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Abstract

Study objectives: The main aim of this study was to estimate the association between sleep deficiency in adolescence and
subsequent prescription opioid misuse in adulthood using United States nationally representative longitudinal data.

Methods: Self-reported data captured in the National Longitudinal Study of Adolescent to Adult Health at baseline (Wave
1; mean age = 16 years) and 12 year follow-up (Wave 4; mean age = 29 years). Participants (n = 12,213) reported on four
measures of sleep during adolescence (Wave 1) and on lifetime prescription opioid misuse during adulthood (Wave 4).
Associations between adolescent sleep and adult opioid misuse were estimated using multivariate logistic regression
analysis controlling for sociodemographics, chronic pain, mental health, childhood adverse events, and a history of
substance use.

Results: During adolescence, 59.2% of participants reported sleep deficiency. Prospectively, adolescents reporting not getting
enough sleep, chronic unrestful sleep, and insomnia were associated with an increased risk for prescription opioid misuse
(adjusted odds ratios [OR] = 1.2, p < 0.005 for all three variables). Short sleep duration was not associated with opioid misuse.

Conclusion: This is the first study to longitudinally link sleep deficiency as an independent risk factor for the development
of prescription opioid misuse. Sleep deficiency could be a driver of the opioid crisis affecting young people in the United
States. Future studies should determine whether early and targeted sleep interventions may decrease risk for opioid misuse
in high-risk patients prescribed opioids for pain.

Statement of Significance

The current opioid epidemic remains a severe public health crisis facing the United States. Sleep deficiency is common
among individuals with problematic opioid behaviors. Yet, whether sleep problems precede or are caused by opioid use is
not well known. Understanding the temporal relationship between sleep and opioid use is an important first step toward
improving sleep for patients at risk for problematic opioid use. Future studies are needed to investigate the mechanisms
underlying associations between sleep and opioid misuse.

Key words: adolescent; sleep deficiency; insomnia; opioid misuse

Submitted: 15 May, 2020; Revised: 24 August, 2020
© Sleep Research Society 2020. Published by Oxford University Press on behalf of the Sleep Research Society.
All rights reserved. For permissions, please e-mail journals.permissions@oup.com.


mailto:Cornelius.groenewald@seattlechildrens.org?subject=

2 | SLEEPJ], 2021,Vol. 44, No. 3

Introduction

Adolescence is often a “perfect storm” for poor sleep due to inter-
actions between biological, social, and behavioral factors that
result in shortened sleep duration and reduced sleep quality [1].
Recent data indicate that sleep deficiency (defined as inadequate
sleep duration to meet sleep needs and/or poor sleep quality)
is very common among adolescents in the United States [2-4].
Indeed, adolescent sleep deficiency is now recognized as a major
public health burden in the United States due to known associ-
ations between poor sleep and adverse psychosocial and physical
health outcomes including greater depressive symptoms, poor
school performance, cardiometabolic health problems, motor ve-
hicle accident risk, and problematic substance use [5, 6].

Prescription opioid misuse refers to the use of prescrip-
tion opioids in a manner other than directed by a health care
provider, such as in greater amounts, more often, longer than
prescribed, or using someone else’s prescription [7]. Among
adolescents, prescription opioid misuse is associated with sev-
eral negative outcomes, including driving under the influence
[8] and sexual victimization [9]. However, prescription opioid
misuse also precedes more severe opioid behaviors, including
heroin use and opioid overdose which has contributed to an un-
precedented opioid crisis facing adolescents and young adults
in the United States [10].

There are compelling data to suggest that sleep deficiency
is associated with prescription opioid misuse in adolescents.
For example, up to 26.7% of adolescents misuse opioids in order
to help with sleep [11]. Furthermore, recent research points to
several putative biological mechanisms underlying the sleep
and opioid association such as connections between reward-
circuitry dopaminergic neurons impacting sleep and wakeful-
ness which, in turn are influenced by opioid receptor activation
[12]. However, we do not know whether sleep deficiency in ado-
lescence is longitudinally associated with opioid misuse later
in life.

