abuse or the National Institutes of Health. The Monitoring the Future data
were collected under research grants R0O1DA001411 and RO1DA016575, and the work of the sixth author on this
manuscript was supported by these grants. For the first, second and third authors, work on this manuscript was
supported by research grants RO1DA031160 and RO1DA036541. For the first and fourth authors, work on this
manuscript was supported by research grant R0O1DA043691. The authors would like to thank the respondents,
school personnel and research staff for their participation in the study. The authors would also like to thank the
anonymous reviewers for their suggestions to an earlier version of the manuscript and Ms. Kara Dickinson for her
editorial assistance with this manuscript.

References

American Psychiatric Association, 2013 Diagnostic and Statistical Manual of Mental Disorders, fifth
ed. American Psychiatric Publishing, Arlington, VA.

Atluri S, Sudarshan G, Manchikanti L, 2014 Assessment of the trends in medical use and misuse of
opioid analgesics from 2004 to 2011. Pain Physician 17, E119-E128. [PubMed: 24658483]

Bachman JG, Johnston LD, O’Malley PM, Schulenberg JE, Miech RA, 2015 The Monitoring the
Future Project after Four Decades: Design and Procedures, Monitoring the Future Occasional Paper
No. 82. University of Michigan Institute for Social Research, Ann Arbor, Ml http://
monitoringthefuture.org/pubs/occpapers/mtf-occ82.pdf

Bohnert AS, Valenstein M, Bair MJ, Ganoczy D, McCarthy JF, lilgen MA, Blow FC, 2011 Association
between opioid prescribing patterns and opioid overdose-related deaths. JAMA 305, 1315-1321.
[PubMed: 21467284]

Bohnert ASB, Buy GP, Losby JL, 2018 Opioid prescribing in the United States before and after the
Centers for Disease Control and Prevention’s 2016 opioid guideline. Ann. Intern. Med 169, 367—
375. [PubMed: 30167651]

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.


http://monitoringthefuture.org/pubs/occpapers/mtf-occ82.pdf
http://monitoringthefuture.org/pubs/occpapers/mtf-occ82.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCabe et al.

Page 11

Boyd CJ, McCabe SE, Cranford JA, Young A, 2006 Adolescents’ motivations to abuse prescription
medications. Pediatrics 118, 2472-2480. [PubMed: 17142533]

Boyd CJ, Teter CJ, West BT, Morales M, McCabe SE, 2009 Non-medical use of prescription
analgesics: A three-year national longitudinal study. J. Addict. Dis 28, 232-242. [PubMed:
20155592]

Catalano RF, White HR, Fleming CB, Haggerty KP, 2011 Is nonmedical prescription opiate use a
unique form of illicit drug use? Addict. Behav 36, 79-86. [PubMed: 20864261]

Centers for Disease Control and Prevention (CDC), 2012 CDC grand rounds: prescription drug
overdoses - a U.S. epidemic. MMWR Morb. Mortal. Wkly. Rep 61, 10-13. [PubMed: 22237030]

Compton WM, Volkow ND, 2006a Major increases in opioid analgesic abuse in the United States:
concerns and strategies. Drug Alcohol Depend 81, 103-107. [PubMed: 16023304]

Compton WM, Volkow ND, 2006b Abuse of prescription drugs and the risk of addiction. Drug
Alcohol Depend 83, S4-7. [PubMed: 16563663]

Compton WM, Thomas YF, Stinson FS, Grant BF, 2007 Prevalence, correlates, disability, and
comorbidity of DSM-1V drug abuse and dependence in the United States: results from the national
epidemiologic survey on alcohol and related conditions. Arch. Gen. Psychiatry 64, 566-576.
[PubMed: 17485608]

Crane EH, 2015 The CBHSQ Report: Emergency Department Visits Involving Narcotic Pain Relievers
Substance Abuse and Mental Health Services Administration, Center for Behavioral Health
Statistics and Quality, Rockville, MD https://www.samhsa.gov/data/report/emergency-department-
visits-involving-narcoticpain-relievers

Dart RC, Surratt HL, Cicero TJ, Parrino MW, Severtson SG, Bucher-Bartelson B, Green JL, 2015
Trends in opioid analgesic abuse and mortality in the United States. N. Engl. J. Med 372, 241-248.
[PubMed: 25587948]

