American Journal of Epidemiology

Vol. 191, No. 11

Public Health. All rights reserved. For permissions, please e-mail: journals.permissions @ oup.com.

Advance Access publication:
August 9, 2022

M © The Author(s) 2022. Published by Oxford University Press on behalf of the Johns Hopkins Bloomberg School of s //doi.org/10.1093/aje/kwaci 32

Original Contribution

The Initiation and Developmental Course of Prescription Drug Misuse Among
High School Athletes During the Transition Through Young Adulthood

Philip T. Veliz*, John E. Schulenberg, Jen Zdroik, Kennedy Star Werner, and

Sean Esteban McCabe

* Correspondence to Dr. Philip T. Veliz, Center for the Study of Drugs, Alcohol, Smoking and Health, School of Nursing,
University of Michigan, 400 North Ingalls, Ann Arbor, Ml 48109 (e-mail: ptveliz@ umich.edu).

Initially submitted December 1,2021; accepted for publication July 21, 2022.

The objective of this study was to examine the extent to which involvement in high-contact, semicontact, or
noncontact sports during the 12th grade is associated with the initiation and developmental course of prescription
drug misuse (PDM) between ages 17/18 years and 27/28 years. Data were collected from a national multicohort
panel sample of US 12th-graders (cohorts 2006-2017; n = 4,772) from the Monitoring the Future Study who
were followed for a decade, through age 27/28 years. Approximately 31% of high school seniors indicated PDM
at baseline (age 17/18 years). While past-year PDM remained relatively stable between ages 17/18 years and
27/28 years, participation in both noncontact (adjusted odds ratio = 1.40, 95% confidence interval: 1.02, 1.91)
and contact (adjusted odds ratio = 1.57, 95% confidence interval: 1.08, 2.28) sports in the 12th grade increased
the odds of initiating prescription stimulant misuse during the 10 years following high school as compared with
respondents who did not participate in these types of sports in the 12th grade. To our knowledge, this is the
first national study to have assessed how sports participation during high school is associated with the initiation
and developmental course of PDM from adolescence to young adulthood. These findings reinforce the need for
PDM screening during adolescence, as nearly 1 in 3 high school seniors engage in PDM. Increased prescription
stimulant misuse following high school warrants ongoing monitoring during young adulthood, especially among

athletes.

high school athletes; high school sports; prescription drug misuse; United States; young adulthood

Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; GEE, generalized estimating equations; MSA, Metropolitan
Statistical Area; MTF, Monitoring the Future; OR, odds ratio; PDM, prescription drug misuse.

More than 1 in 10 young adults aged 18-25 years report
past-year prescription drug misuse (PDM) in the United
States (1-5). PDM most commonly involves the misuse of
prescription opioids, stimulants, and sedatives/tranquilizers
and is most prevalent during the transition to adulthood
(4, 5). While some types of PDM have decreased among
adolescents and young adults in recent years (5, 6), there
is continuing concern that the high prevalence of PDM
places many adolescents and young adults at risk for adverse
outcomes as they age into adulthood, with misuse of pre-
scription opioids reported by 3.8% of adolescents and 7.8%
of young adults (7-10).

Of particular concern are high-school athletes who par-
ticipate in sports that involve high levels of contact (i.e.,

football, ice hockey, lacrosse, and wrestling). Several studies
have shown that adolescents involved in competitive con-
tact sports during high school have an increased risk of
engaging in PDM of both opioids and stimulants (11-13).
The greater risk of misusing prescription opioid analgesics
may be related to the fact that participants in contact sports
typically have the highest rate of severe injury among high
school athletes (14) and may be more likely to have been
prescribed opioids for injury and surgery. Previous research
has demonstrated that the odds of prescription opioid misuse
are 1.5 times higher among high school students who have
experienced concussion due to sports or physical activity
than among those without a history of concussion (15).
Moreover, youth who participate in contact sports may be
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surrounded by peers who are more likely to have leftover
prescription opioids, making it easier to receive diverted
prescription opioids to ease injuries without having to alert
parents and coaches that they need medical attention (1, 3,
16, 17). With respect to misuse of prescription stimulants,
high school athletes in some contact sports may be engaging
in a form of positive deviance (i.e., performance enhance-
ment) (18). In particular, some sports socialize participants
to a set of normative behaviors that facilitate overconformity
(e.g., using performance-enhancing drugs to be the best);
athletes in highly competitive and masculinized sports will
be more accepting of engaging in certain forms of positive
deviance like misuse of prescription stimulants and other
performance-enhancing drugs, because their identities rely
on highly skilled and focused performances in these sports
(1, 2, 19, 20). Moreover, peers within these contexts may
reinforce norms that it is acceptable to engage in PDM of
stimulants and may provide both access to and knowledge
on how to use these types of drugs (21).