To our knowledge, only one prospective study examined the
relationship between sleep in childhood and risk for substance
use problems in adulthood [13]. In a sample of 386 youth from
the community, Wong et al. found that those who had trouble
sleeping in adolescence were 2.4 times more likely to have had
a problem with illicit drug use in young adulthood [14]. However,
this study has several important limitations. Participants did not
report specifically on opioid use, “trouble sleeping” was assessed
using a single item, and other potentially important risk factors
for drug use in adulthood (e.g. chronic pain, adverse childhood
experiences [ACEs]) were not assessed. Determining whether
sleep deficiency in adolescence increases risk for later pre-
scription opioid misuse could inform the development of sleep-
specific intervention strategies aimed at reducing the impact of
the opioid crisis.

Therefore, the primary objective of this study was to pro-
spectively determine the temporal association between sleep
deficiency during adolescence and the subsequent risk of pre-
scription opioid misuse in adulthood. We addressed this aim
using nationally representative data from a large sample of
individuals in the United States participating in the National
Longitudinal Survey of Adolescent Health. We hypothesized that
a history of sleep deficiency during adolescence (as captured by
four sleep measures) would increase risk for prescription opioid
misuse in adulthood.

Methods
Participants and procedure

For this analysis, we used data from the National Longitudinal
Study of Adolescent Health (Add Health) [15]. Add Health
is a nationally representative, stratified, random sample of
United States individuals starting in 1995 when participants
were 11-21 years of age (M, = 16 years, SD = 1.7 years). Add
Health combines longitudinal survey data on respondents’
sociodemographic factors, physical and mental health, and
substance use, providing unique opportunities to identify how
risk factors in adolescence may be linked to health outcomes
in adulthood.

Add Health uses a complex, multistage sample design, and
oversamples minorities. By applying survey weights, estimates
are representative of the United States population. Thus far,
participants have completed four subsequent waves of in-home
interviews, the most recent of which was in 2008 when partici-
pants were between the ages of 24 and 34 years (M, = 29 years,
SD = 1.7 years). Waves include: Wave 1 (adolescence, 11-21 years
of age, assessed in 1995); Wave 2 (adolescence, 12-22 years of
age, assessed in 1996); Wave 3 (early adulthood, 18-28 years of
age, assessed in 2002); and Wave 4 (adulthood, 24-34 years of
age, assessed in 2008). We extracted data from all four Waves.
The sample size included participants who completed all of the
relevant items and waves (n = 12,213). No participants were ex-
cluded from our study. Participant characteristics are presented
in Table 1. Additional information on Add Health is available at
http://www.cpc.unc.edu/projects/addhealth. Add Health data
are publicly available and therefore the Institutional Review
Board at Seattle Children’s Hospital deemed this study exempt
from review. Figure 1 outlines Add Health waves and measures
assessed at each time point for the purposes of our study.

Measures
Sleep deficiency

During Waves I and II, participants were surveyed about four
sleep behaviors, including (1) chronic insufficient sleep, (2)
chronic unrestful sleep, (3) insomnia symptoms, and (4) short
sleep duration.

(1) Chronic insufficient sleep was measured by asking partici-
pants whether they “usually get enough sleep.” Those who
responded “no” were categorized as having chronic insuffi-
cient sleep.

(2) Chronic unrestful sleep was measured by asking partici-
pants how often they had “woken up feeling tired?” over
the past 12 months and classified as a binary indicator if
they reported “almost every day” or “every day.”

(3) Insomnia symptoms were measured by asking adoles-
cents how often they “had trouble falling asleep or staying
asleep?” over the past 12 months and classified as a bi-
nary indicator if adolescents reported “almost every day”
or “every day” [16].

(4) Adolescents who reported sleepingless than 8 h on average
in response to the question “How many hours of sleep do
you usually get?” were classified as having short sleep du-
ration, consistent with the National Sleep Foundation’s re-
commendations for adolescent sleep times.
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Table 1. Baseline sample characteristics of participants in the National Longitudinal Study of Adolescent to Adult Health (Add Health) by sleep

disturbance present during adolescence

Total sample

Sleep deficiency present* (95% CI)