Edlund MJ, Forman-Hoffman VL, Winder CR, Heller DC, Kroutil LA, Lipari RN, Colpe LJ, 2015
Opioid abuse and depression in adolescents: Results from the National Survey on Drug Use and
Health. Drug Alcohol Depend 152, 131-138. [PubMed: 25981310]

Fortuna RJ, Robbins BW, Caiola E, Joynt M, Halterman JS, 2010 Prescribing of controlled
medications to adolescents and young adults in the United States. Pediatrics 126, 1108-1116.
[PubMed: 21115581]

Gilson AM, Ryan KM, Joranson DE, Dahl JL, 2004 A reassessment of trends in the medical use and
abuse of opioid analgesics and implications for diversion control: 19972002. J. Pain Symptom
Manage 28, 176-188. [PubMed: 15276196]

Grant BF, Goldstein RB, Saha TD, Chou P, Jung J, Zhang H, Pickering RP, Ruan J, Smith SM, Huang
B, Hasin DS, 2015 Epidemiology of DSM-5 alcohol use disorder: results from the National
Epidemiologic Survey on Alcohol and Related Conditions I11. JAMA Psychiatry 72, 757-766.
[PubMed: 26039070]

Grant BF, Saha TD, Ruan WJ, Goldstein RB, Chou SP, Jung J, Zhang H, Smith SM, Pickering RP,
Huang B, Hasin DS, 2016 Epidemiology of DSM-5 drug usedisorder: results from the National
Epidemiologic Survey on Alcohol and Related Conditions-111. JAMA Psychiatry 73, 39-47.
[PubMed: 26580136]

Han B, Compton WM, Jones CM, Cai R, 2015 Nonmedical prescription opioid use and use disorders
among adults aged 18 through 64 in the United States, 2003-2013. JAMA 314, 1468-1478.
[PubMed: 26461997]

Harbaugh CM, Lee JS, Hu HM, McCabe SE, Voepel-Lewis T, Englesbe MJ, Brummett CM, Waljee JF,
2018 Persistent opioid use among pediatric patients after surgery. Pediatrics 141, e20172439.
[PubMed: 29203521]

Harford TC, Muthén BO, 2001 The dimensionality of alcohol abuse and dependence: A multivariate
analysis of DSM-IV symptom items in the National Longitudinal Survey of Youth. J. Stud.
Alcohol 62, 150-157. [PubMed: 11327181]

Harrison L, Hughes A, 1997 Introduction--the validity of self-reported drug use: Improving the
accuracy of survey estimates. NIDA Res. Monogr 167, 1-16.

Hasin DS, Stinson FS, Ogburn E, Grant BF, 2007 Prevalence, correlates, disability, and comorbidity of
DSM-1V alcohol abuse and dependence in the United States: Results from the National

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.


https://www.samhsa.gov/data/report/emergency-department-visits-involving-narcoticpain-relievers
https://www.samhsa.gov/data/report/emergency-department-visits-involving-narcoticpain-relievers

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCabe et al.

Page 12

Epidemiologic Survey on Alcohol and Related Conditions. Arch. Gen. Psychiatry 64, 830-842.
[PubMed: 17606817]

Hasin DS, Kerridge BT, Saha TD, Huang B, Pickering R, Smith SM, Jung J, Zhang H, Grant BF, 2016
Prevalence and correlates of DSM-5 cannabis use disorder, 20122013: Findings from the National
Epidemiologic Survey on Alcohol and Related Conditions-I11. Am. J. Psychiatry 173, 588-599.
[PubMed: 26940807]

Hastie BA, Gilson AM, Maurer MA, Cleary JF, 2014 An examination of global and regional opioid
consumption trends 1980-2011. J. Pain Palliat. Care Pharmacother 28, 259-275. [PubMed:
25136898]

Joranson DE, Ryan KM, Gilson AM, Dahl JL, 2000 Trends in medical use and abuse of opioid
analgesics. JAMA 283, 1710-1714. [PubMed: 10755497]

Peacock A, Leung J, Larney S, Colledge S, Hickman M, Rehm J, Giovino GA, West R, Hall W,
Griffiths P, Ali R, Gowing L, Marsden J, Ferrari AJ, Grebely J, Farrell M, Degenhardt L, 2018
Global statistics on alcohol, tobacco and illicit drug use: 2017 status report. Addiction 113, 1905-
1926. [PubMed: 29749059]

