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Abstract

Background: Although substance use rates among adolescents have decreased, drug overdose
deaths among adolescents have increased since 2020, driven largely by illegally made fentanyl
(IMF). This study explores substance use patterns and characteristics of adolescents who were
assessed for substance use disorder (SUD) treatment to inform prevention and response strategies.

Methods: A convenience sample of adolescents aged 10-18 years assessed for SUD treatment
from September 2017 to December 2021 was analyzed using the Comprehensive Health
Assessment for Teens. The percentage of lifetime and past 30-day substance use was examined.
Adolescent characteristics (e.g., demographics, history of overdoses or hospital visits due to drug/
alcohol use) were analyzed by lifetime substances used.

Results: Among 5,377 assessments, most were male (58.7%), aged 16-18 years (50.5%), non-
Hispanic White (43.1%), enrolled in school (87.3%), and living with their parent(s) (72.4%). The
most commonly reported lifetime substances used were marijuana (68.0%), alcohol (54.2%), and
prescription opioid misuse (13.6%). The most common past 30-day substance use combination
was alcohol and marijuana (35.6%). The percentage of assessments indicating past-year overdoses
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or hospital visits due to drug/alcohol use was greatest among those who reported lifetime use of
IMF (24.0%), followed by heroin (21.4%) and cocaine (15.3%). Overall, 2.3% reported lifetime
IMF use and 0.6% thought IMF was causing them the most problems.

Conclusions: Findings inform opportunities to address substance use and increased IMF-
involved overdose among adolescents. Continued overdose prevention and response strategies
such as evidence-based education campaigns, naloxone distribution and harm reduction efforts,
and evidence-based SUD treatment expansion are needed.
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Introduction

Drug overdose deaths continue to increase, negatively affecting communities throughout the
United States. This rise in drug overdose deaths has increasingly been driven by synthetic
opioids such as illegally made fentanyl and fentanyl analogs (referred to as IMF hereafter),
particularly since 2013 (CDC, 2023a). In 2021, 106,699 drug overdose deaths occurred, a
14% increase in the age-adjusted rate from 2020 (Spencer et al., 2022). Adolescents are
among those impacted by this overdose crisis. Overdose deaths increased 94% from 2019
to 2020 among adolescents, and 20% from 2020 to 2021, a greater increase than observed
among the overall population (Friedman et al., 2022). In 2021, 77% of overdose deaths
among adolescents involved IMF, mirroring the rapid proliferation of IMF into the illicit
drug supply (DEA, 2022a; Friedman et al., 2022; Jiang et al., 2021).

Although there is no standard defined age range, adolescence is the phase of life between
childhood and adulthood and is frequently a period of engaging in risky behaviors such as
substance use (Sawyer et al., 2018; Frey and Roxanne, 2020; Simon et al., 2022; WHO,
2024). While adolescent substance use is of particular concern during the ongoing opioid
epidemic, it is also associated with negative consequences such as delinquency, academic
underachievement, sexual risk behaviors, sexually transmitted diseases, experiencing
violence, injuries, and mental health conditions (Clayton et al., 2019; CDC, 2023b; DuPont
etal., 2018; Nelson et al., 2017; Steinberg, 2007). Although adolescent substance use rates
have stayed level or even decreased nationally (Miech et al., 2023), surveillance data show
that substance use remains common among adolescents (CDC, 2023b). Among high school
students, approximately 23% reported current alcohol use, 16% reported current marijuana
use, and 12% reported lifetime prescription opioid misuse in 2021 (CDC, 2023b). Initiating
substance use during adolescence could increase the risk of substance use later in adulthood
and increase the risk of a substance use disorder (SUD) (Grant & Dawson, 1998; Kehinde et
al., 2019; Luciana & Ewing, 2015).

Although prior research has examined patterns in substance use among specific adolescent
populations (e.g., secondary or high school students, adolescents aged 12—17 years, students
at risk of dropping out of school, and street-living, homeless adolescents in SUD treatment)
including analyses by demographic factors (Rainone, 1993; Smart & Ogborne, 1994;

Jones et al., 2020; SAMHSA, 2022a; Miech et al., 2023; Hoots et al., 2023), little
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research has focused on recent substance use patterns including IMF among adolescents
assessed for SUD treatment in the United States. Assessment of adolescents’ substance
use to facilitate early intervention and access to evidence-based SUD treatment such as
buprenorphine is a comprehensive public health approach to delivering care and could
reduce their risk of overdose and overdose death (Thoele et al., 2021; Terranella et al.,
2024). Although prior research used validated screening instruments for adolescent SUD
treatment planning (Sterling et al., 2015; Levy et al., 2016; Thoele et al., 2021; NIDA,
2023), these instruments did not capture specific substances or medications beyond a

drug class due to the intentional brevity of screening. To improve the understanding of
substance use patterns and characteristics among adolescents assessed for SUD treatment
reporting lifetime substance use, particularly IMF, this study focused on real world data
derived from the National Addictions Vigilance Intervention and Prevention Program
(NAVIPPRO) Comprehensive Health Assessment for Teens (CHAT) between September
2017 and December 2021 and aimed to examine (1) patterns in lifetime substance use by
substance overall and by demographic characteristics, (2) frequency of overdoses or hospital
visits due to drug/alcohol use, (3) frequency of substances reported as causing the most
problems, (4) frequency of substances reported as preferred substances, and (5) patterns in
past 30-day substance use and substance use combinations.

The NAVIPPRO CHAT is a validated, computer-delivered, self-administered substance use
assessment which captures real world data on a convenience sample of geographically
diverse adolescents assessed for substance use problems for clinical treatment planning

and triage purposes in the United States (Lord et al., 2011; Vosburg et al., 2021).
Assessment sites administering the CHAT assessment tools included residential/inpatient
programs, outpatient programs, methadone maintenance programs, buprenorphine/naloxone
programs, school-based programs*, medical-based programs, criminal justice programs,
drug courts, welfare programs, national guard and reserve initiatives, homeless services

and other programs. Adolescents who came into the assessment site and were assessed

for SUD treatment were administered the CHAT assessment as part of a standard intake
process (Vosburg et al., 2021). The assessment sites and clinicians administrating the
CHAT had to comply with state, local, and federal laws pertaining to assessment and
treatment of minors, including those pertaining to consent of parents/guardians. CHAT
collects extensive information on each adolescent primarily for clinical purposeT, including
data on demographics, physical health, legal issues, employment status, and biopsychosocial
content areas including emotional/psychological health, family relationships, friend/peer

*School-based programs administer the CHAT assessment to students on an as-needed basis (i.e., if SUD treatment and treatment
planning is indicated); this does not mean that every student coming into a participating assessment site’s nurse’s office is assessed
with the CHAT. The CHAT is utilized in school programs among at-risk students.

CHAT data are collected primarily for clinical purposes. Adolescents who complete a CHAT are assigned the assessment by their
clinician to guide their treatment planning. The CHAT was not intended for research purposes, and the administration of CHAT
assessments to adolescents is not for research purposes. Any analysis conducted using CHAT data constitutes secondary research of
real world data. Once adolescents complete the CHAT assessment, their data is de-identified and electronically uploaded to a central
server where it is available for analysis.
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relationships, alcohol use, tobacco use, and drug use (Lord et al., 2011; Vosburg et al.,
2021). Questions regarding IMF use were added to CHAT on September 17, 2017. Thus, our
study period covers September 17, 2017, through December 31, 2021.

Based on responses to the targeted questions, CHAT calculates past 30-day composite
scores for the above six biopsychosocial content areas. These scores help clinicians

better understand a patient’s history and the need for assistance across each of these

areas. Interpretation of composite scores are as follows: 0-47, within normal range; 48—
49, possible risk; 50-59, slight problem; 60-69, moderate problem; 70-79, considerable
problem; and >79, extreme problem.§ A composite score of 260 is considered moderate

to extremely severe and is indicative of a need for treatment or greater assistance in that
content area, while a composite score of 0-59 is considered less severe, where the treatment
is not indicated or probably not necessary (Lord et al., 2011; Vosburg et al., 2021). More
information about CHAT (such as the reliability and validity of the CHAT assessment) has
been documented elsewhere (Lord et al., 2011).

