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ARTICLE INFO ABSTRACT

Keywords: Background: Although rates of nonmedical opioid use are highest in late adolescence and emerging adulthood,
Adolescent efforts to understand the extent of the heterogeneity in opioid misuse during this time have been limited. The
Emer.ging adult current study aimed to derive and define typologies of opioid use in high school students at the onset of emerging
L:trelzil class analysis adulthood.

Opioids Methods: Survey responses from a statewide sample of high school students aged 18 and 19 (N = 26,223) were

analyzed. Group-based comparisons between participants reporting opioid use and those not reporting opioid use
were conducted. Among those reporting opioid use (n = 1,636), we conducted a latent class analysis (LCA) to
identify heterogeneous subgroups of opioid users on the basis of non-medical use of prescription opioids
(NMUPO) and heroin use. The resulting classes were then compared across various risk and protective factors
using multinominal logistic regression.

Results: Consistent differences were observed between participants using opioids and participants not using
opioids, with moderate to large effect sizes. Results from LCA revealed three subclasses: NMUPO-Any Use,
NMUPO To Get High, and Heroin Use. Subclass differences were observed for non-opioid substance use, mental
health, and demographics.

Conclusions: Findings from this study underscore the variability of youth who engage in opioid use in late
adolescence. Results also indicate that opioid use during adolescence is likely indicative of a broader set of
substance use and mental health issues.

Prescription misuse

1. Introduction

The dramatic rise in opioid misuse during the early part of the 21st
century has resulted in an international epidemic (Volkow et al., 2019).
During this time, the United States and many other countries have
experienced prominent increases in opioid-related emergency room
visits, hospitalizations, and deaths (Burke, 2016; Sung et al., 2005;
Unick et al., 2013; Vashishtha et al., 2017). The economic costs of this
epidemic have been estimated to be between $79-$179 billion annually
in the United States alone (Altarum, 2018; Council of Economic Ad-
visers, 2017; Florence et al., 2016). Identifying ways to combat the

current epidemic, as well as prevent its future occurrence, remain a focal
policy issue for federal and state governments.

Efforts to treat, prevent, and educate individuals on opioid-related
issues, however, are far from straightforward (Volkow et al., 2019). In
contrast to monolithic characterizations of “opioid users” that have
dominated the popular press, data from the United States and elsewhere
portrays a complex picture of people who misuse opioids (John & Wu,
2019; McCabe et al., 2019), who vary on a range of factors such as age,
type of opioid ingested, and motive for use (McCabe et al., 2019). Un-
derstanding different types of opioid users is thus necessary to inform
the content of treatment and prevention programs that are developed as
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well as their intended audience(s). Capturing this heterogeneity among
opioid users appears particularly pertinent among youth transitioning to
emerging adulthood, a developmentally distinct period with marked
peaks in prevalence of nonmedical use of opioids (Crane, 2015; Guarino
et al., 2018) and other substances (Schwartz & Petrova, 2019; Smith,
2017).

To date, opioid-related research, practice, and policy has focused on
two main forms of opioid use: non-medical use of prescriptions opioids
(NMUPO) and heroin use (Kolodny et al., 2015). Additional research has
also considered their co-occurrence (Palamar et al., 2016) and potential
transition from NMUPO to heroin (Guarino et al., 2018). As is common
with other substances, people who engage in NMUPO and heroin use
have been found to possess other co-occurring conditions and behaviors,
including worsened mental health (Edlund et al., 2015; Fink et al., 2015;
Wu et al., 2010), poor school adjustment (Schepis et al., 2018), and
elevated rates of other (non-opioid) substance use, including alcohol and
cannabis (Carmona et al., 2020; Osborne et al., 2017).