Manchikanti L, Fellows B, Ailinani H, Pampati V, 2010 Therapeutic use, abuse, and nonmedical use of
opioids: A ten-year perspective. Pain Physician 13, 401-435. [PubMed: 20859312]

McCabe SE, Cranford JA, Morales M, Young A, 2006 Simultaneous and concurrent polydrug use of
alcohol and prescription drugs: prevalence, correlates, and consequences. J. Stud. Alcohol 67,
529-537. [PubMed: 16736072]

McCabe SE, Boyd CJ, Young A, 2007a Medical and nonmedical use of prescription drugs among
secondary school students. J. Adolesc. Health 40, 76-83. [PubMed: 17185209]

McCabe SE, Cranford JA, Boyd CJ, Teter CJ, 2007b Motives, diversion and routes of administration
associated with nonmedical use of prescription opioids. Addict. Behav 32, 562-575. [PubMed:
16843611]

McCabe SE, Boyd CJ, Teter CJ, 2009 Subtypes of nonmedical prescription drug misuse. Drug Alcohol
Depend 102, 63-70. [PubMed: 19278795]

McCabe SE, West BT, Boyd CJ, 2013 Medical use, medical misuse, and nonmedical use of
prescription opioids: Results from a longitudinal study. Pain 154, 708-713. [PubMed: 23433943]

McCabe SE, West BT, Teter CJ, Boyd CJ, 2012 Co-ingestion of prescription opioids and other drugs
among high school seniors: Results from a national study. Drug Alcohol Depend 126, 65-70.
[PubMed: 22609061]

McCabe SE, Veliz P, Schulenberg JE, 2016 Adolescent context of exposure to prescription opioids and
substance use disorder symptoms at age 35: A national longitudinal study. Pain 157, 2173-2178.
[PubMed: 27227693]

McCabe SE, West BT, Veliz P, McCabe VV, Stoddard SA, Boyd CJ, 2017 Trends in medical and
nonmedical use of prescription opioids among US adolescents: 1975-2015. Pediatrics 139,
pii:e20162387. [PubMed: 28320868]

Merline A, Jager J, Schulenberg J, 2008 Adolescent risk factors for adult alcohol use and abuse:
Stability and change of predictive value across early and middle adulthood. Addiction 103, 84-99.
[PubMed: 18426542]

Miech R, Johnston L, O’Malley PM, Keyes KM, Heard K, 2015 Prescription opioids in adolescence
and future opioid misuse. Pediatrics 136, e1169-1177. [PubMed: 26504126]

Miech RA, Johnston LD, O’Malley PM, Bachman JG, Schulenberg JE, Patrick ME, 2018 Monitoring
the Future National Survey Results on Drug Use, 1975-2017. Volume I: Secondary School
Students University of Michigan Institute for Social Research, Ann Arbor, MI http://
monitoringthefuture.org/pubs/monographs/mtf-voll 2017.pdf

Muhuri PK, Gfroerer JC, Davie C, 2013 Associations of nonmedical pain reliever use and initiation of
heroin use in the United States. CBHSQ Data Review Substance Abuse and Mental Health
Services Administration, Rockville, MD https://www.samhsa.gov/data/sites/default/files/DR006/
DRO006/nonmedical-pain-relieveruse-2013.htm

Muthén BO, 1996 Psychometric evaluation of diagnostic criteria: Application to a twodimensional
model of alcohol abuse and dependence. Drug Alcohol Depend 41, 101-112. [PubMed: 8809498]

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.


http://monitoringthefuture.org/pubs/monographs/mtf-vol1_2017.pdf
http://monitoringthefuture.org/pubs/monographs/mtf-vol1_2017.pdf
https://www.samhsa.gov/data/sites/default/files/DR006/DR006/nonmedical-pain-relieveruse-2013.htm
https://www.samhsa.gov/data/sites/default/files/DR006/DR006/nonmedical-pain-relieveruse-2013.htm

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McCabe et al.