Characteristic N =12,213 Weighted % No, N = 4,806 (40.7%) Yes, N = 7,407 (59.2%) P
<0.001
Age 12,213 100.0 15.7 (15.5-16.0) 16.1 (15.8-16.3)
Sex <0.001
Male 5,568 49.0 52.6 (50.7-54.5) 46.6 (44.9-48.3)
Female 6,645 51.0 47 .4 (45.5-49.3) 53.4 (51.7-55.1)
Race/ethnicity 0.01
White 6,573 66.7 69.1 (63.2-74.4) 65.1 (58.9-70.7)
Black 2,467 14.5 13 (9.7-17.2) 15.6 (11.9-20.1)
Hispanic 1,900 11.6 11.6 (8.6-15.5) 11.6 (8.7-15.4)
Other 1,273 7.2 6.4 (4.6-8.7) 7.8 (6.0-9.9)
Health reported as fair-poor <0.001
No 11,320 92.8 95.3 (94.2-96.2) 91.1 (89.9-92.2)
Yes 893 7.2 4.7 (3.8-5.8) 8.9 (7.8-10.1)
Chronic pain <0.001
No 9,538 77.6 88.4 (87.1-89.6) 70.2 (68.1-72.2)
Yes 2,675 22.4 11.6 (10.4-12.9) 29.8 (27.8-31.9)
High depression score <0.001
No 11,216 92.4 98.1 (97.5-98.5) 88.5 (87.5-89.5)
Yes 997 7.6 1.9 (1.5-2.5) 11.5 (10.5-12.5)
Adverse childhood events (ACEs) <0.001
No 8,584 70.8 75.6 (73.8-77.3) 67.6 (65.8-69.3)
Yes 3,629 29.2 24.4 (22.7-26.2) 324 (30.7-34.2)
Any substance use at baseline <0.001
No 6,919 56.2 65.9 (62.4-69.2) 49.6 (46.3-52.9)
Yes 5,294 438 34.1 (30.8-37.6) 50.4 (47.1-53.7)

*Participant reported the presence of at least one of the four sleep measures, including chronic insufficient sleep, chronic unrestful sleep, insomnia, and sleep <8 h.

Participants who reported the presence of at least one of the
above described sleep measures were defined as having “sleep
deficiency.”

Prescription opioid misuse

Prescription opioid misuse at Wave IV was operationalized as
lifetime prescription opioid misuse using the following ques-
tion: “Which of the following prescription drugs have you taken
that were not prescribed for you, taken in larger amounts than
prescribed, for longer periods than prescribed, or that you only
took for the feeling or experience they caused: pain killers or
opioids such as Vicodin, OxyContin, Percocet, Demerol, Percodan
or Tylenol with codeine not prescribed?” with a binary response
option of “yes” or “no.”

Covariates

Numerous cross-sectional studies indicate that adolescents
with sleep problems and opioid misuse share several risk fac-
tors, including a history of chronic pain [17, 18], depression [19],
other substance use [20], and a history of ACEs [21, 22]. Therefore
because these factors have previously been shown to be associ-
ated with both sleep deficiency and prescription opioid misuse,
we included them as a priori covariates.

Chronic pain
Adolescents reported how often they had headache,
stomachache, and aches, pain, or soreness in muscles or joints

over the past 12 months. Those who reported experiencing
pain “almost every day” or “every day” were classified as having
chronic pain, consistent with previous publications from Add
Health [23, 24].

Depressive symptoms

Adolescents completed the 20-item Center for Epidemiologic
Studies-Depression Scale (CES-D) at Wave 1. Items were scored
based on the frequency at which depressive symptoms were ex-
perienced in the past week using a four-point Likert scale (an-
chors: “never/rarely” and “most/all of the time”). Total scores
were calculated as a sum of the 20 items and could range from
0 (no depressive symptoms) to 60 (frequent/severe depressive
symptoms) [11]. For this study, in order to ease presentation, the
depression variable was categorized as either high symptoms
(>24/60) versus low symptoms (<23/60) consistent with previous
Add Health publications [11].

General health

Adolescents responded to the question “In general, how is your
health?” with five response options ranging from “excellent” to
“poor” in Wave 1. For analyses, response options were dichot-
omized as either “good” (responses of “excellent”, “very good”,
or “good”) or “fair-poor” (responses of “fair” or “poor”). For ana-
lyses, the referent of “fair-poor” was coded as 0 and “good” was

coded as 1.

Other substance use in adolescence
At Wave 2, adolescents responded to the following 6 items as-
sessing other substance use behaviors: “Have you” (1) “ever
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Figure 1. National Longitudinal Study of Adolescent to Adult Health (Add Health) waves and measures assessed at each wave for the purposes of our study.

regularly smoked one or more cigarettes per day”, (2) “had 5 or
more drinks in a row over the past 12 months”, (3) “ever tried
marijuana”, (4) “ever tried cocaine”, (5) “ever tried inhalants,
such as glue”, and (6) “ever tried any other illegal drugs such as
LSD, PCP, heroin, pills, etc.” Response options for all 6 items were
binary (“yes” vs. “no”). For the current analyses, we used a binary
variable (“yes” = 1, “no” = 0) to determine whether adolescents
used any other substances [25].