While many factors may be driving this association
between PDM and adolescent athletes involved in contact
sports, it must be recognized that high school athletes who
participate in these types of sports are at greater risk of
engaging in other common types of substance use, and
thus the association may simply reflect the fact that these
athletes are more prone to engaging in risky behaviors
(22, 23). Given this increased risk of substance misuse
among adolescents within contact sports, it is necessary
to investigate whether exposure to these types of sporting
contexts during high school increases the risk of PDM
and the initiation of PDM as adolescents transition into
young adulthood. Notably, there is a dearth of PDM research
assessing how high school participation in certain types of
sports shapes the initiation and developmental course of this
type of drug misuse. In order to address this knowledge gap,
we used US national longitudinal data from the Monitoring
the Future Study to examine the extent to which involvement
in sports in high school is associated with PDM across
the transition to adulthood, accounting for other types of
substance-use behaviors and sociodemographic variables.
There were 2 purposes of this study: 1) to assess the asso-
ciations between playing high-contact (football, ice hockey,
lacrosse, or wrestling), semicontact (baseball, basketball,
field hockey, or soccer), or noncontact (cross-country
running, gymnastics, swimming, tennis, track, volleyball, or
weight-lifting) sports during the 12th grade and the initiation
of PDM in the decade following high school; and 2) to assess
how the different types of sports (based on level of contact)
were associated with the developmental course of PDM after
high school (age 17/18 years through age 27/28 years).

METHODS
Study design

This study used US national panel data from the Moni-
toring the Future (MTF) Study; detailed information on the
project design and sampling methods is provided elsewhere
(5, 6). Based on a multistage sampling procedure, MTF
surveys nationally representative samples of approximately
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17,000 US high school seniors each year using question-
naires administered in classrooms during the school day.
The response rates at baseline (12th grade; modal age 17/18
years) ranged from 79% to 85% (6). Approximately 2,450
students from each yearly high school senior sample were
randomly selected for biennial follow-up. A random half of
the follow-up sample began biennial follow-up the following
year (model age 19 years), while the other half began bien-
nial follow-up 2 years after their senior year (modal age 20
years). Mailed questionnaires were used to collect data at 5
follow-up modal ages (hereafter referred to simply as ages):
19/20, 21/22, 23/24, 25/26, and 27/28 years. Drug users
were oversampled for follow-up at 3 times the rate of non—
drug users, and appropriate weights were then used to best
approximate population estimates in the follow-ups. The
attrition rate for the different cohorts in the MTF panel study
from base year to the first follow-up was approximately
50%, with approximately 3% attrition from the first follow-
up to the second follow-up (5). Accordingly, all analyses
(excluding the sample characteristics presented in Table 1)
incorporated nonresponse adjustments (i.e., attrition weights
based on nonresponse at first follow-up) to the panel weights
(i.e., unequal probabilities of selection into the panel sample)
to explicitly account for MTF covariates that have been
shown to be associated with nonresponse at future follow-
ups (24-26).

Sample

Questions regarding participation in specific competitive
sports were added to the 12th-grade surveys in 2006 and
were included on only 1 of the 6 randomly distributed ques-
tionnaire forms (form 5). Accordingly, the current study
drew on 4,772 respondents (this included respondents who
participated in sports during the 12th grade and those who
did not) from 12 recent longitudinal cohorts (2006-2017)
who were eligible to complete at least 1 follow-up past
their 12th-grade year. Earlier cohorts (i.e., 2006-2007) were
able to complete the age 19/20, 21/22, 23/24, 25/26, and
27/28 follow-ups, while more recent cohorts (i.e., 2014—
2017) have only been able to complete at least the age 19/20
or 21/22 follow-up. Because of the structure of the data,
all fully adjusted models accounted for cohort year. The
unweighted demographic characteristics of respondents are
shown in Table 1.

