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A B S T R A C T
IMPLICATIONS AND
Purpose: Although estimates of heroin and injection drug use (IDU) among U.S. adolescents have
remained low and stable, national data may mask local variation in use. Adolescent use may be
higher in urban areas, many of which have historically high rates of heroin use and IDU. We
investigate trends in heroin use and IDU among 9the12th grade students in major urban centers in
the U.S.
Methods: We used local Youth Risk Behavior Survey data from all large, urban school districts (n ¼
9) with at least 5 years of weighted, publicly available data. We used time series mean estimation
to estimate the prevalence of heroin use and IDU among high school students from 1999 to 2017
and used logistic regression to test for linear and quadratic trends.
Results:We observed statistically significant linear increases in (1) lifetime heroin use in New York
(b ¼ .43, 1%e3.9%), Chicago (b ¼ .15, 3.1%e4.6%), and Milwaukee (b ¼ .35, 2.8%e7.4%); and (2)
lifetime IDU in New York (b ¼ .34, .8%e2.7%), Orange County (b ¼ .17, 2.2%e3.5%), and Miami-Dade
County (b ¼ .16, 2.7%e3.9%). Only San Bernardino experienced significant decreases in heroin use
(b ¼ �.34, 4.6%e1.6%) and IDU (b ¼ �.20, 2.5%e1.9%) over the time period.
Conclusions: In contrast to national trends, the prevalence of heroin use is increasing among
adolescents in certain urban centers in the U.S. Our results illustrate that national averages mask
local variation in adolescent heroin use. Further research with locally representative samples is
needed to inform public health policy and practice, especially in cities where heroin problems have
been historically endemic and continue to rise.
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In contrast to low and
stable national trends, this
study identified increases
in heroin and injection
drug use among 9the12th
graders in some urban
centers. Findings highlight
the importance of under-
standing local variation in
adolescent drug use to
effectively combat the
ongoing opioid epidemic
through public health
programming.
The U.S. is currently facing an unprecedented opioid overdose
crisis. Research with adults has documented transitions from
nonmedical prescription opioid use (NMPO) to heroin [1,2],
substantial increases in unintentional overdose deaths [3,4], and
surges in injection drug use (IDU) and HIV/Hepatitis C virus
outbreaks [5]. Additional research shows an increased preva-
lence of opioid use in previously unaffected sociodemographic
groups and localities, such as white males in rural areas [6,7].
Although research has documented the geographic context of
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the opioid epidemic among adults, most research on adolescents
has been done using national samples [8e12]. Studies using
national data from large-scale substance use surveysdsuch as
the Monitoring the Future (MTF) survey and Youth Risk Behavior
Survey (YRBS)dindicate that adolescent heroin use has been
relatively low (w2%) and stable over time [8,13]. Little research
has examined local trends in adolescent opioid use, and even less
work studies the effects of this epidemic among adolescents who
live in urban areas where heroin use has been endemic for de-
cades [14e17].

The lack of literature around adolescent opioid use repre-
sents an important limitation in our understanding of adverse
health outcomes stemming from this epidemic. Heroin use
accounts for the largest share of opioid overdoses among ado-
lescents, is associated with IDU and NMPO use, and leads to
numerous negative health and social outcomes [5,18e20].
Adolescents who initiate heroin use are more likely to be sus-
pended from school or drop out, report experiencing depressive
symptoms, and have health problems [20]. Considering that
urban environments are associated with increased availability
and exposure to drugs [21] and a range of social determinants
associated with vulnerability to substance use and substance
use disorders (e.g., poverty), studying adolescent heroin use in
urban jurisdictions is critical.

Studies with adult populations demonstrate significant
geographic variation in opioid and heroin use [22,23], and our
research will address whether similar geographic variation exists
for adolescent heroin use.

In addition to understanding regional variation in heroin
use, studying the route of administration used by adolescents
is critical because each route confers unique risks. Injection is a
common route of heroin administration and is associated with
escalation to opioid use disorder [20,24,25]. The health con-
sequences of injection are numerous and include vascular
scarring (“track marks”) and disease transmission from un-
sterilized equipment, with one study showing that 68% of
confiscated heroin contained bacterial pathogens linked to the
development of skin abscesses and infections [26,27].
According to the 2017 MTF survey, among 12th graders who
reported lifetime use of heroin (.6%), one-third reported only
using with a needle, one-third reported never using a needle,
and one-third reported both injecting and noninjection routes
of administration [10]. Recently, Klevens et al. [28] published
the first study to examine trends in adolescent IDU from 1999
to 2013 at the national and local level. They showed that
although IDU had not increased nationally, higher levels of IDU
were found within specific cities, underscoring the value of
local data. Understanding IDU among adolescents is critical to
prevention of HIV and Hepatitis C virus and escalation from
opioid use to opioid use disorder.