Study design

This cross-sectional study includes a convenience sample of US adolescents aged 10—

18 years assessed for SUD treatment. Adolescents could be assessed at multiple times
throughout the study period. To capture comprehensive information related to adolescent
substance use, increase the study sample size, and maintain consistency with previous papers
using the NAVIPPRO dataset (Jiang et al., 2021; Kacha-Ochana et al., 2022; Pickens et al.,
2023; Jiang et al., 2024), this study regarded each assessment as the unit of analysis.

The following ten categories of lifetime substance use were analyzed: (1) IMF (The
definition of IMF in the CHAT was “Street fentanyl (illegal fentanyl, carfentanil-sometimes
combined with other drugs such as heroin or cocaine)”), (2) heroin, (3) prescription opioid
misuse (including but not limited to Oxycontin, Vicodin, and Percocet), (4) marijuana, (5)
alcohol, (6) prescription sedative or tranquilizer misuse (including but not limited to Valium,
Xanax, and Klonopin), (7) prescription stimulant misuse (including but not limited to
Ritalin, Adderall, and Dexedrine), (8) methamphetamine, (9) cocaine, and (10) no reported
substances. Prescription drug misuse (i.e., misuse of prescription opioids, stimulants,
sedatives, or tranquilizers) is defined as using prescription drugs not as prescribed, or to

get high (Mosburg et al., 2021).

We calculated the percentage of adolescents reporting each category of lifetime substance
use overall and by demographic characteristics (e.g., seX, age, race/ethnicity, current living
situation, school status, medical history, and history of criminal justice involvementﬂ)
among all assessments. We analyzed lifetime substance use by composite scores on the

six biopsychosocial content areas. We also examined the percentage of adolescents reporting
past-year and past 30-day overdose or hospital visit due to drug/alcohol use within each
category of substance use over the lifetime among all assessments.

8in this analysis, the range of composite scores for emotional/psychological health was 41 to 95, for family relationships was 41 to 90,
for friend/peer relationships was 37 to 158, for alcohol use was 46 to 242, for tobacco use was 46 to 89, and for drug use was 47 to
103. There is no definition of “problem” in the CHAT data.

History of criminal justice involvement is defined as individuals reported that they have ever been in trouble with the law or arrested.
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We examined the percentage of substances that adolescents reported caused the most
problems**for them, and the percentage of substances that adolescents reported as their
preferred substances (up to three substances could be selected as the preferred substances)
T among all assessments. The choice of substances included the first nine substance
categories above as well as: cough sirups, hallucinogens, inhalants, ecstasy, methadone or
buprenorphine, phencyclidine or ketamine, Gamma-Hydroxybutyric acid or Rohypnol, and
some other substance.88 Finally, past 30-day substance use and substance use combinations
were analyzed. We calculated the percentage of past 30-day substance use for each
substance among those who reported any substance useTin the past 30 days. We also
calculated the percentage of past 30-day substance use for each substance combination
among those who reported use of more than one substance*** in the past 30 days. Use of
more than one substance does not necessarily represent use of substances simultaneously.

This study adhered to the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement (Appendix 1). The STROBE Statement offers authors
guidance on enhancing the reporting of observational studies, enabling reviewers, journal
editors, and readers to critically appraise and interpret this study (Vandenbroucke et al.,
2014).

Statistical analyses

To be consistent with previous papers using the NAVIPPRO dataset (Jiang et al., 2021;
Kacha-Ochana et al., 2022), Pearson’s chi-square tests were used to compare the distribution
of demographic characteristics among assessments in which adolescents who reported
lifetime use of a substance versus assessments among those that did not. Unknown or

no response categories for each demographic characteristic were excluded from chi-square
tests. A pvalue of <0.05 indicates that there is a statistical significance between adolescents
who reported lifetime use of a substance versus those that did not in terms of a specific
distribution of demographic characteristic.

We also conducted a sensitivity analysis to examine the robustness of our findings at the
individual level, rather than the assessment level. We used the last assessment if multiple
assessments were performed on the same day (given more complete data), and the first
assessment for individuals with multiple assessments on different days (Jiang et at., 2021).

Since CHAT data are collected primarily for clinical purposes, analyses of de-identified
aggregate data for research purposes have been determined to be exempt from human-

**There is no definition of “problem” in the CHAT data. Each substance reported causing the most problems was mutually exclusive.

T Adolescents were asked “which drug or drugs do you like the most? You can select up to three.” in the CHAT data. There was no
rank among the selected preferred substances. Each substance reported as the preferred substance was NOT mutually exclusive.
88“Methadone or buprenorphine”, “phencyclidine or ketamine”, and “Gamma-Hydroxybutyric acid or Rohypnol” were listed as three
drug groups in the CHAT when presented to adolescents.

'”Any substance use in the past 30-day includes past 30-day use (or prescription medication misuse) of the following: alcohol,
marijuana, heroin, illegally made fentanyl, prescription opioid misuse, prescription sedative or tranquilizer misuse, prescription
stimulant misuse, cocaine, methamphetamine, hallucinogens, inhalants, ecstasy, gamma hydroxybutyrate/Rohypnol, phencyclidine/
ketamine, cough sirup, and other unspecified drugs.

Use of more than one substance in the past 30-day includes past 30-day use (or prescription medication misuse) of at least two of
the following: alcohol, marijuana, heroin, illegally made fentanyl, prescription opioid misuse, prescription sedative or tranquilizer
misuse, prescription stimulant misuse, cocaine, methamphetamine, hallucinogens, inhalants, ecstasy, gamma hydroxybutyrate/
Rohypnol, phencyclidine/ketamine, cough sirup, and other unspecified drugs.
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subject regulations and institutional review board approval (Mosburg et al., 2021). All
analyses were conducted using SAS (version 9.4; SAS Institute, Cary, NC).

Results below are organized by the study’s research questions.

Patterns in lifetime substance use by substance overall and by demographic
characteristics

During the study period, 5,377 assessments of US adolescents were completed from 143
assessment sites located in 29 states (3.3% of adolescents were administered the CHAT
multiple times and contributed more than one assessment throughout the study period. T,
Among 5,377 assessments, the majority were male (58.7%), aged 16-18 years (50.5%),
non-Hispanic White (43.1%), and had Medicare/Medicaid insurance (57.3%). Most of those
assessed lived in the South (59.7%), lived in metropolitan assessment sites (63.9%), resided
with their parent(s) (72.4%), were enrolled in school (87.3%), had never had counseling

or treatment for their alcohol/drug use (75.6%), and had a history of criminal justice
involvement (59.0%) (Tables 1 and 2). The mean age of initiation by substance ranged

from 12.9 years for marijuana to 14.7 years for cocaine (Table 2).

Most demographic characteristics were different between adolescent assessments reporting
lifetime use of each substance and those not reporting use (pvalue < 0.05). No statistically
significant difference was found between adolescent assessments reporting lifetime use of
certain substances and those not reporting use in terms of sex (prescription opioid misuse,
alcohol, prescription sedative or tranquilizer misuse, prescription stimulant misuse), urban-
rural status (IMF, heroin, cocaine), and currently on probation status (heroin). For example,
there was no differences in urban-rural status between adolescent assessments reporting
lifetime use of IMF and those that did not (pvalue = 0.26) (Tables 1 and 2).

The most commonly reported substances used in their lifetime across assessments were
marijuana (68.0%), followed by alcohol (54.2%), prescription opioid misuse (13.6%),
prescription sedative or tranquilizer misuse (12.6%), cocaine (9.9%), prescription stimulant
misuse (9.5%), methamphetamine (7.6%), heroin (2.9%), and IMF (2.3%). Overall, 23.1%
of all assessments indicated no reported substance use in their lifetime. Males reported
higher lifetime use of marijuana (73.2% versus 60.6%), alcohol (54.7% versus 53.5%),
prescription opioid misuse (14.1% versus 12.9%), prescription sedative or tranquilizer
misuse (13.4% versus 11.5%), and prescription stimulant misuse (10.1% versus 8.8%)
compared to females; females reported higher lifetime use of IMF (3.0% versus 1.8% in
males), heroin (4.2% versus 1.9%), methamphetamine (9.5% versus 6.3%), and cocaine
(11.0% versus 9.1%). Adolescents aged 16-18 years reported higher lifetime use of all
substances (range: 3.2% to 80.5%) compared to other age groups (Table 1).