Measures

PDM (time-varying outcome). Past-year PDM was mea-
sured at baseline and at each follow-up with identical ques-
tions based on separate measures assessing past-year misuse
of prescription opioids, stimulants, and sedatives/tranquiliz-
ers (i.e., “[Have you] ... taken any ... on your own—that
is, without a doctor telling you to take them?”). Respondents
were provided a list of several generic and brand-name
examples for each of the prescription drug classes (e.g.,
hydrocodone, oxycodone, and codeine for prescription opi-
oids). The response scales for the questions ranged from no
occasions (1 point) to 40 or more occasions (7 points). Each
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Table 1. Baseline Characteristics of the Panel Sample (n = 4,772), Monitoring the Future Study, 2006-2017

Full Sample
Baseline (Age 17/18 Years) Participated in Did l\!ot Participate
Variable Available Data Missing Data Sports in Sports P Value?
% No.P % No. % No.P % No.?
Overall sports participation 12.3 586
Participated in at least 1 sport 68.1 2,851 N/A N/A N/A N/A
Did not participate in any sports 31.9 1,335 N/A N/A N/A N/A
Type of sports participation 12.3 586
Contact sports 20.0 836 N/A N/A N/A N/A
Semicontact sports 35.1 1,471 N/A N/A N/A N/A
Noncontact sports 35.0 1,465 N/A N/A N/A N/A
Lifetime nonmedical PDM at baseline
PDM of opioids 18.2 858 1.4 65 17.3 489 19.3 255 0.135
PDM of stimulants 18.9 891 1.1 52 18.0 509 19.4 258 0.274
PDM of tranquilizers/sedatives 19.8 937 0.9 42 17.5 496 22.8 303 0.001
Any PDM 30.9 1,466 0.7 33 29.2 829 33.2 442
Sex 0.6 28
Male 48.6 2,306 53.5 1,519 35.2 468
Female 51.4 2,438 46.5 1,321 64.8 863
Race/ethnicity 0.0 0
White 60.5 2,886 64.3 1,833 57.8 772
Black 11.0 525 9.8 280 11.1 148
Hispanic 15.4 736 12.9 368 18.1 242
Other 13.1 625 13.0 370 13.0 173
Grade point average 3.3 156 0.001
B— or higher 82.8 3,824 86.4 2,429 78.8 1,039
C+ or lower 17.2 792 13.6 382 21.2 279 0.01
Parents’ level of education 4.2 199 0.001
Less than a college degree 48.8 2,233 43.2 119 57.8 736
College degree or higher 51.2 2,340 56.8 1,574 42.2 537
Urbanicity 0.0 0 0.001
Large MSA (urban) 29.8 1,424 29.1 831 29.6 395
Other MSA (suburban) 48.9 2,332 47.9 1,367 49.9 666
Non-MSA (rural) 21.3 1,016 22.9 653 20.5 274
US region 0.0 0
Northeast 18.3 872 17.5 499 15.1 201
Midwest 23.5 1,123 251 717 23.8 318
South 38.1 1,816 37.6 1,072 40.6 542
West 20.1 961 19.7 563 20.5 274
Cohort year® 0.0 0 0.01
2006-2009 34.7 1,657 35.5 1,031 315 420
2010-2013 35.0 1,668 35.8 1,021 35.4 472
2014-2017 30.3 1,447 28.7 817 33.2 443

Abbreviations: MSA, Metropolitan Statistical Area; N/A, not applicable; PDM, prescription drug misuse.
a Significance tests were based on %2 tests of independence.

b Sample sizes vary in comparison with the total sample because of missing data across items.

¢ Year of entering the survey at age 17/18 years.

Am J Epidemiol. 2022;191(11):1886-1896



Prescription Drug Misuse Among High School Athletes 1889

measure was recoded as a binary variable for the analyses.
In order to assess any PDM, respondents who indicated any
type of PDM were flagged as engaging in past-year PDM.