In addition to these general patterns, a small subset of studies has
investigated heterogeneity in opioid use patterns. Most often, these ef-
forts employed person-centered analytic approaches (e.g., latent class
analysis) that identify discrete typologies, or classes, based on re-
spondents’ similarity on a set of variables (Wu et al., 2010). To date,
however, these analyses have sought to define opioid users on the basis
of other characteristics (particularly use of other substances; Dan-
iulaityte et al., 2019; Fong et al., 2015; Vaughn et al., 2007) as well as
motives for use (Schepis et al., 2020; Votaw et al., 2019). Most of this
work, however, has focused on either adults (Carlson et al., 2014; Green
etal., 2011) or people in treatment for opioid use disorder (Daniulaityte
etal., 2019; Fong et al., 2015), and minimal attention has been given to
understanding variability in actual type of opioid used. Consequently,
less is known about the nature of distinct classes of NMUPO and heroin
use at the transition to emerging adulthood.

In response, the current study aimed to describe heterogeneity in
opioid use in a community sample of more than 20,000 18-19 year old
high school students. The two primary aims of the study were to: (a) to
derive empirically distinct classes, or subgroups, of participants based
on actual opioid use and motives, and (b) to identify behavioral,
contextual, and demographic correlates of class membership. Latent
classes were developed based on patterns detected across three vari-
ables: general use of NMUPO, NMUPO to get high, and heroin use. The
significance of class membership was then examined by comparing
groups on indicators of substance use, mental health, schooling, and
demographic factors. We were also interested in estimating rates of
opioid use and differences between opioid and non-opioid users among
this sample of youth at the transition to emerging adulthood.

2. Method
2.1. Participants

Participants for this study were youth aged 18 and older who
participated in an epidemiological survey conducted in schools
throughout a Midwestern state between January and June in 2018. A
total of 26,223 youth aged 18 and older completed the survey. Nearly all
of the sample was in 12th grade (99%) and 18 years old (96%). The
sample contained a slight majority of boys (51%). Concerning race and
ethnicity, 61% reported being White, 15% reported being Latino/a, 8%
African American, 7% multi-racial, and 6% Asian American. More than
one-third (36%) of the sample was eligible to receive free or reduced
lunch.

2.2. Procedures
All public and private schools in the state were eligible to participate.

School participation was voluntary and free of cost. Schools were
recruited via email, telephone, or community-based organizations. After
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registering, school staff were provided instructions about distributing
parent opt-out forms 30 days in advance and administering the survey.
Surveys were administered during school hours and took approximately
40-45 min to complete. Surveys could be completed using paper/pencil
or online formats and in English or Spanish. A total of 30,354 youth aged
18 or older completed the survey; 4,141 (13.6%) were removed during
data cleaning (e.g., reporting any use of a fake drug validity check
question, completing<40% of the survey), resulting in the final sample
of 26,223 as well as a subsample of 1,636 youth who endorsed using
opioids in the past year to be utilized in the LCA. Youth assent was
included at the beginning of the survey. All protocols for the survey were
approved through the IRB by the sponsoring research university
(#11126) as well as Research Review Board of a large metropolitan
public-school system (#648).

2.3. Measures

2.3.1. Opioid use variables

Three questions were asked with respect to participants’ opioid use.
The first question asked “During the past 12 months, how often have you
used prescription pain medicine without a doctor’s prescription or differently
than how a doctor told you to use it? (Count drugs such as Codeine/”Lean”,
Vicodin, OxyContin, Hydrocodone, and Percocet)”. The second question
asked, “During the past 12 months, how often have you used prescription
painkillers to get high? (e.g., OxyContin, Vicodin, Lortab, etc.)”. Response
options for these items ranged from 1 = Never to 4 = 6 or more times. The
third opioid-related question was “In the past year, on how many occasions
(if any) have you used heroin?”, with response options ranging from 1 =
0 occasions to 6 = 20 or more occasions. Measures were each dichoto-
mized with 0 indicating no use and 1 indicating any use in the past year.
No additional information was collected regarding youths’ frequency or
motives for opioid use (NMUPO or Heroin) as part of the survey.