Page 13

Nargiso JE, Ballard EL, Skeer MR, 2015 A systematic review of risk and protective factors associated
with nonmedical use of prescription drugs among youth in the United States: A social ecological
perspective. J. Stud. Alcohol Drugs 76, 5-20. [PubMed: 25486389]

Nelson CB, Heath AC, Kessler RC, 1998 Temporal progression of alcohol dependence symptoms in
the U.S. household population: Results from the National Comorbidity Survey. J. Consult. Clin.
Psychol 66, 474-483. [PubMed: 9642885]

Novak S, Nemeth WC, Lawson KA, 2004 Trends in medical use and abuse of sustainedrelease opioid
analgesics: A revisit. Pain Med 5, 59-65. [PubMed: 14996238]

O’Malley PM, Bachman JG, Johnston LD, 1983 Reliability and consistency in self-reports of drug use.
Int. J. Addict 18, 805-824. [PubMed: 6605313]

Patrick ME, Schulenberg JE, O’Malley PM, Johnston LD, Bachman JG, 2011 Adolescents’ reported
reasons for alcohol and marijuana use as predictors of substance use and problems in adulthood. J.
Stud. Alcohol Drugs 72, 106-116. [PubMed: 21138717]

Saha TD, Kerridge BT, Goldstein RB, Chou SP, Zhang H, Jung J, Pickering RP, Ruan WJ, Smith SM,
Huang B, Hasin DS, Grant BF, 2016 Nonmedical prescription opioid use and DSM-5 nonmedical
prescription opioid use disorder in the United States. J. Clin. Psychiatry 77, 772-780. [PubMed:
27337416]

Sandvik R, Selbaek G, Kirkvold O, Aarsland D, Husebo BS, 2016 Analgesic prescribing patterns in
Norwegian nursing homes from 2000 to 2011: Trend analyses of four data samples. Age Ageing
45, 54-60. [PubMed: 26764395]

Schulenberg JE, Patrick ME, Kloska DD, Maslowsky J, Maggs JL, O’Malley PM, 2016 Substance use
disorder in early midlife: A national prospective study on health and well-being correlates and
long-term predictors. Subst. Abuse 9, 41-57. [PubMed: 27257384]

Schulenberg JE, Johnston LD, O’Malley PM, Bachman JG, Miech RA, Patrick ME, 2018 Monitoring
the Future National Survey Results on Drug Use, 1975-2017: Volume I1, College Students and
Adults Ages 19-55 Ann Arbor: University of Michigan Institute for Social Research, Ann Arbor,
MI http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2017.pdf

Substance Abuse and Mental Health Services Administration, 2013 Drug Abuse Warning Network,
2011: National Estimates of Drug-Related Emergency Department Visits. HHS Publication No.
(SMA) 13-4760, DAWN Series D-39 Substance Abuse and Mental Health Services
Administration, Rockville, MD https://www.samhsa.gov/data/sites/default/files/ DAWN2k11ED/
DAWN2k11ED/DAWN2k11ED.pdf

Wagemaakers FN, Hollingworth SA, Kreijkamp-Kaspers S, Tee EHL, Leendertse AJ, van Driel ML,
2017 Opioid analgesic use in Australia and the Netherlands: A crosscountry comparison. Int. J.
Clin. Pharm 39, 874-880. [PubMed: 28608330]

Weisberg DF, Becker WC, Fiellin DA, Stannard C, 2014 Prescription opioid misuse in the United
States and the United Kingdom: cautionary lessons. Int. J. Drug Policy 25, 1124-1130. [PubMed:
25190034]

Young AM, Glover N, Havens JR, 2012a Nonmedical use of prescription medications among
adolescents in the United States: A systematic review. J. Adolesc. Health 51, 6-17. [PubMed:
22727071]

Young A, McCabe SE, Cranford JA, Ross-Durow P, Boyd CJ, 2012b Nonmedical use of prescription
opioids among adolescents: subtypes based on motivation for use. J. Addict. Dis 31, 332-341.
[PubMed: 23244552]

Zacny J, Bigelow G, Compton P, Foley K, Iguchi M, Sannerud C, 2003 College on Problems of Drug
Dependence taskforce on prescription opioid non-medical use and abuse: position statement. Drug
Alcohol Depend 69, 215-232. [PubMed: 12633908]

Drug Alcohol Depend. Author manuscript; available in PMC 2020 January 01.


http://www.monitoringthefuture.org/pubs/monographs/mtf-vol2_2017.pdf
https://www.samhsa.gov/data/sites/default/files/DAWN2k11ED/DAWN2k11ED/DAWN2k11ED.pdf
https://www.samhsa.gov/data/sites/default/files/DAWN2k11ED/DAWN2k11ED/DAWN2k11ED.pdf

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

McCabe et al.