Type of competitive sports participation during the 12th
grade (time-invariant). ~ Several variables were used to mea-
sure participation in different types of competitive sports
based on the level of contact. The MTF survey asks ado-
lescents which competitive sports they have participated in
during the past 12 months, either in their school or in the
community. Respondents can indicate whether they have
participated in specific sports, including baseball, basket-
ball, cross-country running, field hockey, football, gymnas-
tics, ice hockey, lacrosse, swimming, soccer, tennis, track,
volleyball, weight-lifting, or wrestling (there was an addi-
tional response option indicating “none’””). These questions
were grouped into 3 unique categories that captured the
amount of contact participants experience within certain
types of sports; these categorizations have been used in prior
studies (22, 23) and align with the classifications outlined by
the Council on Sports Medicine and Fitness (27). The first
category, high-contact sports, includes sports that involve a
great deal of physical contact. Respondents who indicated
that they had participated in football, ice hockey, lacrosse,
or wrestling during the past year were included within this
category. The second category, semicontact sports, includes
sports that involve sporadic contact. If adolescents indicated
participating in baseball, basketball, field hockey, or soccer,
they were included within this category. The final category,
noncontact sports, includes sports where no contact can
occur between participants. Respondents who indicated par-
ticipating in cross-country running, gymnastics, swimming,
tennis, track, volleyball, or weight-lifting were included
within this category.

Note that the variables constructed to capture the level of
contact within these 3 groupings of competitive sports are
not mutually exclusive—namely, they are treated as 3 sepa-
rate binary indicators: 1) participates in contact sports versus
does not participate in contact sports (reference group);
2) participates in semicontact sports versus does not partic-
ipate in semicontact sports (reference group); and 3) par-
ticipates in noncontact sports versus does not participate
in noncontact sports (reference group). Adolescents could
indicate participating in multiple types of sports (it was
possible for respondents to be engaged in both contact sports
and noncontact sports). We also note that nonparticipants
are included in this conceptualization; however, they do not
represent a unique reference group (i.e., “does not participate
in sports”). For example, the reference group for the indica-
tor “participates in contact sports” included all respondents
who did not indicate participating in this type of activity
(i.e., nonparticipants and respondents who participated in
other types of sports). The multivariable analytical models
included each type of sport (i.e., contact, semicontact, and
noncontact) in the analyses (simultaneously) to control for
this overlap in participation.

Covariates (time-invariant). ~Sociodemographic variables
included the following: sex (male, female), race/ethnicity
(White, Black, Hispanic, other), US Census geographic
region (Northeast, Midwest, South, West), urbanicity based
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on Metropolitan Statistical Area (MSA) (large MSA
(urban), other MSA (suburban), non-MSA (rural)), parental
education (neither parent graduated from a 4-year college,
at least 1 parent graduated from a 4-year college), average
grade in high school (C+ or lower, B— or higher), and cohort
year.

Covariates (time-varying). Additional control variables
assessed at baseline and at each follow-up included past-30-
day cigarette use, past 2-week binge drinking, past 30-day
marijuana use, and whether the participant was currently
attending college.