2.3.2. Other substance use variables

Participants’ past-year use of other substances was assessed with
respect to alcohol, cannabis, and illicit drugs. For alcohol use, partici-
pants were asked “In the past year, on how many occasions (if any) have
you had beer, wine or liquor?”. For cannabis use, participants were asked
“In the past year, on how many occasions (if any) have you used mari-
juana?” Illicit drug use was assessed from four separate questions asking
“In the past year, on how many occasions (if any) have you used: (1) MDMA
(“ecstasy”), (2) LSD or other psychedelics?”, (3) Cocaine or crack?”, and
(4) Meth (methamphetamine)?. Response options for all questions ranged
from 1 = 0 occasions to 6 = 20 or more occasions. For each substance,
measures were dichotomized with 0 indicating no use and 1 indicating
any use in the past year.

2.3.3. Problem atic substance use

Participants’ problematic substance use was assessed using the
CRAFFT screening instrument (Knight et al., 2002). Sample items from
the 6-item instrument included: “During the past 12 months, did you ever
use alcohol or other drugs to relax, feel better about yourself, or fit in?”(1 =
Yes; 0 = No). Items were summed, with higher scores indicating more
problematic use.

2.3.4. Mental health

Two questions were used to gauge mental health from a variation of
the Columbia-Suicide Rating Scale (Posner et al., 2011). The first
question, assessing depressive episode occurrence, asked “During the past
12 months, did you ever feel so sad or hopeless almost every day for two
weeks or more in a row that you stopped doing some usual activities?”. The
second question, assessing suicide ideation, asked “During the past 12
months, did you ever seriously consider attempting suicide?”. Response op-
tions for both items were 1 = Yes, 0 = No.
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2.3.5. School factors

Two measures assessed dimensions of the school environment. The
first measure assessed performance and asked “Putting them all together,
what were your grades like for the last year?” (1 = Mostly A; 8 = Mostly F;
reversed coded). The second measure assessed bullying victimization
and was comprised of four items. A sample question is “During the past
12 months, has another student at school: Bullied you by calling you names?”
.(1 = Yes) and were summed and then dichotomized with 1 indicating
any bullying victimization in the past year.

2.4. Plan of analysis

We began analyses by examining overall percentages of opioid use in
the sample as well as comparing youth reporting opioid use and those
not reporting opioid use in the past year. Effect sizes were calculated
using Cohen’s d; for dichotomous variables, this was calculated by
taking the natural log of the Odds Ratio and dividing by 1.81 (Chinn,
2000).

We then conducted a latent class analysis (LCA) from the subsample
of youth who endorsed using opioids in the past year (n = 1,636) using
Mplus Version 8.3 (Muthén & Muthén, 2017). LCA creates groups based
on the similarity of participants’ patterns of responses to a set of
dichotomous variables. To identify the optimal number of classes, we
examined the Bayesian information criterion (BIC), Lo-Mendell-Rubin
(LMR) likelihood ratio test (Lo et al., 2001), and entropy. When
comparing models, relatively lower BIC scores suggest a better fitting
model. The LMR likelihood ratio test compares the estimated model with
a model having one class less than the estimated model. If the LMR has a
p-value 0f<0.05, the model with one class less is rejected in favor of the
estimated model. A final criterion was entropy, which refers to accuracy
in assigning participants to classes; values range from O to 1. The closer
entropy is to 1, the more likely the participants are to belong to the
classes to which they have been assigned. Optimal models were chosen
based on goodness of fit and parsimony. Missing data were minimal
among for indicators of latent classes (1.5% of cases) and handled via
full information maximum likelihood in Mplus.

After identifying the optimal number of groups from the LCA, we
then examined correlates of class membership, comparing participants
assigned to different classes on factors such as other (i.e., non-opioid)
substance use, mental health, school factors, and demographics. These
analyses were conducted using procedures outlined by Asparouhov and
Muthén (2014) that account for potential classification error, with group
differences compared using multinomial logistic regression. Missing
data for correlate analyses were minimal (2.3%; n = 306) and excluded
listwise for each test.

3. Results
3.1. Descriptive statistics and opioid vs non-opioid use comparisons

From the entire sample of 26,223 youth, 5.6% (n = 1468) reported
past year use of prescription painkillers without a prescription. In
addition, 2.6% (n = 682) reported past year prescription pain medicine
use to get high, and 0.4% (n = 105) reported using heroin in the past
year. Supplemental Table S1 provides frequencies for ordinal response
options.