Page 14
Highlights
. Adolescents’ proper medical prescription opioid use was not related to later
SUD.
. Adolescents’ nonmedical use of prescription opioids (NMUPO) is
heterogeneous.

. Medical prescription opioid use after NMUPO places youth at high-risk for

later SUD.

. NMUPO motivated by pain relief during adolescence predicted later SUD at
age 35.

. NMUPOQ characteristics can be used to screen high-risk adolescents for

interventions.
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Table 1.

Descriptive statistics for the longitudinal sample at baseline (age 18)

Baseline characteristics at age 18

Weighted study sample % (n = 8373)

Sex
Male
Female
Race/Ethnicity
White
Black
Hispanic
Other race/ethnicity
Parental Education
At least one parent has a college degree or higher
Neither parent has a college degree
Region
Northeast
Midwest
South
West
Urbanicity
Large metropolitan statistical area
Other metropolitan statistical area
Non-metropolitan statistical area
12th Grade Cohort Year
1976-1980
1981-1985
1986-1990
1991-1996

47.1
52.9

735
11.9
6.4
8.1

40.0
60.0

213
27.3
33.9
175

23.4
46.4
30.2

23.0
24.2
25.0
27.8

Note: Prevalence estimates based on weighted data.
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Table 4

Adjusted odds of substance use disorder (SUD) symptoms in early midlife (age 35) as a function of past-year
motives, co-ingestion, and specific opioids associated with nonmedical use of prescription opioids (NMUPQO)
during adolescence.

Baseline characteristics (modal age ~ Alcohol use disorder ~ Cannabis use Other drug use Any substance use

1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

18) (AUD) symptoms at disorder (CUD) disorder (ODUD) disorder (SUD)
age 35 (2+ symptoms at age 35 symptoms at age 35 symptoms at age 35
symptoms) AOR (2+ symptoms) AOR (2+ symptoms) AOR (2+ symptoms) AOR
(95% c1)? (95% C1)? (95% c1)? (95% C1)?
Past-year NMUPO motives Reference Reference Reference Reference

No past-year nonmedical use
(n=7574)

Pain relief (n=109)

Non-pain relief (n=126)

Past-year NMUPO and co-ingestion

No past-year nonmedical use
(n=7574)

No simultaneous co-ingestion
(n=110)

Co-ingestion with other drugs
(n=136)

Past-year NMUPO by drug
c
schedules

No past-year nonmedical use
(n=7598)
Schedule 111, 1V, or other only

(n=102)
Any Schedule Il (n=148)
Past-year nonmedical opioid count

No past-year nonmedical use
(n=7598)
One opioid (n=118)

Two or more opioids (n=131)

Ak
2.27 (1.41, 3.66)

*
1.61 (1.02, 2.52)

(n=7501)?

Reference

1.30 (0.742, 2.29)

Hk
1.78 (1.24, 2.55)

(n=7603)°

Reference

1.64 (.986, 2.75)

Hk
1.78 (1.21, 2.61)

(n=7633)7

Reference
*
1.56 (1.00, 2.45)
*Kk
1.88(1.23, 2.87)

(n=7633)”

Ak
2.83(1.29, 6.18)

HAk
3.00 (1.81, 4.96)

(n=7732)"

Reference

*
2.43 (1.01,5.85)

A Ak
3.14 (2.02, 4.87)

(n=7743)”

Reference

2.85 (1.19, 6.79)
HAA
3.00 (1.96, 4.59)

(n=7770)?

Reference
Ak
2.96 (1.46, 5.98)
Ak
2.93 (1.86, 4.64)

(n=7770)?

FAA

4.38 (2.04, 9.39)
Ak

6.25 (3.37, 11.5)

(n=7330)”

Reference
*
2.97(1.13,7.80)
Ak
4.50 (2.80, 7.21)

(n=7343)”

Reference

*ok

4.13 (1.69, 10.1)
Ak

6.07 (3.63, 10.2)

(n=7365)"

Reference
*
2.85(1.12,7.25)
Ak

7.96 (4.69, 13.5)

(n=7365)"

* A
2.19 (1.34, 3.58)

KAk
2.54 (1.57, 4.10)

(n=7119)”

Reference

1.43 (0.807, 2.54)
KAk

2.24 (1.54,3.27)

(n=7132)”

Reference

1.81 (1.07,3.09)
HAA
254 (1.69, 3.81)

(n=7158)"