Data analysis

Descriptive statistics, unadjusted odds ratios, and adjusted
odds ratios (AORs) were generated in Stata 17.0 (StataCorp
LLC, College Station, Texas) to examine the association be-
tween different types of competitive sports participation
during the 12th grade and the prevalence of past-year PDM
between age 17/18 years and age 27/28 years. First, weighted
percentages of respondents reporting past-year PDM use
at ages 17/18, 19/20, 21/22, 23/24, 25/26, and 27/28 years
were estimated and graphed (95% confidence intervals (CIs)
were based on standard errors obtained using Taylor lin-
earization). Second, logistic regression models were fitted
using the generalized estimating equations (GEE) method
(28, 29) with an exchangeable correlation structure to assess
whether different types of competitive sports participation
were associated with initiation of PDM in young adulthood
(i.e., from age 19/20 years to age 27/28 years; time-varying
outcome); logistic regression models using GEE were fit-
ted among respondents who indicated no history of PDM
at age 17/18 years (baseline). This was assessed for each
type of past-year PDM and any type of PDM (e.g., only
respondents who indicated no prior history of opioid PDM
at age 17/18 years were included in the analyses assessing
opioid PDM between ages 19/20 years and 27/28 years;
only respondents who indicated no prior history of any PDM
at age 17/18 years were included in the analyses assessing
any past-year PDM between ages 19/20 and 27/28 years).
Both AORs and 95% ClIs are reported for the GEE models.
Third, additional GEE models were fitted using the full
sample (persons with and without a history of PDM at
baseline (age 17/18 years)) to assess the association between
different types of competitive sports participation and past-
year PDM during this 10-year period in early adulthood
(ages 17/18-27/28 years) when accounting for the key con-
trol variables. Finally, additional analyses also assessed the
effects of interaction between cohort and sport type (i.e.,
cohort x sport type) to determine whether the association
between participation in certain types of sports and PDM
was moderated by cohort (i.e., 2006-2009, 2010-2013, or
2014-2017).

All descriptive (excluding the sample characteristics
presented in Table 1), bivariate, and multivariable analyses
were weighted to adjust for differential attrition at the first
follow-up (i.e., age 19/20 years) (26); similar approaches
for the proposed analyses have been used in prior studies
using the MTF panel (30, 31). The University of Michigan
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Institutional Review Board deemed this study exempt from
human subjects review because deidentified data were used.

RESULTS

Overall age-related pattern of past-year PDM prevalence
from age 17/18 years to age 29/30 years

Approximately 31% of respondents in the sample indi-
cated some type of lifetime PDM at baseline (i.e., age 17/18
years). Figure 1 shows the pattern of past-year PDM by age.
Overall, past-year PDM (any) was relatively stable from
age 17/18 years (15.5%, 95% CI: 14.5, 16.5) through age
27/28 years (13.8%, 95% CI: 11.7, 17.3). Only PDM of
opioids was found to decrease between age 17/18 years
(8.3%, 95% CI: 7.6, 9.1) and age 27/28 years (4.5%, 95%
CI: 3.0, 6.7) among the full sample. Moreover, respondents
who participated in contact sports at age 17/18 years had
higher past-year prevalence of any PDM at ages 19/20 years
(20.6%, 95% CI: 16.0, 26.1) and 21/22 years (25.0%, 95%
CI: 19.5, 31.5) when compared with the full sample, but had

similar past-year prevalences at age 17/18 years and between
ages 23/34 and 27/28 years. No age differences were found
between respondents who participated in semicontact and
noncontact sports during high school when compared with
the full sample. Finally, specific age differences in past-year
PDM opioid and stimulant use were found among respon-
dents who participated in contact sports during high school.
In particular, PDM of opioids was highest at age 17/18 years
(11.3%, 95% CI: 9.4, 13.5), and PDM of stimulants was
highest at age 21/22 years (17.9%, 95% CI: 13.3, 23.7)
among respondents who participated in contact sports when
compared with the full sample.

Overall association between different types of
competitive sports participation and initiation of PDM
between ages 19/20 and 27/28 years

Table 2 shows results for the overall association between
participation in different types of competitive sports dur-
ing high school and initiation of PDM during early adult-
hood (among those who did not engage in PDM by the

Am J Epidemiol. 2022;191(11):1886-1896
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12th grade). Accordingly, participation in contact sports
increased the odds of initiating PDM of stimulants (AOR =
1.57, 95% CI: 1.08, 2.28) across this 10-year time frame
in comparison with respondents who did not participate in
contact sports during high school. Moreover, participation
in noncontact sports reduced the odds of initiating PDM
of opioids (AOR = 0.63, 95% CI: 0.40, 0.99) across this
10-year time frame in comparison with respondents who
did not participate in noncontact sports during high school.
However, participation in noncontact sports increased the
odds of initiating PDM of stimulants (AOR = 1.40, 95%
CI: 1.02, 1.91) during the transition to young adulthood.
Additional analyses assessing interaction effects between
cohort and sport type (with respect to initiation of PDM in
young adulthood) found no statistically significant results
(results not shown).