Table 1 presents analyses comparing youth reporting opioid use and
youth not reporting opioid use in the past year. Given the sample size in
these preliminary analyses, discussion of the results focuses only on
those differences with effect sizes greater than 0.20. Results indicated
moderate to large differences on numerous measures. Specifically, youth
with opioid use in the last year reported greater likelihood of using other
substances (i.e., alcohol [d = 0.86], cannabis [d = 0.98], illicit sub-
stances [d = 0.98]), higher CRAFFT scores (d = 1.40), greater likelihood
of past year depressed mood (d = 0.54), greater suicidal ideation (d =
0.67), lower grades (d = 0.50), as well as greater likelihood of bullying
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victimization at school (d = 0.51). With these general patterns identi-
fied, we then proceeded with our LCA to better understand heteroge-
neity in patterns of opioid use among the youth in the study.

3.2. Latent class analysis

Table 2 displays fit statistics for the LCA. Results indicated that BIC
values decreased until the number of classes reached the 3-class solu-
tion, and then increased with the 4-class solution. LMR statistics indi-
cated that model fit improved with additional classes through a 3-class
solution. Entropy values were above 0.90 for the 3- and 4-class solutions.
A comparison of the models led to selecting the 3-class solution.

Table 3 summarizes the item response probabilities for each class.
Based on item response probabilities, the following labels were applied
to the three latent classes: (1) NMUPO-Any Use (56%), (2) NMUPO-Use
To Get High (40%), and (3) Heroin Use (4%)."! Participants in the
NMUPO-Any Use class all reported prescription painkiller use without a
prescription, yet participants in this class reported neither using pre-
scription painkillers to get high nor heroin use. Concerning the NMUPO-
Use To Get High class, participants in this class all reported prescription
painkiller use to get high; these participants also had a 78% probability
of prescription painkiller use without a prescription and a 5% proba-
bility of heroin use in the past year. Lastly, participants in the Heroin Use
class all reported heroin use within the past year, and participants had
12% and 13% probabilities of past year prescription painkiller use
without a prescription and prescription painkiller use to get high,
respectively.

3.3. Correlates of group membership

With the optimal number of classes identified, we next investigated
correlates of class membership. As noted in the Method section, class
differences were investigated with respect to non-opioid substance use,
mental health, school factors, and demographics. Descriptive statistics
of each class, as well as comparisons on the basis of multinominal lo-
gistic regression results, are summarized in Table 4.

Controlling for mean levels of other correlates and potential classi-
fication error, results indicated that participants in the Heroin Use class
reported lower levels of past year alcohol and cannabis use than par-
ticipants in the NMUPO-Any Use class and NMUPO-Use To Get High. In
contrast, for illicit drugs, the highest levels of use were evident in the
Heroin Use group and lowest levels of use in the NMUPO-Any Use, with
NMUPO-Use To Get High in between these two groups. Participants in the
NMUPO-Use To Get High class also reported higher CRAFFT scores
compared to participants in the NMUPO-Any Use and Heroin Use clas-
ses.” With respect to mental health, no significant group differences
were observed for past year depressive episodes, but participants in the
NMUPO-Use To Get High class were more likely to report considering
suicide in the past year compared to participants in the NMUPO-Any Use
class. No group difference were observed for school factors. With respect
to demographic factors, only biological sex was significant, with the
Heroin Use class containing the highest percentage of males and the
NMUPO-Any Use class having the fewest percentage of males amongst
the three classes.

1 Although the heroin use class was a small percentage of the sample of youth
using opioids, fit statistics strongly indicated the preference of a 3-class solution
relative to a 2-class or 4-solution. Moreover, class profile characteristics were
meaningful and had clear interpretability for understanding group patterns in
opioid use, further informing our decision to select a 3-class solution as optimal.