To date, the literature on local variation in adolescent heroin
and IDU in the U.S. is limited. To our knowledge, no study has
examined the prevalence of adolescent heroin use at the local
level. A focus on national data is insufficient to identify emerging
local trends and can delay public health responses to new crises.
Monitoring adolescent heroin use in urban areas is key to iden-
tifying early opportunities to intervene and prevent geographic
disparities in health and psychosocial outcomes in youth. To
address these gaps in the literature, we investigated trends in the
prevalence of lifetime adolescent heroin use and IDU in nine
urban school districts across the U.S.
Methods

Weestimated theprevalenceof lifetimeheroinand IDUamong
high school students (grades 9e12) in nine local YRBS school
districts and tested for changes over time between 1999 and 2017.

Data source

Data for this study came from the YRBS, a cross-sectional,
biennial survey managed by the Centers for Disease Control
and Prevention (CDC) [29]. The YRBS is a school-based survey
that uses multistage, cluster sampling to obtain a representative
sample of high school students at the national, state, and local
levels in the U.S. [30]. The YRBS is the only national survey of
adolescent substance use that provides locally representative
estimates for public use. The local YRBS surveys large, urban
school districts in select cities and counties that choose to
participate. Students are voluntary participants and complete an
anonymous self-administered survey. This deidentified data
were exempt from review from the Johns Hopkins Bloomberg
School of Public Health Institutional Review Board.

Analytic sample and inclusion criteria

The CDC requires that all participating YRBS school districts
have a minimum overall survey response rate of at least 60% in
order for the CDC to weight their data by sex, grade, and race/
ethnicity to produce locally representative estimates [31]. The
60% response rate is the product of school response rate (i.e.,
participating schools divided by all sampled) and individual
response rate (participating students divided by number of stu-
dents in the sampled classrooms). We included data from all
large, urban school districts that (1) consented to have their YRBS
survey data publicly available, (2) included items on heroin use,
and (3) had at least five consecutive years of weighted data to
allow us to estimate trends over time. Heroin use was first
measured in the YRBS in 1999; therefore, we have included all
available survey years from 1999 to 2017. We excluded six dis-
tricts that did not meet these criterion (Supplemental Table 1).
Our analytic sample comprised nine urban school districts:
Broward County (FL), Chicago (IL), Dallas (TX), Miami-Dade
County (FL), Milwaukee (WI), New York City (NY), Orange
County (FL), San Bernardino (CA), and San Diego (CA). Overall
responses rates varied from 61% to 90% across districts
(Supplemental Table 1). Within our analytic sample, some dis-
tricts had missing years of data for heroin use or IDU because
they declined to participate in the YRBS that year or because their
data were not weighted (<60% response). Milwaukee did not
collect data on IDU. Finally, we excluded students with missing
responses for heroin use (5%) and IDU (9.6%, excluding Milwau-
kee). The sample size for lifetime heroin use was 180,552 and for
IDU was 172,373.

Measures

Lifetime heroin use. Students were asked about lifetime heroin
use “During your life, howmany times have you used heroin (also
called smack, junk, or China White)?” and given six response
choices of 0 times,1 or 2 times, 3 to 9 times,10 to 19 times, 20 to 39
times, and 40 ormore times. From this, wederived a dichotomous
variable for lifetime heroin use (ever/never).
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Lifetime IDU. IDU was assessed by asking “During your life, how
many times have you used a needle to inject any illegal drug into
your body?” with three responses of 0, 1, or 2 or more times.
Again, we derived a dichotomous variable indicating any lifetime
IDU (ever/never).

Statistical analyses

All analyseswere performed in STATA/IC version 14.2 [32].We
estimated the prevalence and 95% confidence intervals (CIs) of
lifetime heroin and IDU at each time point, using Stata’s “svy”
package for survey proportion estimation [33]. This allowed us to
produce estimates that were appropriately adjusted for complex
samplingdesignof theYRBS, byaccounting for clusteredsampling
or nonzero survey weights [33]. The CDC procedure for assigning
survey weights to all YRBS data is described in detail elsewhere
[30]. We used logistic regression to assess linear and quadratic
trends over time, using a contrast command to assign orthogonal
polynomial coefficients. The contrast command conducts an
analysis of varianceestyle test for trends and can be used to test
for simple, nested, and interactioneffects [32,34]. In theevent that
a YRBS districtwasmissing a year in their time trend (i.e., 2015 for
Chicago, IL), we were unable to run trend analysis if there were
less than 2 years after the missing timepoint. If there were less
than two timepoints, we ran trend analysis up until the most
recent survey year (i.e., 2013 for Chicago, IL).