TTTAmong the 5,377 CHAT assessments, there were 5,190 unique adolescents. Among 5,190 unique adolescents, 5,017 (96.7%) were
assessed for one time; 159 (3.0%) were assessed for twice, and 14 (0.3%) were assessed for three times. 3.5% of all assessments were
completed by adolescents who had already completed one assessment during the study period.

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.
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In terms of race and ethnicity, non-Hispanic White adolescents also reported higher lifetime
use of all substances (range: 3.1% to 72.4%) compared with other race/ethnicity groups.

On the other hand, non-Hispanic Black adolescents reported the lowest lifetime use of all
substances (range: 0.67% to 58.0%). In terms of geographic location by comparing the
percentage of lifetime substance use reported in each of the four US Census Bureau regions,
the percentages of IMF use (3.3%), heroin use (4.6%), methamphetamine use (12.3%), and
cocaine use (15.8%) were highest at assessment sites in the West, whereas the percentages
of prescription opioid misuse (20.5%), marijuana use (88.6%), prescription sedative or
tranquilizer misuse (19.6%), and prescription stimulant misuse (15.0%) were highest at
assessment sites in the Northeast. Lifetime alcohol use (71.8%) was highest at assessment
sites in the Midwest (Table 1).

Compared to other living situations, adolescents who lived with friends, a partner or spouse,
or lived alone (these three were combined as one category; this category only accounted

for 1.5% of the total assessments) had higher percentages of lifetime substance use for all
substances assessed (range: 8.4% to 89.2%). Adolescents not currently enrolled in school
also reported higher lifetime use of all substances (range: 5.3% to 84.0%) compared with
those enrolled in school (range: 1.9% to 65.7%) (Table 1). Although only 1.7% of all
assessments reported injection drug use behaviors, assessments that indicated injection drug
use showed much higher lifetime use of all substances except for marijuana (range: 41.1%
to 88.9%) compared to those with other routes of administration (range: 2.5% to 72.6%).
Adolescents with a history of criminal justice involvement reported percentages of all
lifetime substance use except for alcohol (range: 3.3% to 86.8%) at least twice as high as
those without a history of criminal justice involvement (range: 0.9% to 41.0%) (Table 2).

Among the biopsychosocial content areas measured, 28.1% of adolescent assessments
reported moderate to extreme severity of problems with emotional/psychological health,
followed by drug use (20.1%), friend/peer relationships (18.3%), family relationships
(15.0%), tobacco use (14.6%), and alcohol use (7.8%) in the past 30 days. In any
biopsychosacial content area, assessments reporting moderate to extreme severity of
problems had higher percentages of all lifetime substance use compared to those reporting
less severe problems (Table 2).

Frequency of overdoses or hospital visits due to drug/alcohol use

Among all assessments, the percentage of adolescents reporting past-year overdose or
hospital visit due to drug/alcohol use was greatest among those who reported lifetime use
of IMF (24.0%), followed by heroin (21.4%), cocaine (15.3%), methamphetamine (15.2%),
prescription stimulant misuse (14.8%), prescription sedative or tranquilizer misuse (13.6%),
prescription opioid misuse (12.3%), alcohol (6.5%), and marijuana (5.1%). Similarly, those
who reported lifetime IMF use had the greatest percentage of assessments reporting past
30-day overdose or hospital visit due to drug/alcohol use (7.2%), followed by heroin (6.5%)
and prescription stimulant misuse (6.2%) (Figure 1).
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Frequency of substances reported as causing the most problems, or as preferred

substances

Among all assessments, 55.5% reported that they did not have a problem with any
substance, while 18.1% thought marijuana was causing them the most problems, followed
by alcohol (12.7%) and methamphetamine (3.6%). 0.6% thought IMF was causing them
the most problems (Supplemental Figure 1). In terms of preferred substances, 50.1% of
all assessments reported marijuana as the preferred substance, followed by no preference
(43.7%), and alcohol (13.5%). Overall, 0.3% reported IMF as the preferred substance
(Supplemental Figure 2).

Patterns in past 30-day substance use and substance use combinations

Among all assessments, 47.4% and 23.9% reported substance use as well as substance use
combinations during the past 30 days, respectively. The most commonly reported substances
among those reporting any substance use in the past 30 days were marijuana (83.6%),
followed by alcohol (46.4%), and other unspecified drug (18.1%) (Figure 2). The most
common combinations among those reporting use of more than one substance in the past 30
days were alcohol and marijuana (35.6%), followed by marijuana and other unspecified drug
(14.0%) and alcohol, marijuana, and other unspecified drug (7.6%) (Figure 3).

Results of the sensitivity analysis for each study’s research question were consistent with the
main analysis (Appendix 2).§§§

Discussion

This cross-sectional study examined the substance use patterns, demographic characteristics,
and past-year and past 30-day overdoses or hospital visits due to substance use using

real world data from a convenience sample of US adolescents aged 10-18 years assessed
for SUD treatment from 2017 through 2021. Findings showed that marijuana was the

most commonly reported substance used during the lifetime (68.0%), followed by alcohol
(54.2%), misuse of prescription opioids (13.6%), and misuse of prescription sedatives or
tranquilizers (12.6%). Our results, derived from a convenience sample of adolescents aged
10-18 years assessed for SUD treatment, are higher than those derived from the nationally
representative data focusing on US secondary or high school students, or adolescents aged
12-17 years in 2021 (Miech et al., 2022; Hoots et al., 2023; SAMHSA, 2022b). For
example, the Monitoring the Future (MTF) survey estimated that lifetime prevalence use

of alcohol and marijuana among US students in 8™, 10t, and 12t grades was 36.3%

and 23.1% in 2021, respectively 1T (Miech et al., 2022). The Youth Risk Behavior Survey
(YRBS) estimated that alcohol (47.4%), marijuana (27.8%), and prescription opioid misuse
(12.2%) were the most commonly reported lifetime substances used by US high school

888Two results from the sensitivity analysis are slightly different from the main analysis, In Appendix 2A, the pvalue for the
insurance category among the lifetime methamphetamine users changes from significant (o= 0.0412) to nonsignificant (o= 0.0699).
In Appendix 2E, the percentage of marijuana and hallucinogen combinations was <1% (sensitivity analysis: 0.97%; main analysis:
1.09%), so it is no longer listed in the figure.

M The 2021 MTF did not measure the lifetime prevalence of prescription opioid misuse among US students in 8th, 10th, and 12th
grades combined. MTF measured the narcotics other than heroin (most of which are opioids) only for 12th grade due to concerns
about the validity of reports of these substances from the US students in lower grades. https://monitoringthefuture.org/wp-content/
uploads/2022/08/mtf-voll_2021.pdf
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students in 2021 (Hoots et al., 2023). Additionally, the 2021 National Survey on Drug

Use and Health (NSDUH) data estimated that 22.9% and 13.2% adolescents aged 12-17
years used alcohol and marijuana in the lifetime, respectively**** (SAMHSA, 2022b).
Differences in results among these studies are likely due to different adolescent populations,
data collection processes, or outcomes measured. Adolescents assessed for SUD treatment
in the CHAT are likely to have more severe substance use than the general population of
secondary and high school students or adolescents aged 12-17 years in the United States.