2 Supplemental Table S2 displays frequency of use of other substances by
opioid use class.
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Table 1
Substance Use Prevalence Rates, Mental Health, School Factors, and Demographics among 18 and Older Students Reporting and Not Reporting Opioid Use (N =
26,223).
Reporting Opioid Use (N = 1,613) Not Reporting Opioid Use (N = 24,610) t-test Effect
Mean / % SD Mean / % SD Statistic p-value Size ?
Substance Use
Past Year Alcohol 85% - 54% - 32.14 <0.001 0.86
Past Year Cannabis 74% - 32% - 36.52 <0.001 0.98
Past Year Illicit drugs 38% - 4% - 27.80 <0.001 1.50
CRAFFT score 2.93 1.92 0.91 1.41 40.91 <0.001 1.40
Mental Health
Depressive Episode 56% - 31% - 18.55 <0.001 0.54
Considered Suicide 35% - 14% - 16.93 <0.001 0.67
School Factors
Performance/Grades 5.69 1.77 6.44 1.47 16.07 <0.001 0.50
Bullying 44% - 24% - 15.45 <0.001 0.51
Demographics
Male 57% - 50% - 5.17 <0.001 0.15
Free/Reduced Lunch 41% - 36% - 3.77 <0.001 0.11
White 62% - 61% - 0.19 ns 0.01
Black 8% - 8% - 1.16 ns 0.06
Latino 14% - 15% - 1.70 ns -0.07
Multiracial 9% - 7% - 2.66 <0.001 0.15
Note: ? Effect sizes were calculated using Cohen’s d.
Table 2
Model fit statistics for latent class solutions (N = 1636).
Model-fit indices Percentage of sample in class
Log likelihood BIC Entropy LMR p 1 2 3 4
LRT
One class —2059 4140 - - 100
Two class —1907 3866 0.78 293 <0.01 86 14
Three class —1831 3744 0.91 146 <0.01 56 40 4
Four class —1831 3773 0.92 0.60 56 40 4 0
Table 3 heightened use of other (non-opioid) substances, mental health con-
able

Item response probabilities (N = 1636).

Probability of Class Member Reporting Item

Class 1 Class 2 Class 3
NMUPO- NMUPO-Use To Get Heroin
Any Use High (n = 649, 40%) Use
(n =915, (n=72,
56%) 4%)
Past Year Prescription 1.00 0.78 0.12
Painkiller use
Past Year Prescription 0.00 1.00 0.13
Painkiller use to get high
Past Year Heroin Use 0.00 0.05 1.00

4. Discussion

Given the scope and complexity in patterns of use for the opioid
epidemic, accurately capturing the heterogeneity in opioid use during
the transition to emerging adulthood is crucial for developing appro-
priately tailored treatment, prevention, and education programming
during this important developmental window. The current study in-
forms this effort by elucidating classes of youth using opioids (pre-
scription opioids, heroin) from a sample of more than 20,000 18 and
older high school students. In addition to replicating previous work on
differences between opioid and non-opioid users, current results provide
new insights into subclasses of opioid users and unique characteristics of
each class.

Overall rates of use were generally similar to, or slightly lower than,
prior research with this age demographic (Osborne et al., 2017; Palamar
et al., 2016; Rose et al., 2018), with moderate to large effects observed
between people who use opioids and those who do not with respect to

cerns, and school performance, also aligning with previous research
(Osborne et al., 2017; Schepis et al., 2018; Wu et al., 2010). LCA indi-
cated three distinct classes of opioid users that reliably differed on the
basis of levels of any NMUPO, NMUPO to get high, as well as heroin use.
The two NMUPO classes contained a much higher percentage of re-
spondents than the Heroin Use class, indicating that prescription drug
misuse continues to remain a much more common means of opioid use
among youth compared to heroin (Palamar et al., 2016). In reviewing
correlates of class membership, unique, distinct group differences were
observed even when controlling for levels of other covariates. For
instance, participants in the Heroin Use class reported lower levels of
alcohol and cannabis use than participants in the other two classes, yet
higher levels of illicit drug use. Highlighting the importance of taking
motive of use into account, participants in the NMUPO-Use To Get High
class also reported higher CRAFFT scores as well as suicide ideation
compared to participants in the NMUPO-Any Use class. Areas with non-
significant group differences were also notable, illustrating the ways in
which participants across all classes evinced similarly heightened levels
of depressive symptoms and bullying victimization as well as worse
grades compared to their peers who did not report past year opioid use.