Overall association between different types of
competitive sports participation and past-year PDM
between ages 17/18 and 27/28 years

Table 3 shows results for the overall association between
participation in different types of competitive sports during
high school and past-year PDM during early adulthood.
With respect to the fully adjusted models, participation in
contact sports increased the odds of any past-year PDM
(AOR = 1.30, 95% CI: 1.05, 1.61), PDM of opioids
(AOR = 1.31,95% CI: 1.00, 1.71), and PDM of stimulants
(AOR = 1.33, 95% CI: 1.05, 1.68) across this 10-year time
frame in comparison with respondents who did not partici-
pate in contact sports during high school. Moreover,
participation in noncontact sports reduced the odds of past-
year PDM of opioids (AOR = 0.79, 95% CI: 0.63, 0.99)
across this 10-year time frame in comparison with respon-
dents who did not participate in noncontact sports during
high school. Additional analyses assessing interaction
effects between cohort and sport type (with respect to the
overall association with PDM in young adulthood) found no
statistically significant results (results not shown).

DISCUSSION

This was one of the first national US studies to assess how
different types of sports participation during high school
(based on level of contact) are associated with the initiation
and developmental course of PDM during the transition
into young adulthood. The analyses found that nearly 1 in
every 3 high school students had ever reported some PDM
prior to high school graduation. Participation in contact
sports during high school (compared with their peers who
did not participate in these sports) was modestly associated
with greater odds of past-year PDM of opioids, PDM of
stimulants, or any PDM during the decade following high
school (i.e., between ages 17/18 and 27/28 years). Moreover,
the analysis found that participation in contact sports during
high school was associated with an approximately 50%
increase in the odds of initiating PDM of stimulants among
respondents with no prior history of stimulant PDM before
the age of 19 years. Taken together, these findings reinforce
the importance of screening and monitoring high school

athletes during adolescence and young adulthood, especially
those who participate in contact sports.

While these results confirm prior findings from cross-
sectional studies regarding increased risk of PDM among
high school athletes who participate in contact sports (11—
13), this study extends prior results by showing how this
risk of PDM extends into young adulthood. In particular,
the risk of PDM of opioids among contact sport participants
was highest during 12th grade (i.e., age 17/18 years); how-
ever, this risk diminished as they transitioned into young
adulthood (i.e., ages 19/20-27/28 years). This decreased
risk of opioid PDM may suggest that a potentially risky
context (i.e., contact sports) during high school has only a
short-term/immediate impact that may be related to these
former athletes’ sustaining fewer injuries (due to retiring
from contact sports after high school), having less contact
with risky peers (removal from risky peer groups), or simply
having reduced access to this type of drug (less opportunity
to receive diverted opioid medications) as they transition out
of high school and into young adulthood (31-33).

The risk of PDM of stimulants among contact sport par-
ticipants increased after high school and peaked at age
21/22 years. While these athletes probably gravitated away
from actively participating in these risker sports after high
school (approximately 7% of high school athletes play in
college and professionally) (34), exposure to these types of
sports may have a longer-term/extended impact on stimu-
lant PDM. For instance, exposure to these risky sporting
contexts during adolescence can directly shape norms that
view various types of substance use as acceptable and can
have a lasting impact on future behavior (18, 35). Moreover,
PDM of stimulants is the most common type of PDM for
cognitive enhancement among college-age young adults (5,
6, 9, 36), and stimulants are the most diverted type of
prescription drug within this age group (4-6). Given that
acceptable normative perceptions of PDM may persist into
young adulthood and given the relatively easy access to these
drugs (e.g., through one’s own or a friend’s prescription),
exposure to these types of sporting contexts during high
school may shape later misuse of prescription stimulants
during early adulthood when risk for this type of PDM is
highest.