In this study, approximately one in four assessments reported the use of multiple substances
over the past 30 days, with alcohol and marijuana being the most commonly reported
combination (35.6%). Notably, most substance use combinations involved either marijuana
or alcohol or both. This result is similar to the findings derived from the 2021 YRBS, which
found that alcohol and marijuana were the most commonly past 30-day co-used substances
among those who reported past 30-day alcohol use, marijuana use, or prescription opioid
misuse, with 30.2% reporting co-use (Hoots et al., 2023). High rates of alcohol and
marijuana use among adolescents are concerning. An abundance of research has shown

that marijuana and alcohol are associated with an increased risk of other substance use,
mental health conditions, the development of a SUD later in life, and other negative
consequences (CDC, 2021a; DuPont et al., 2018; NIDA, 2021a; Olfson et al., 2018). These
findings emphasize the importance of comprehensive prevention strategies that focus on
reducing risk factors and strengthening protective factors related to adolescent substance
use (Hawkins et al., 1992; Hawkins et al., 2016). For instance, promoting programs that
prevent adverse childhood experiences has the potential to reduce adolescent substance use
(CDC, 2019; Tanz et al., 2022a). CDC, through the Drug-Free Communities Program, is
providing funding and support to community coalitions in their work to prevent and reduce
adolescent substance use (CDC, 2022a). In addition, school-based programs integrating
social competence and social influence approaches have shown protective effects in
preventing marijuana and other substances use (Faggiano et al., 2014). Moreover, education
about the safe storage of marijuana and safe storage and disposal of prescription drugs

may reduce substance-related morbidity among adolescents (Achana et al., 2015; de la
Cruz etal., 2017; Roehler et al., 2022; Thomas et al., 2019). Further, evidence-based
prevention policies such as increased alcohol taxes and prescription drug monitoring
programs have been shown to reduce adolescent alcohol use and overdose deaths involving
prescription opioids (Dowell et al., 2016; Elder et al., 2010; Esser et al., 2022; Pardo, 2017).
More research is needed to evaluate whether policies used to reduce alcohol use among
adolescents are effective in reducing adolescent marijuana use.

Our study only represents adolescents who reported knowingly using IMF. Tanz et al found
that approximately 84% of overdose deaths involved IMF among persons aged 10-19 years
between July 2019-December 2021 (Tanz et al., 2022a), our result that IMF was the least
reported substance used among adolescents, with 2.3% of all assessments reporting lifetime
use, thus is likely underestimated. Notably, only 0.3% of all assessments reported IMF

as their preferred substance, and 0.6% thought that IMF caused them the most problems.

*hkk,

The 2021 NSDUH did not measure the lifetime percentage of prescription opioid misuse among people aged 12-17 years.

https://www.samhsa.gov/data/report/2021-nsduh-detailed-tables
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Nevertheless, with the high potency of IMF, increased availability of counterfeit pills
resembling prescription drugs containing IMF, and frequent contamination of some illicit
drugs with IMF (e.g., heroin, cocaine), adolescents exposed to substances with IMF are at
high risk for fatal overdose (Joynt & Wang, 2021; NIDA, 2021b; Tanz et al., 2022a). In fact,
consistent with earlier research focusing on adults assessed for SUD treatment (Jiang et al.,
2021), our study indicated that a higher percentage of assessments completed by adolescents
assessed for SUD treatment that reported IMF use over the lifetime also included past-year/
past 30-day overdose or hospital visits due to drug/alcohol use compared to assessments
with other categories of lifetime substances reported. Additionally, our study indicated

that 10-14% of assessments reported misusing prescription opioids, prescription sedatives/
tranquilizers, and prescription stimulants over the lifetime. The most common sources of
those prescription drugs among adolescents aged 10-18 years could be from family/friends,
dealers, or others (Jiang et al., 2024). It is unclear how many of those prescription drugs

are counterfeit pills that could contain IMF or other illicit drugs. Counterfeit pills are

easy to purchase through social media and e-commerce platforms, which poses a severe
danger to adolescents (DEA, 2022b; Tanz et al., 2022a). Given the missed opportunities for
interventions within the health systems (Follman et al., 2019; Schoenfeld et al., 2020; Tanz
et al., 2022b; Wilson et al., 2018), continued overdose prevention, treatment, and response
strategies are needed to address rising rates of IMF-involved overdose among adolescents.
Education in schools on IMF and counterfeit pills and improving adolescents’ awareness
about their risk is important (Tanz et al., 2022a; DEA, 2023). Naloxone distribution
expansion, robust overdose education, linkage to evidence-based treatment for SUD, and
harm reduction services such as use of fentanyl test strips and syringe services programs are
also needed (CDC, 2022b; Hadland, 2019; Peiper et al., 2019).

Another notable finding was the high percentages of substance use reported among
adolescents either living with friends, a partner or spouse, or living alone, and those

not currently enrolled in school. Previous research has stressed the importance of family
environment, peer influence, and school attachment on an adolescent’s life (Moore et al.,
2018; Saladino et al., 2020; Schuler et al., 2019; Valkov, 2018). Research suggests it is
important that substance use prevention efforts that seek to address peer influence begin
prior to middle school and are sustained throughout high school (Schuler et al., 2019). In
addition, early school disengagement assessment and prevention may play an important role
in preventing school dropout and substance use among adolescents (Henry et al., 2012;
Valkov, 2018; Rainone, 1993). Further, our study found high percentages of substance

use among adolescents with a history of criminal justice involvement. This finding aligns
with a robust set of research which has shown a correlation between adolescents’ criminal
justice system involvement and substance use (Christeson et al., 2008; Maynard et al.,
2015; Salcedo et al., 2021). This finding underscores the importance of evidence-based
interventions (e.g., family counseling in the early stages of delinquency), and importance

of building partnerships through multiple public health and public safety collaborations

to strengthen and improve efforts to reduce drug overdoses (Young et al., 2007; CDC,
2021b). Taken together, these findings highlight the complex nature of substance use among
adolescents, and the interplay between substance use, families, peers, schools, and the
criminal justice system. More research is warranted to help develop tailored prevention

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al.

Page 11

messages and interventions at different layers of environmental influence (Moore et al.,
2018).

This study also identified noteworthy patient-level characteristics and patterns in substance
use among adolescents. Specifically, almost one in three adolescent assessments had a

past 30-day moderate to extreme severity in the emotional/psychological health content
area. These adolescent assessments reported a higher percentage of use of all substances
compared with those with less severity in the emotional/psychological health content area.
This is consistent with previous research documenting that mental health conditions and
substance use are tightly linked among adolescents (CMI, 2019; NIDA, 2020). Additionally,
we found that only 24.1% of adolescent assessments reported receiving counseling or
treatment for their alcohol or drug use. Stigma concerning SUD treatment could partially
explain the low engagement in care (Bagley et al., 2022; CMI, 2019). Potential intervention
opportunities such as decreasing stigma, screening for co-occurring mental health conditions
and SUD, and treating mental health conditions concomitantly with SUD treatment in
integrated care (i.e., combining primary care, mental health, and substance use services) can
help to improve care (Bagley et al., 2022; CMI, 2019; Zhang et al., 2022). Moreover, we
found heterogeneity in most substances use by sex, race/ethnicity, location of the assessment
site, and route of administration. Notably, although nearly one-third of the females did

not report any lifetime substance used among all assessments, 3-11% of them reported
substantially higher lifetime use of IMF, heroin, methamphetamine, and cocaine compared
to males. In our study, lifetime substance use patterns by sex differed from those identified
in MTF, YRBS, and NSDUH (Miech et al., 2022; Hoots et al., 2023; SAMHSA, 2022b).
For example, these surveys revealed a higher prevalence of lifetime marijuana use among
adolescent females compared to adolescent males in 2021 (Miech et al., 2022; Hoots et al.,
2023; SAMHSA, 2022b). This pattern, highlighted by MTF, is considered unusual since,

in past years, more adolescent males reported lifetime marijuana use (Miech et al., 2022).
Together with our findings, these findings underscore the importance of designing tailored
prevention strategies to address substance use and related harms among different adolescent
populations (Simon et al., 2022).

Finally, many of the validated screening instruments, including CHAT, allow for
identification of adolescents’ risky behaviors and substance use (Sterling et al., 2015;

Levy et al., 2016; Thoele et al., 2021; NIDA, 2023). These instruments can facilitate the
Screening, Brief Intervention, and Referral to Treatment (SBIRT) model among adolescents
(Sterling et al., 2015; Levy et al., 2016; Thoele et al., 2021; NIDA, 2023). However, due

to the intentional brevity of screening instruments, none capture specific substances or
medications beyond a drug class, nor do they measure related conditions such as current
living situation, school, psychiatric/medical history, justice system involvement, and peer/
familial relationships among adolescents. These additional measures are collected in CHAT
which lead to the clinician’s ability to develop wholistic treatment plans and research
opportunity to better understand the needs of adolescents.