Reference
*
1.80 (1.13, 2.86)
KAk
2.69 (1.74, 4.19)

(n=7158)”

*
p<0.05

ok
p<0.01

*ohoA

< 0.001.

aAII analyses control for race/ethnicity (i.e., White, Black, Hispanic, Other race/ethnicity); sex (i.e., Male, Female); highest level of parental

1duosnuen Joyiny

education (i.e., At least one parent has a college degree or higher, Neither parent has a college degree); geographic region (i.e., Northeast, Midwest,
South, and West); metropolitan statistical area (i.e., Large MSA, Other MSA, Non-MSA); baseline cohort year; and baseline measures of past-year
alcohol use, past-year marijuana use, and past-year other drug use.
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bSampIe sizes vary due to missing data on the outcome measures (i.e., AUD, CUD, ODUD, and any SUD symptoms at age 35).

cControIIed Substances Act Schedule 11 (e.g., methadone, Demerol, morphine, opium, laudanum and Controlled Substances Act Schedule 111, IV
and V (e.g., codeine, talwin, paregoric).
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Table 5

Adjusted odds of nonmedical use of prescription opioids (NMUPQO) and substance use disorder (SUD)
symptoms in early midlife (age 35) as a function of lifetime frequency and medical use history associated with
NMUPO during adolescence.

Baseline characteristics (modal

Alcohol use disorder

Cannabis use

Other drug use

Any substance use

age 18) symptoms at age 35 disorder symptoms at  disorder (ODUD) disorder (SUD)
(2+ symptoms) AOR age 35 (2+ symptoms)  symptoms at age 35 symptoms atage35
(95% Cl)a AOR (95% Cl)a (2+ symp?ms) AOR 2+ symptgms) AOR
(95% ClI) (95% ClI)
Lifetime NMUPO frequency Reference Reference Reference Reference

No lifetime nonmedical use
(n=7249)

Experimental use (1-2times)
(n=376)

Occasional use (3-9 times)
(n=209)

Frequent use (10 or more times)

(n=119)

Lifetime medical use and NMUPO
No medical or nonmedical use
(n=6167)

Medical use only (n=976)

Medical use before nonmedical
use

(n=334)

Medical use after nonmedical use

(n=112)

Nonmedical use only (n=259)

1.17 (0.855, 1.61)

A A
1.98 (1.38, 2.85)

Ak
1.95 (1.18, 3.23)
(n=7733)”
Reference

1.06 (0.852, 1.33)
1.19 (0.834, 1.70)

1.62 (1.02, 2.56) *

Ak
1.95 (1.39, 2.74)

(n=7633)”

1.02 (0.605, 1.74)

A A A
2.67 (1.57, 4.53)

*k
2.27 (1.28, 4.05)
(n=7875)”
Reference

1.11(0.712,1.72)
0.796 (0.463, 1.37)

Ak A
3.24 (1.58, 6.62)

Ak
2.27 (1.4, 3.58)

(n=7770)”

*A
2.08 (1.24, 3.49)

A AA
4.24 (2.38,7.53)

Ak
5.89 (2.93, 11.8)
(n=7472)?
Reference

1.31 (0.758, 2.25)
1.52 (0.777, 2.97)

A AA
7.22 (3.75, 13.9)

A
4.29 (2.57,7.18)

(n=7365)”

1.28 (0.928, 1.77)

A AA
2.45 (1.68, 3.57)

Ak
2.47 (1.46, 4.18)
(n=7272)?
Reference

1.12 (0.895, 1.39)
1.18 (0.821, 1.72)

A AA
2.35 (1.46, 3.77)

HAA
247 (1.74, 3.52)

(n=7158)"

*
p<0.05

Ak
p<0.01

Aok

£<0.001.

aAII analyses control for race/ethnicity (i.e., White, Black, Hispanic, Other race/ethnicity); sex (i.e., Male, Female); highest level of parental
education (i.e., At least one parent has a college degree or higher, Neither parent has a college degree); geographic region (i.e., Northeast, Midwest,
South, and West); metropolitan statistical area (i.e., Large MSA, Other MSA, Non-MSA); baseline cohort year; and baseline measures of past-year

alcohol use, past-year marijuana use, and past-year other drug use.

bSampIe sizes vary due to missing data on the outcome measures (i.e., AUD, CUD, ODUD, and any SUD symptoms at age 35).
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