Item response probabilities indicated very little co-occurrence, or
overlap, as participants who were assigned to one of the two NMUPO
classes report low to no probability of heroin use (0% and 5%) and,
conversely, participants who were assigned to the heroin use class re-
ported low rates of any NMUPO and NMOPU to get high (12% and 13%,
respectively). Although prior research has indicated a transition from
NMUPO to heroin use (Guarino et al., 2018), it is not clear whether or
not this is a development pattern that occurs in adults or appears in
adolescence as well. One possibility is that, upon using heroin, youth
cease NMUPO; the other possibility is that heroin use patterns in
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Table 4
Group Means (Standard Deviations) and Between Class Comparisons (N = 1636).
Variable Class 1 Class 2 Class 3 Class
NMUPO-Any Use NMUPO-Use To Get Heroin Users Comparisons *
M/% (SD) High | M/% (SD) M/% (SD) 1vs2 1vs3 2vs3
Substance Use
Past Year Alcohol 85% 86% 71% 1.01 1.34* 1.33*
Past Year Cannabis 68% 84% 62% 0.94 1.94%* 2.06%*
Past Year Illicit 25% 52% 75% 0.46%* 0.02%* 0.04%*
CRAFFT Score 2.53 (1.88) 3.57 (1.78) 2.25 (2.09) 0.82%* 1.16 1.42%
Mental Health
Depressive Episode 53% 57% 57% 1.00 0.55 0.55
Considered Suicide 29% 43% 41% 0.61%* 0.92 1.51
School Factors
Performance/Grades 5.82 (1.68) 5.52 (1.85) 5.51 (2.09) 0.98 1.03 1.06
Bullying 41% 48% 47% 0.90 0.67 0.75
Demographics
Male 52% 62% 79% 0.68** 0.18** 0.27*
Free/Reduced Lunch 43% 38% 37% 0.91 1.35 1.48
White 60% 66% 44% 0.83 1.89 2.29
Black 9% 8% 13% 0.82 4.46 5.48
Latino 16% 10% 13% 1.34 1.89 1.42
Multiracial 8% 10% 10% 0.95 1.32 1.39

Note: * 95% Confidence Interval of log-odds parameter estimate did not contain zero; ** 99% Confidence Interval log-odds parameter estimate did not contain zero
(estimated from 5,000 bootstrapped samples). # Group comparisons calculated from multinominal logistic regressions accounting for potential classification error (n =
1330 given listwise deletion applied to auxiliary variables). Second class listed is the reference class (i.e., for ‘1 vs 2/, Class 2 is the reference class).

emerging adulthood differ. Future prospective research is needed to
address this question.

With respect to specific implications for prevention and treatment
efforts for opioid use, our findings suggest these efforts may require a
broader focus on substance misuse more generally and not retain a
singular focus on opioids (also see Tucker et al., 2020). All three latent
classes, for instance, had elevated CRAFFT scores indicative of the need
for further assessment and treatment. Second, when discussing opioid
use, the results also highlight the importance of distinguishing motive of
use (also see Schepis et al., 2020; Votaw et al., 2019). Clear differences
existed between youth with NMUPO to get high and those not endorsing
this motive. At this stage of development, people who engage in NMUPO
— particularly with the motive to get high - is indicative of broader
concerns with respect to other substance use and mental health. Lastly,
class sizes suggest that efforts focused on NMUPO rather than heroin will
reach a larger audience.

Various limitations should be considered when interpreting study
findings. First, data from this study are cross-sectional, thus precluding
the ability to examine patterns of change over time. Second, given brief
time requirements of the survey, more detailed information on opioid
use (e.g., additional motives for use) was unavailable. Third, data were
measured via self-report, which can be limited by under-reporting and
inaccurate responding. Data cleaning practices, as well as data response
patterns, however, abate some of these concerns in the current dataset.
These limitations notwithstanding, current results underscore the het-
erogeneity among youth who use opioids at the onset of emerging
adulthood and highlight how opioid use during this time includes a
broader set of co-occuring substance use and mental health problems.
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