Our findings are subject to at least seven limitations. First, CHAT data are self-reported
and thus subject to reporting bias and recall error. Nearly one-quarter of the assessments
completed by adolescents reported no lifetime substance use, which may have impacted the
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results. Second, our study only represents adolescents who reported knowingly using IMF.
CHAT data did not collect information on whether the respondent deliberately sought out
IMF, nor if they believed they were usually sold/given IMF or whether they confirmed IMF
with fentanyl test strips (Ciccarone, 2017; Jiang et al., 2021; Morales et al., 2019). Third,
CHAT data did not collect the main reason why adolescents were at the assessment sites
and being administered the CHAT assessment. Fourth, as CHAT data are a convenience
sample and are not nationally representative, our results may not be generalizable to all US
adolescents being assessed for SUD treatment or to US adolescents who use substances but
are not assessed for SUD treatment. Fifth, we analyzed the study at the assessment-level
rather than individual-level. Nevertheless, our sensitivity analysis at the individual-level is
consistent with the main analysis because of the low percentage of repeated assessments
(i.e., 3.5% of all assessments were completed by adolescents who had already completed
one assessment during the study period). Results from the sensitivity analysis, derived from
a convenience sample of adolescents aged 10-18 years assessed for SUD treatment, are still
higher than those from the 2021 nationally representative data focusing on US secondary
or high school students or adolescents aged 12-17 years (Miech et al., 2022; Hoots et al.,
2023; SAMHSA, 2022b). Sixth, our study period included the COVID-19 pandemic which
may impact adolescent substance use patterns. More research is needed to understand how
adolescent substance use changed during the COVID-19 pandemic. Finally, CHAT did not
collect information about specific drug-related overdose or hospital visit; thus, we are not
able to differentiate whether adolescents experienced a specific drug overdose, visited the
hospital for a drug-related health problem, or visited the hospital for an alcohol-related
health problem.

Conclusion

This study highlights the substance use patterns and characteristics using real world data
from US adolescents assessed for SUD treatment and informs opportunities to address
substance use among adolescents. Tailored strategies such as preventing adverse childhood
experiences, promoting school-based substance use prevention programs, expanding
evidence-based prevention policies, and screening for and treating co-occurring mental
health conditions and SUDs are needed to reduce harms related to adolescent substance use.

This study also provides new insights into adolescents who report IMF use. In the context

of increasing IMF-involved overdose deaths among adolescents cited in other studies,
continued overdose prevention and response strategies such as evidence-based education

on IMF and counterfeit pills, use of fentanyl test strips, naloxone distribution, and evidence-
based SUD treatment expansion are needed to address rising rates of IMF-involved overdose
among adolescents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgement

The authors would like to thank Akadia Kacha-Ochana for managing the NAVIPPRO datasets at CDC.

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Jiang et al. Page 13
Funding
The authors reported there is no funding associated with the work featured in this article.
References

Achana FA, Sutton AJ, Kendrick D, Wynn P, Young B, Jones DR, Hubbard SJ, & Cooper NJ
(2015). The effectiveness of different interventions to promote poison prevention behaviours
in households with children: A network meta-analysis. PLoS One, 10(3), e0121122. 10.1371/
journal.pone.0121122 [PubMed: 25894385]

Bagley SM, Schoenberger SF, dellaBitta V, Lunze K, Barron K, Hadland SE, & Park TW (2023).
Ambivalence and stigma beliefs about medication treatment among young adults with opioid
use disorder: A qualitative exploration of young adults’ perspectives. The Journal of Adolescent
Health: Official Publication of the Society for Adolescent Medicine, 72(1), 105-110. 10.1016/
j.jadohealth.2022.08.026 [PubMed: 36216678]

Christenson B, Lee B, Schaefer S, Kass D, & MessnerZidell S (2016). School
or the Streets: Crime and America’s Dropout Crisis. Fight Crime, Invest in
Kids. https://alabamapartnershipforchildren.org/wp-content/uploads/2016/12/School-or-the-Streets-
Crime-and-Americas-Dropout-Crisis.pdf.

Centers for Disease Control and Prevention (CDC). (2019). Preventing Adverse Childhood
Experiences: Leveraging the Best Available Evidence. National Center for Injury Prevention and
Control, Centers for Disease Control and Prevention.

Centers for Disease Control and Prevention (CDC). (2021a). Teens. https://www.cdc.gov/marijuana/
health-effects/teens.html.

Centers for Disease Control and Prevention (CDC). (2021b). Partnerships Between Public Health and
Public Safety. https://www.cdc.gov/drugoverdose/strategies/public-safety.html.

Centers for Disease Control and Prevention (CDC). (2022a). Communities Are Leading the
Way to Prevent Youth Substance Use. https://www.cdc.gov/drugoverdose/featured-topics/drug-free-
communities.html.

Centers for Disease Control and Prevention (CDC). (2022b). Evidence-Based Strategies for Preventing
Opioid Overdose: What’s Working in the United States. https://www.cdc.gov/drugoverdose/
featured-topics/evidence-based-strategies.html.

Centers for Disease Control and Prevention (CDC). (.). (2023a). Understanding the Opioid Overdose
Epidemic. https://www.cdc.gov/opioids/basics/epidemic.html

Centers for Disease Control and Prevention (CDC). (2023b). Youth Risk Behavior Survey
Data Summary & Trends Report: 2011-2021. https://www.cdc.gov/healthyyouth/data/yrbs/pdf/
YRBS_Data-Summary-Trends_Report2023_508.pdf.

Clayton HB, Bohm MK, Lowry R, Ashley C, & Ethier KA (2019). Prescription opioid misuse
associated with risk behaviors among adolescents. American Journal of Preventive Medicine,
57(4), 533-539. 10.1016/j.amepre.2019.05.017 [PubMed: 31443955]

Child Mind Institute (CMI). (2019). Substance use+mental health in teens and young adults.

Your guide to recognizing and addressing co-occurring disorders. https://drugfree.org/wp-content/
uploads/2019/02/Substance-Use-Mental-Health-in-Teens-and-Young-Adults.pdf

Ciccarone D (2017). Fentanyl in the US heroin supply: A rapidly changing risk environment. The
International Journal on Drug Policy, 46, 107-111. 10.1016/j.drugpo.2017.06.010 [PubMed:
28735776]

Drug Enforcement Administration. (2022a). The 2020
National Drug Threat Assessment. https://www.dea.gov/sites/default/files/2021-02/
DIR-008-21%202020%20National%20Drug%20Threat%20Assessment_WEB.pdf.

Drug Enforcement Administration. (2022b). SOCIAL MEDIA
Drug Trafficking Threat. https://www.dea.gov/sites/default/files/2022-03/20220208-
DEA_Social%20Media%20Drug%20Trafficking%20Threat%200verview.pdf.

Drug Enforcement Administration. (2023). One Pill Can Kill. https://www.dea.gov/onepill.

de la Cruz M, Reddy A, Balankari V, Epner M, Frisbee-Hume S, Wu J, Liu D, Yennuraialingam
S, Cantu H, Williams J, & Bruera E (2017). The impact of an educational program on patient

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.


https://alabamapartnershipforchildren.org/wp-content/uploads/2016/12/School-or-the-Streets-Crime-and-Americas-Dropout-Crisis.pdf
https://alabamapartnershipforchildren.org/wp-content/uploads/2016/12/School-or-the-Streets-Crime-and-Americas-Dropout-Crisis.pdf
https://www.cdc.gov/marijuana/health-effects/teens.html
https://www.cdc.gov/marijuana/health-effects/teens.html
https://www.cdc.gov/drugoverdose/strategies/public-safety.html
https://www.cdc.gov/drugoverdose/featured-topics/drug-free-communities.html
https://www.cdc.gov/drugoverdose/featured-topics/drug-free-communities.html
https://www.cdc.gov/drugoverdose/featured-topics/evidence-based-strategies.html
https://www.cdc.gov/drugoverdose/featured-topics/evidence-based-strategies.html
https://www.cdc.gov/opioids/basics/epidemic.html
https://www.cdc.gov/healthyyouth/data/yrbs/pdf/YRBS_Data-Summary-Trends_Report2023_508.pdf
https://www.cdc.gov/healthyyouth/data/yrbs/pdf/YRBS_Data-Summary-Trends_Report2023_508.pdf
https://drugfree.org/wp-content/uploads/2019/02/Substance-Use-Mental-Health-in-Teens-and-Young-Adults.pdf
https://drugfree.org/wp-content/uploads/2019/02/Substance-Use-Mental-Health-in-Teens-and-Young-Adults.pdf
https://www.dea.gov/sites/default/files/2021-02/DIR-008-21%202020%20National%20Drug%20Threat%20Assessment_WEB.pdf
https://www.dea.gov/sites/default/files/2021-02/DIR-008-21%202020%20National%20Drug%20Threat%20Assessment_WEB.pdf
https://www.dea.gov/sites/default/files/2022-03/20220208-DEA_Social%20Media%20Drug%20Trafficking%20Threat%20Overview.pdf
https://www.dea.gov/sites/default/files/2022-03/20220208-DEA_Social%20Media%20Drug%20Trafficking%20Threat%20Overview.pdf
https://www.dea.gov/onepill

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al.