Results

Heroin use

The highest mean prevalence of lifetime heroin use across
years were found inMilwaukee,WI (4.5%, 95% CI: 3.80e5.31) and
Chicago (3.58%, 95% CI: 3.03e4.22; Table 1). New York City, NY,
had the lowest average prevalence of heroin use (2.11%, 95%
CI:1.93e2.31). Despite variability in lifetime heroin use across
individual districts, heroin use trends mirrored trends in lifetime
IDU in every district (Figure 1). Miami-Dade County, FL, had no
significant trends over time. Three districts showed significant
linear increases overtime: New York City (b ¼ .43, p < .0001),
Chicago, IL (b ¼ .15, p ¼ .02), and Milwaukee, WI (b ¼ .35, p ¼
.0001). Only one district, San Bernardino, CA, had a significant
linear decrease (b ¼ �.34, p ¼ .0001) in the rate of heroin use
over time and no quadratic trend (b ¼ .04, p ¼ .72). A positive
quadratic trend for heroin use was found in three districts, Bro-
ward County (b ¼ .15, p ¼ .05) and Miami-Dade County, FL,
starting in 2011 (b ¼ .16, p ¼ .01) and San Diego, CA (b ¼ .49, p <

.0001); however, neither of these localities had statistically sig-
nificant linear trends over time. Dallas, TX, was the only locality
with both a marginally significant linear (b ¼ .14, p ¼ .06) and a
significant quadratic trend (b ¼ �.15, p ¼ .02), indicating that
there was a modest increase in heroin use that slowed over time.
However, these Dallas trends were likely due to the peak in 2007
that normalized in the next survey year.

Injection drug use

Chicago, IL, had the highest mean prevalence of lifetime IDU
use (2.73%, 95% CI: 2.36e3.15), whereas Dallas, TX, had the lowest
mean prevalence (1.85%, 95% CI:1.54e2.21; Table 2). Despite
variability in lifetime IDU among individual districts, IDU trends
mirrored heroin trends in each district (Figure 1). Broward



New York, NY Broward County, FL Orange County, FL

Miami-Dade County, FL Dallas, TX Chicago, IL

Milwaukee, WI San Bernardino, CA San Diego, CA

Heroin Use Injection Drug Use 

Figure 1. Trends in the prevalence of heroin and injection drug use among 9the12th graders, 1999e2017, by urban center. Trends in lifetime heroin and IDU
follow one another over time in all districts, suggesting there is overlap in their use.
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County, FL, did not have any significant trends over time. Three
districts showed significant linear increases over time: New York
City, NY (b ¼ .34, p < .0001), Orange County, FL (b ¼ .17, p ¼ .02),
andMiami-DadeCounty, FL (b¼ .16,p¼ .01). Onlyonedistrict, San
Bernardino, CA, had a significant linear decrease (b ¼ �.20, p ¼
.05) over time, and no quadratic trend (b ¼ �.03, p ¼ .78). Sig-
nificant quadratic trends were found in three districts, Dallas, TX
(b¼�.16,p¼ .02), SanDiego, CA (b¼�.12,p¼ .04), andChicago, IL
(b ¼ �.17, p ¼ .05) but were unaccompanied by significant linear
trends that would make them meaningful to interpretation.

Discussion

This study assessed trends in heroin and IDU among adoles-
cents using data from urban across the country, providing an
important first step toward understanding local variation in
substance use in the context of the ongoing opioid crisis. We
identified increases in heroin use over time in New York, Chicago,
and Milwaukee and increases in IDU in New York, Orange
County, and Miami-Dade County. San Bernardino was the only
locality with a decrease over time in both heroin and IDU. These
findings suggest that the prevalence of heroin use and IDU
among adolescents is increasing in some urban centers of the U.S.
Moreover, in all nine urban centers, we found that patterns of
heroin use and IDU mirrored each other and moved together
over time. Although more research is needed, this suggests that
heroin use may account for a large portion of all IDU among
adolescents.