Another notable finding was that participation in non-
contact sports during high school reduced the risk of PDM
of opioids during the transition to young adulthood but
increased the risk of PDM of stimulants during the same
period. Prior cross-sectional studies have found that partici-
pation in noncontact sports reduces the risk of common types
of substance use during adolescence (i.e., binge drinking,
marijuana use, and cigarette smoking) (22, 23, 37, 38).
Noncontact sports may provide a more protective context
because these types of sports emphasize an ascetic lifestyle
that cultivates a normative orientation that values moder-
ation and self-control in order to sustain long-term health
(39). Moreover, adolescents involved in noncontact sports
have a lower risk of injury (14). The lowered risk of opioid
PDM among participants in noncontact sports could be an
extension of both the value placed on a healthy lifestyle
and the lower risk of injury embedded within these types
of sports.
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Although noncontact sports may yield a culture of self-
control or an aversion to physical harm, this does not mean
that competitiveness or an ethic to be best is undervalued.
Indeed, prior studies have found that adolescent athletes
in noncontact sports have better academic outcomes and
aspirations to attend college (37, 40) and may be more
likely to view high school sports as a way of building
a well-rounded portfolio to be competitive in the college
admissions process. Moreover, PDM of stimulants among
adolescents and young adults is not only a way to simply
get high but also a way to help them concentrate and study
(41-44). In particular, approximately half of high school
seniors and the majority of college students who reported
using stimulants nonmedically during the past year indicated
that they used these medications to help them study (42—44).
Given that stimulant PDM is typically done for academic
performance, the risk of engaging in this type of drug use
may also be increased in the subgroup of students who
participated in noncontact sports in high school due to a
desire to achieve academically.

Finally, no significant interaction effects were found be-
tween cohort (i.e., 2006-2009, 2010-2013, or 2014-2017)
and sport type. While this may suggest that the associations
found in the present study may be similar across cohorts, it
must be acknowledged that the prescription of medication
(e.g., rates of prescribing opioids, stimulants, and tranquil-
izers/sedatives) has declined over the past decade (45-47)
and PDM (6) among adolescents has changed substantially
during the past decade. In particular, PDM of opioids, PDM
of stimulants, and PDM of tranquilizers/sedatives have all
declined substantially among adolescents since 2010 (6).
Given both the lower rates of prescribing and the lower
rates of PDM among adolescents, future studies will need
to determine whether newer cohorts of adolescent athletes
are at a similar risk of PDM when compared with their peers
from older cohorts, who had greater access to these types
of drugs.

Accordingly, this study provides one of the first longi-
tudinal assessments of how participation in different types
of high school sports is associated with the initiation and
developmental course of PDM. Current efforts to target high
school athletes to reduce opioid misuse should continue,
with an increased focus on athletes engaged in contact
sports. For instance, certain types of Web-based interven-
tions (i.e., the Student Athlete Wellness Portal) are being
developed to address the potential misuse of prescription
opioids among high school athletes (48). Efforts like these
should continue and should be initiated prior to the begin-
ning of the season in order to minimize the short-term risk
period between opioid misuse and participation in contact
sports (e.g., exposure to the intervention prior to injuries).
Additionally, there must also be a focus on other types of
PDM, particularly PDM of stimulants. Given the wider risk
among athletes of engaging in PDM in young adulthood,
specific interventions will need to be tailored to address
this during high school to help reduce this risk in young
adulthood.

Despite the many strengths of this study, several limita-
tions must be highlighted. First, the MTF 12th-grade sam-
pling frame does not include those who drop out of high

school, are home-schooled, or are institutionalized, so the
findings may not generalize more broadly to the young adult
population. Second, sample sizes were relatively small, and
it was not possible to study each specific sport assessed.
Third, despite the fact that the analyses controlled for
substance-use behavior at baseline and during subsequent
follow-ups, the association between certain types of sports
participation and PDM could have been a reflection of the
fact that adolescents who engage in risky substance-use
behaviors (e.g., PDM) may also be more likely to participate
in sports that are high-risk (e.g., contact sports). While this
type of spurious relationship may exist between participation
in certain types of sports and substance use, targeting
athletes in these types of risker sports for intervention would
make the most sense, given that a higher proportion of
adolescents who participate in these activities may be at
greater risk of engaging in PDM.

Regardless of these limitations, this study advances our
understanding of how participation in different types of
sports influences PDM in young adulthood and provides
necessary information to design focused, preventative pro-
grams for adolescent athletes.
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