Page 14

practices for safe use, storage, and disposal of opioids at a comprehensive cancer center. The
Oncologist, 22(1), 115-121. 10.1634/theoncologist.2016-0266 [PubMed: 27742907]

Dowell D, Zhang K, Noonan RK, & Hockenberry JM (2016). Mandatory provider review and pain
clinic laws reduce the amounts of opioids prescribed and overdose death rates. Health Affairs
(Project Hope), 35(10), 1876-1883. 10.1377/hlthaff.2016.0448 [PubMed: 27702962]

DuPont RL, Han B, Shea CL, & Madras BK (2018). Drug use among youth: National survey
data support a common liability of all drug use. Preventive Medicine, 113, 68—73. 10.1016/
j.ypmed.2018.05.015 [PubMed: 29758306]

Elder RW, Lawrence B, Ferguson A, Naimi TS, Brewer RD, Chattopadhyay SK, Toomey TL, ...

& Fielding, J. E. (2010). The effectiveness of tax policy interventions for reducing excessive
alcohol consumption and related harms. American Journal of Preventive Medicine, 38(2), 217-
229.10.1016/j.amepre.2009.11.005 [PubMed: 20117579]

Esser MB, Leung G, Sherk A, Bohm MK, Liu Y, Lu H, & Naimi TS (2022). Estimated deaths
attributable to excessive alcohol use among US adults aged 20 to 64 years, 2015 to 2019. JAMA
Network Open, 5(11), 2239485. 10.1001/jamanet-workopen.2022.39485 [PubMed: 36318209]

Follman S, Arora VM, Lyttle C, Moore PQ, & Pho MT (2019). Naloxone prescriptions among
commercially insured individuals at high risk of opioid overdose. JAMA Network Open, 2(5),
€193209-e193209. 10.1001/jamanetworkopen.2019.3209 [PubMed: 31050777]

Faggiano F, Minozzi S, Versino E, & Buscemi D (2014). Universal school-based prevention
for illicit drug use. Cochrane Database of Systematic Reviews, 12, CD003020.
10.1002/14651858.CD003020.pub3

Frey T, & Roxanne KY (2020). Correct and preferred usage. AMA Manual of Style: A Guide for
Authors and Editors, 11th ed, 11, 505-550. 10.1093/jama/9780190246556.003.0011

Friedman J, Godvin M, Shover CL, Gone JP, Hansen H, & Schriger DL (2022). Trends in drug
overdose deaths among US adolescents, January 2010 to June 2021. JAMA, 327(14), 1398-1400.
10.1001/jama.2022.2847 [PubMed: 35412573]

Grant BF, & Dawson DA (1998). Age of onset of drug use and its association with DSM-IV
drug abuse and dependence: Results from the National Longitudinal Alcohol Epidemiologic
Survey. Journal of Substance Abuse, 10(2), 163-173. 10.1016/s0899-3289(99)80131-x [PubMed:
9854701]

Hadland SE (2019). How clinicians caring for youth can address the opioid-related overdose crisis.
The Journal of Adolescent Health: Official Publication of the Society for Adolescent Medicine,
65(2), 177-180. 10.1016/j.jadohealth.2019.05.008 [PubMed: 31331540]

Hawkins JD, Catalano RF, & Miller JY (1992). Risk and protective factors for alcohol and other
drug problems in adolescence and early adulthood: Implications for substance abuse prevention.
Psychological Bulletin, 112(1), 64-105. 10.1037/0033-2909.112.1.64 [PubMed: 1529040]

Hawkins JD, Jenson JM, Catalano R, Fraser MW, Botvin GJ, Shapiro V, ... Stone S (2016).
Unleashing the power of prevention. American Journal of Medical Research, 3(1), 39.

Henry KL, Knight KE, & Thornberry TP (2012). School disengagement as a predictor of dropout,
delinquency, and problem substance use during adolescence and early adulthood. Journal of Youth
and Adolescence, 41(2), 156-166. 10.1007/s10964-011-9665-3 [PubMed: 21523389]

Hoots BE, Li J, Hertz MF, Esser MB, Rico A, Zavala EY, & Jones CM (2023). Alcohol and
other substance use before and during the COVID-19 pandemic among high school students—
Youth risk behavior survey, United States, 2021. MMWR Supplements, 72(1), 84-92. 10.15585/
mmwr.su7201a10 [PubMed: 37104552]

Jiang X, Guy GP Jr, Dunphy C, Pickens CM, & Jones CM (2021). Characteristics of adults reporting
illicitly manufactured fentanyl or heroin use or prescription opioid misuse in the United States,
2019. Drug and Alcohol Dependence, 229(Pt A), 109160. 10.1016/j.drugalcdep.2021.109160
[PubMed: 34740067]

Jiang X, Govoni TD, Ilig Z, Connolly S, Green JL, & Guy GPJr, (2024). Sources of nonmedically used
prescription psychotherapeutic drugs using real-world data from adolescents and adults assessed
for substance use treatment—-2014-2022. Research in Social and Administrative Pharmacy, 20(2),
209-214. [PubMed: 37919218]

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Jiang et al.

Page 15

Jones CM, Clayton HB, Deputy NP, Roehler DR, Ko JY, Esser MB, Brookmeyer KA, & Hertz MF
(2020). Prescription opioid misuse and use of alcohol and other substances among high school
students—Youth Risk Behavior Survey, United States, 2019. MMWR Supplements, 69(1), 38—46.
10.15585/mmwr.su6901a5 [PubMed: 32817608]

Joynt PY, & Wang GS (2021). Fentanyl contaminated “M30” pill overdoses in pediatric patients. The
American Journal of Emergency Medicine, 50, 811-e3-811.e4. 10.1016/j.ajem.2021.05.035

Kacha-Ochana A, Jones CM, Green JL, Dunphy C, Govoni TD, Robbins RS, & Guy GPJr, (2022).
Characteristics of adults aged =18 years evaluated for substance use and treatment planning
—United States, 2019. MMWR. Morbidity and Mortality Weekly Report, 71(23), 749-756.
10.15585/mmwr.mm7123al [PubMed: 35679167]

Kehinde F, Oduyeye O, & Mohammed R (2019). Could the link between drug addiction in adulthood
and substance use in adolescence result from a blurring of the boundaries between incentive
and hedonic processes? Substance Abuse and Rehabilitation, 10, 33— 46. 10.2147/SAR.S202996
[PubMed: 31372088]

Lord SE, Trudeau KJ, Black RA, Lorin L, Cooney E, Villapiano A, & Butler SF (2011). CHAT:
Development and validation of a computer-delivered, self-report, substance use assessment for
adolescents. Substance Use & Misuse, 46(6), 781-794. 10.3109/10826084.2010.538119 [PubMed:
21174498]

Luciana M, & Ewing SWF (2015). Introduction to the special issue: Substance use and the adolescent
brain: Developmental impacts, interventions, and longitudinal outcomes. Developmental Cognitive
Neuroscience, 16, 1-4. 10.1016/j.dcn.2015.10.005 [PubMed: 26589541]

Levy SJ, Williams JF, Ryan SA, Gonzalez PK, Patrick SW, Quigley J, ... Walker LR (2016). Substance
use screening, brief intervention, and referral to treatment. Pediatrics, 138(1), e20161211—
€20161226. 10.1542/peds.2016-1211 [PubMed: 27325634]