There are several city-level risk factors that could contribute
to an explanation of disparities in prevalence, such as historical
differences in endemic heroin issues, drug availability, norms
and attitudes around drug use, and other secular trends.
Although investigating such explanations is beyond the scope of
this study, future research should explore how these different
factors have contributed to emerging trends in adolescent heroin
use so that we can develop effective public health interventions.
With that said, we did attempt to understand why San Bernar-
dino, CA, was the only district that had decreases in both heroin
and IDU. There were no significant changes in sample size be-
tween years in this city. Furthermore, state policy explanations,
such as the legalization of cannabis, cannot account for these
findings, especially because San Diego would have also been
affected by California state laws. There was no clear explanation
available in our data for these trends; therefore, future research is
needed to understand this phenomenon. However, our results
from 2001 to 2013 are consistent with current trends in San
Bernardino County from 2014 to 2016. In contrast with the rest of
the state of California, San Bernardino experienced decreases in
heroin-related emergency department visits [35]. Health experts
in San Bernardino county believe that the increase in prescrip-
tion opioid misuse has led to more young people using heroin
and have implemented taskforces to prevent opioid overdose.
However, health officials cannot explain why San Bernardino
experienced a decrease in emergency department visits,
compared with remaining counties that have implemented
similar efforts [35,36]. Understanding what has been effective in
curbing adolescent heroin and inject drug use in San Bernardino
could provide key insights into interventions that may be effec-
tive elsewhere.

Contextualizing these findings with the current literature,
although limited, is important. Compared with a recent study
examining local trends in IDU using YRBS data, our study also
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found a significant increase in IDU in New York City and Miami-
Dade, FL [28]. Although this study only examined IDU trends, our
study extends these findings by revealing the overlap between
IDU and heroin use in these two urban centers. A key finding of
this study is the observation that adolescent heroin and IDU
trends overlap and follow a similar pattern over time. Although
the YRBS question on IDU does not ask about the specific drug
used, our results strengthen the hypothesis that many adoles-
cents that use heroin are injecting it. Indeed, the MTF survey
found that 66% of 12th grade who used heroin reported injecting
it with a needle [10]. Descriptive studies confirm that white race,
parental drug use, and witnessing peers inject heroin are
significantly associated with transition to IDU, and youth are
more likely to report poor health status and drop out of school
following this shift [15,20]. Although establishing risk factors of
adolescent IDU is critical, additional research should determine
the prevalence of injection and noninjection routes of heroin use
among subgroups of adolescents. Because the MTF survey does
not collect local data for adolescent substance use, we cannot
directly compare our estimates. However, according to the 2018
MTF survey, trends of heroin use by injection peaked at 1.8% in
2000 and have declined steadily among all students to .4% in
2018. On the other hand, the MTF reports overall heroin use has
been declining since 2010, reaching its lowest levels in 2016 (.6%)
and remaining stable since [37]. This prevalence is lower than the
1.7% obtained from the 2017 National YRBS. This is because the
YRBS obtains higher estimates than MTF for 10th and 12th
graders, making their point estimates higher, but findings across
both surveys are similar when comparing and identifying sub-
groups with higher risk profiles [38].

The results of this study should be considered in light of a few
limitations. Wewere unable to include NMPO use in this analysis
because no large-scale adolescent surveillance survey collected
this information at the local level before 2017 when the YRBS
added a question on pain medications. Although this study is
unable to comment on potential relationships between pre-
scription opioids, heroin, and IDU among adolescents, there are
data describing that adolescents may transition from NMPO to
heroin use and IDU [8,9,11,12]. In addition, because the behaviors
in question are highly stigmatized and local datasets may have
less observations thannational-level datasets, insufficient sample
size and conservative response bias may contribute to concern
about the precision of estimates. Because the YRBS is adminis-
tered in schools, students who are absent, truant, or who have
dropped out are likely to bemissed; these youth have the highest
risk of heroin and IDU initiation. Therefore, our results probably
underestimate the true prevalence of adolescent heroin use and
IDU. Nonetheless, our study is an important first step in under-
standing local variations in trends in adolescent heroin and IDU.

In conclusion, our study highlights two key findings and im-
plications for future research. First, there is a clear need to
consider local data in evaluation of adolescent substance use
trends, especially in the context of the ongoing opioid epidemic.
Researchers should devote additional attention to localities and
geographic regions that may have an endemic heroin problem.
Second, we need to collect additional surveillance data on
adolescent opioid use, including route of administration, to fully
understand regional nuances and effectively implement public
health solutions. Future research should continue to address
local variation in adolescent drug use to fill the existing sur-
veillance gap. More extensive surveillance will help public health
practitioners better understand the epidemiology of opioid use
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among adolescents and make informed program and policy de-
cisions to promote health and well-being.
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