Miech RA, Johnston LD, Patrick ME, O’Malley PM, Bachman JG, & Schulenberg JE (2023).
Monitoring the Future National Survey Results on Drug Use, 1975-2022: Secondary School
Students. Ann Arbor: Institute for Social Research, The University of Michigan. Available at
https://monitoringthefuture.org/wp-content/uploads/2022/12/mtf2022.pdf

Miech RA, Johnston LD, O’Malley PM, Bachman JG, Schulenberg JE, & Patrick ME (2022).
Monitoring the Future national survey results on drug use, 1975-2021: Volume 1, Secondary
school students. Ann Arbor: Institute for Social Research, The University of Michigan. Available
at https://monitoringthefuture.org/wp-content/uploads/2022/08/mtf-voll_2021.pdf

Moore GF, Cox R, Evans RE, Hallingberg B, Hawkins J, Littlecott HJ, Long SJ, & Murphy S (2018).
School, peer and family relationships and adolescent substance use, subjective wellbeing and
mental health symptoms in Wales: A cross sectional study. Child Indicators Research, 11(6),
1951-1965. 10.1007/s12187-017-9524-1 [PubMed: 30524519]

Maynard BR, Salas-Wright CP, & Vaughn MG (2015). High school dropouts in emerging adulthood:
Substance use, mental health problems, and crime. Community Mental Health Journal, 51(3),
289-299. 10.1007/s10597-014-9760-5 [PubMed: 25030805]

Morales KB, Park JN, Glick JL, Rouhani S, Green TC, & Sherman SG (2019). Preference for drugs
containing fentanyl from a cross-sectional survey of people who use illicit opioids in three United
States cities. Drug and Alcohol Dependence, 204, 107547. 10.1016/j.drugalcdep.2019.107547
[PubMed: 31536877]

Nelson J, Bundoc-Baronia R, Comiskey G, & McGovern TF (2017). Facing addiction in America:
The surgeon general’s report on alcohol, drugs, and health: A commentary. Alcoholism Treatment
Quarterly, 35(4), 445-454. 10.1080/07347324.2017.1361763

National Institutes on Drug Abuse (NIDA). (2020). Common Comorbidities with Substance Use
Disorders Research Report. https://www.ncbi.nlm.nih.gov/books/NBK571451/.

National Institute on Drug Abuse (NIDA). (2021a). June 22. Using Alcohol
and Marijuana Together Exacerbates Negative Consequences in Young Adults.

Retrieved from https://nida.nih.gov/news-events/nida-notes/2021/06/using-alcohol-marijuana-
together-exacerbates-negative-consequences-young-adults on 2022, December 22

National Institute on Drug Abuse (NIDA). (2021b). What is fentanyl? https://nida.nih.gov/

publications/drugfacts/fentany!l.

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.


https://monitoringthefuture.org/wp-content/uploads/2022/12/mtf2022.pdf
https://monitoringthefuture.org/wp-content/uploads/2022/08/mtf-vol1_2021.pdf
https://www.ncbi.nlm.nih.gov/books/NBK571451/
https://nida.nih.gov/news-events/nida-notes/2021/06/using-alcohol-marijuana-together-exacerbates-negative-consequences-young-adults
https://nida.nih.gov/news-events/nida-notes/2021/06/using-alcohol-marijuana-together-exacerbates-negative-consequences-young-adults
https://nida.nih.gov/publications/drugfacts/fentanyl
https://nida.nih.gov/publications/drugfacts/fentanyl

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al.

Page 16

National Institute on Drug Abuse (NIDA). (2023). Screening for Substance Use in the Pediatric/
Adolescent Medicine Setting. https://nida.nih.gov/nidamed-medical-health-professionals/science-
to-medicine/screening-substance-use/in-pediatric-adolescent-medicine-setting.

Olfson M, Wall MM, Liu SM, & Blanco C (2018). Cannabis use and risk of prescription opioid
use disorder in the United States. The American Journal of Psychiatry, 175(1), 47-53. 10.1176/
appi.ajp.2017.17040413 [PubMed: 28946762]

Pardo B (2017). Do more robust prescription drug monitoring programs reduce prescription opioid
overdose? Addiction (Abingdon, England), 112(10), 1773-1783. 10.1111/add.13741 [PubMed:
28009931]

Peiper NC, Clarke SD, Vincent LB, Ciccarone D, Kral AH, & Zibbell JE (2019). Fentanyl test
strips as an opioid overdose prevention strategy: Findings from a syringe services program in
the Southeastern United States. The International Journal on Drug Policy, 63, 122-128. 10.1016/
j.drugpo.2018.08.007 [PubMed: 30292493]

Pickens CM, Jones CM, Guy GP, Jr, Govoni, T. D., & Green, J L. (2023). Associations between
prescription stimulant use as prescribed, nonmedical use, and illicit stimulant use among adults
evaluated for substance use treatment, 2017-2021. Drug and Alcohol Dependence Reports, 7,
100153. 10.1016/j.dadr.2023.100153 [PubMed: 37123433]

Roehler DR, Hoots BE, Holland KM, Baldwin GT, & Vivolo-Kantor AM (2022). Trends and
characteristics of cannabis-associated emergency department visits in the United States, 2006—
2018. Drug and Alcohol Dependence, 232, 109288. 10.1016/j.drugalcdep.2022.109288 [PubMed:
35033959]

Rainone G (1993). Youth-at-risk in New York State: Alcohol and drug use findings. Albany, N.Y. New
York State Office of Alcoholism and Substance Abuse Services.

Saladino V, Hélzlhammer L, & Verrastro V (2020). Criminality, substance abuse and problematic
family relations in adolescence. Journal of Addiction Medicine and Therapeutic Science, 6(1),
16-20.

Salcedo D, DiLeo R, & Szydlowski S (2021). Substance use disorders among youth in the juvenile
justice system. J Ment Health Sub Abuse, 2(1), 116.

Sawyer SM, Azzopardi PS, Wickremarathne D, & Patton GC (2018). The age of adolescence. The
Lancet. Child & Adolescent Health, 2(3), 223-228. 10.1016/S2352-4642(18)30022-1 [PubMed:
30169257]

Schoenfeld EM, Westafer LM, & Soares WE (2020). Missed opportunities to save lives—Treatments
for opioid use disorder after overdose. JAMA Network Open, 3(5), €206369-e206369. 10.1001/
jamanetworkopen.2020.6369 [PubMed: 32459351]

Schuler MS, Tucker JS, Pedersen ER, & D’Amico EJ (2019). Relative influence of perceived peer and
family substance use on adolescent alcohol, cigarette, and marijuana use across middle and high
school. Addictive Behaviors, 88, 99-105. 10.1016/j.addbeh.2018.08.025 [PubMed: 30173075]

Simon KM, Levy SJ, & Bukstein OG (2022). Adolescent substance use disorders. NEJM Evidence,
1(6), EVIDra2200051. 10.1056/EV1Dra2200051 [PubMed: 38319247]

Smart RG, & Ogborne AC (1994). Street youth in substance abuse treatment: Characteristics and
treatment compliance. Adolescence, 29(115), 733-745. [PubMed: 7832037]

Spencer MR, Minifio AM, & Warner M (2022). Drug overdose deaths in the United States. NCHS
Data Brief, 457(457), 1-8. 10.15620/cdc:122556

Steinberg L (2007). Risk taking in adolescence: New perspectives from brain and behavioral science.
Current Directions in Psychological Science, 16(2), 55-59. 10.1111/j.1467-8721.2007.00475.x

Sterling S, Andrea HKS, Derek DS, Ashley J, Jennifer M, Anna W, & Constance W (2015).
Implementation of screening, brief intervention, and referral to treatment for adolescents in
pediatric primary care: A cluster randomized trial. JAMA Pediatrics, 169(11), e153145-e153145.
10.1001/jamapediatrics.2015.3145 [PubMed: 26523821]

Substance Abuse and Mental Health Services Administration (SAMHSA). (2022a). Key substance
use and mental health indicators in the United States: Results from the 2021 National Survey on
Drug Use and Health (HHS Publication No. PEP22-07-01-005, NSDUH Series H-57). Center
for Behavioral Health Statistics and Quality, Substance Abuse and Mental Health Services
Administration. https://www.samhsa.gov/data/report/2021-nsduh-annual-national-report

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.


https://nida.nih.gov/nidamed-medical-health-professionals/science-to-medicine/screening-substance-use/in-pediatric-adolescent-medicine-setting
https://nida.nih.gov/nidamed-medical-health-professionals/science-to-medicine/screening-substance-use/in-pediatric-adolescent-medicine-setting
https://www.samhsa.gov/data/report/2021-nsduh-annual-national-report

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jiang et al.

Page 17

Substance Abuse and Mental Health Services Administration (SAMHSA). (2022b). 2021 NSDUH
Detailed Tables. Center for Behavioral Health Statistics and Quality, Substance Abuse and Mental
Health Services Administration. https://www.samhsa.gov/data/report/2021-nsduh-detailed-tables

Tanz LJ, Dinwiddie AT, Mattson CL, O’Donnell J, & Davis NL (2022a). Drug overdose deaths among
persons aged 10-19 years— United States, July 2019—-December 2021. MMWR. Morbidity and
Mortality Weekly Report, 71(50), 1576-1582. 10.15585/mmwr.mm7150a2 [PubMed: 36520659]

Tanz LJ, Dinwiddie AT, Snodgrass S, O’Donnell J, Mattson CL, & Davis NL (2022b). A qualitative
assessment of circumstances surrounding drug overdose deaths during the early stages of the
COVID-19 pandemic. SUDORS Data Brief, (2). https://www.cdc.gov/overdose-prevention/media/
pdfs/SUDORS-Data-Brief-2.pdf

Terranella A, Guy GP Jr., & Mikosz C (2023). Buprenorphine dispensing among youth ageds< 19 years
in the United States: 2015- 2020. Pediatrics, 151(2), €2022058755. 10.1542/peds.2022-058755
[PubMed: 36691760]

Thomas AA, Von Derau K, Bradford MC, Moser E, Garrard A, & Mazor S (2019). Unintentional
pediatric marijuana exposures prior to and after legalization and commercial availability of
recreational marijuana in Washington State. The Journal of Emergency Medicine, 56(4), 398-404.
10.1016/j.jemermed.2019.01.004 [PubMed: 30846215]

Thoele K, Moffat L, Konicek S, Lam-Chi M, Newkirk E, Fulton J, & Newhouse R (2021). Strategies
to promote the implementation of Screening, Brief Intervention, and Referral to Treatment
(SBIRT) in healthcare settings: A scoping review. Substance Abuse Treatment, Prevention, and
Policy, 16(1), 42. 10.1186/s13011-021-00380-z [PubMed: 33975614]

Valkov P (2018). School dropout and substance use: Consequence or predictor. Trakia Journal of
Science, 16(2), 95-101. 10.15547/tjs.2018.02.004

Vandenbroucke JP, EIm EV, Altman DG, Ggtzsche PC, Mulrow CD, Pocock SJ, Poole C,
Schlesselman JJ, & Egger M (2007). Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE): Explanation and elaboration. Annals of Internal Medicine, 147(8),
W163-W194. 10.7326/0003-4819-147-8-200710160-00010-w1 [PubMed: 17938389]

Vosburg SK, Faraone SV, Newcorn JH, Rostain AL, Findling RL, Butler SF, Govoni TD, &

Green JL (2021). Prescription stimulant nonmedical use among adolescents evaluated for
substance use disorder treatment (CHATTM). Journal of Attention Disorders, 25(13), 1859-1870.
10.1177/1087054720943283 [PubMed: 32697138]

Wilson JD, Berk J, Adger H, & Feldman L (2018). Identifying missed clinical opportunities in delivery
of overdose prevention and naloxone prescription to adolescents using opioids. The Journal of
Adolescent Health: Official Publication of the Society for Adolescent Medicine, 63(2), 245-248.
10.1016/j.jadohealth.2018.05.011 [PubMed: 30149925]

World Health Organization (WHO). (2024). Adolescent health. https://www.who.int/health-topics/
adolescent-health#tab=tab_1

Young DW, Dembo R, & Henderson CE (2007). A national survey of substance abuse treatment
for juvenile offenders. Journal of Substance Abuse Treatment, 32(3), 255-266. 10.1016/
j.jsat.2006.12.018 [PubMed: 17383550]

Zhang K, Jones CM, Compton WM, Guy GP, Evans ME, & Volkow ND (2022). Association between
receipt of antidepressants and retention in buprenorphine treatment for opioid use disorder: A
population-based retrospective cohort study. The Journal of Clinical Psychiatry, 83(3), 40692.
10.4088/JCP.21m14001

Subst Use Misuse. Author manuscript; available in PMC 2025 July 29.


https://www.samhsa.gov/data/report/2021-nsduh-detailed-tables
https://www.cdc.gov/overdose-prevention/media/pdfs/SUDORS-Data-Brief-2.pdf
https://www.cdc.gov/overdose-prevention/media/pdfs/SUDORS-Data-Brief-2.pdf
http://www.who.int/health-topics/adolescent-health#tab=tab_1
http://www.who.int/health-topics/adolescent-health#tab=tab_1

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Jiang et al.

Substance use in the lifetime

Page 18

lllegally made fentanyl (n=125)
Heroin (n=154)

Prescription opioid misuse (n=732)
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Figure 1.
Within each category of lifetime substance use, percentage of adolescents reporting past-

year (and past 30-day) overdoses or hospital visits due to drug/alcohol use among all
assessments.

Data Source: The National Addictions Vigilance Intervention and Prevention Program
(NAVIPPRO) Comprehensive Health Assessment for Teens (CHAT). The unit of analysis
was each assessment.
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Marijuana
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Prescription sedatives or tranquilizers misuse

Methamphetamine
Prescription opioid misuse
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Figure 2.
Most common substance used in the past 30 days among assessments completed by

adolescents aged between 10 and 18 years reporting any substance use in the past 30 days?
(N=2,550), 2017-2021°.

Abbreviations: PCP, phencyclidine; GHB, Gamma-Hydroxybutyric acid.

Data Source: The National Addictions Vigilance Intervention and Prevention Program
(NAVIPPRO) Comprehensive Health Assessment for Teens (CHAT). The unit of analysis
was each assessment.

aAny substance use in the past 30-day includes past 30-day use (or prescription medication
misuse) of the following: alcohol, marijuana, heroin, illegally made fentanyl, prescription
opioid misuse, prescription sedative or tranquilizer misuse, prescription stimulant misuse,
cocaine, methamphetamine, hallucinogens, inhalants, ecstasy, Gamma-Hydroxybutyric acid/
Rohypnol, phencyclidine/ketamine, cough sirup, and other unspecified drugs.

bData represents 47.4% of all 9.17.2017-12.31.2021 adolescent CHAT assessments that
reported using the listed substances during the past 30 days.
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Alcohol and marijuana

Marijuana and other unspecified drug

Alcohol, marijuana and other unspecified drug

Alcohol, marijuana and hallucinogens

Marijuana and methamphetamine

Alcohol, marijuana and methamphetamine

Alcohol, marijuana and cocaine
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Figure 3.
Most common substance combinations reported among assessments completed by

adolescents aged 10-18 years reporting use of more than one substance in the past 30

days? (V= 1,284), 2017-2021°.

Data Source: The National Addictions Vigilance Intervention and Prevention Program
(NAVIPPRO) Comprehensive Health Assessment for Teens (CHAT). The unit of analysis
was each assessment.

aUse of more than one substance in the past 30-day includes past 30-day use (or prescription
medication misuse) of at least two of the following: alcohol, marijuana, heroin, illegally
made fentanyl, prescription opioid misuse, prescription sedative or tranquilizer misuse,
prescription stimulant misuse, cocaine, methamphetamine, hallucinogens, inhalants, ecstasy,
Gamma-Hydroxybutyric acid/Rohypnol, phencyclidine/ketamine, cough sirup, and other
unspecified drugs. The remaining unique substance combinations each represented <1% of
all combinations among assessments reporting use of more than one substance during the
past 30 days. Use of more than one substance as displayed in this figure does not necessarily
represent use of substances simultaneously.

bData represents 23.9% of all 9.17.2017-12.31.2021 adolescent CHAT assessments that
reported using more than one substance during the past 30 days.
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