Adverse childhood events

Using data from Waves I, III, and IV, adolescents responded to
nine items assessing exposure to childhood adverse events.
Specifically, adolescents were asked how often the following
happened: (1) “being left alone when an adult should have been
present >6 times”; (2) “not having adults taking care of their
basic needs >6 times”; (3) “being slapped, kicked, or hit by an
adult caregiver >6 times”; (4) “being touched in a sexual way
or being forced to touch an adult in a sexual way”; (5) “having
Social Services investigate or try to take them out of their living
situation”; (6) “witnessed or threatened with physical violence,”
(7) “someone stabbed you,” (8) “someone shot at you”; or (9)
“someone physically assaulted/beaten you up.” Response op-
tions for all nine items were binary (“yes” vs. “no”). For the cur-
rent analyses, we used a binary variable (“yes” = 1, “no” = 0) to
determine whether adolescents experienced any adverse child-
hood events.

Sociodemographics
During Wave 1, adolescents reported their age, sex, race, and
ethnicity.

Statistical analysis plan

All analyses were conducted using the survey package con-
tained in Stata version 14.2 (StataCorp College Station, TX); a
was set at 0.05, and hypothesis testing was two-tailed. We ad-
justed for the complex sample design of Add Health by using
sampling weights, regional stratification, and primary sampling
unit information to provide nationally representative estimates
of the USA population.

To address our primary aim, we performed multivariate
logistic regression analysis to determine the association be-
tween adolescent sleep deficiency and adult prescription opioid

misuse. Each sleep variable (chronic insufficient sleep, chronic
unrestful sleep, insomnia, and short sleep duration) was entered
into a separate model. Multivariate models controlled for age,
sex, race, and ethnicity, depressive symptoms, physical health,
chronic pain, other adolescent substance use/abuse, and ex-
posure to childhood adverse events.

Results
Sample characteristics

Our analytic sample included 12,213 participants weighted to
represent 17.9 million individuals nationally. Of these, 7,407
(weighted percentage: 59.2%) reported having at least 1 of the
4 sleep disturbances surveyed as adolescents during Wave 1
(Mean age = 16 years) (Table 1). Deficient sleep was common
among adolescent participants: 52.4% reported sleeping less
than 8 h per night, followed by chronic insufficient sleep
(37.5%), chronic unrestful sleep (30.4%), and insomnia symp-
toms (14.0%). In this sample, 15.2% (95% confidence interval [CI]:
13.7%-16.8%) reported prescription opioid misuse by adulthood.
Baseline sample characteristics, displayed by whether adoles-
cents reported any sleep deficiency, are presented in Table 1.
Adolescents with sleep deficiency systematically differed from
those without reported sleep deficiency in all of the measured
covariates: females were more likely to report sleep deficiency
compared to males; and Black, non-Hispanic adolescents more
commonly reported sleep deficiency as compared to White, non-
Hispanic adolescents. Sleep deficiency was also more common
among adolescents who reported their health as fair-poor, those
with chronic pain, those with higher depression scores, those
with a history of substance use, and individuals with a history
of ACEs.

Associations between adolescent sleep deficiency
and prescription opioid misuse in adulthood

Univariate associations between measures of sleep deficiency
in adolescence and prevalence of prescription opioid misuse
in adulthood are presented in Table 2. Adults with prescription
opioid misuse were more likely to have had chronic insufficient
sleep during adolescence as compared with adults without pre-
scription opioid misuse (41.9% vs. 36.7%), as well as had higher



rates of chronic unrestful sleep and higher rates of insomnia
symptoms. However, rates of receiving <8 h of sleep were similar
between groups.

Associations between sleep deficiency in adolescence and
prescription opioid misuse in adulthood that we found in our
univariate analysis, held in multivariate logistic regression ana-
lysis (Table 3). After controlling for multiple covariates as speci-
fied in our logistic regression models, individuals who reported
chronic insufficient sleep (adjusted OR = 1.2; 95% CI: 1.1-1.5;
p = 0.033), chronic unrestful sleep (OR = 1.2; 95% CI: 1.1-1.4;
p = 0.004), and insomnia symptoms (OR = 1.2; 95% CI: 1.1-1.5;
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p = 0.032) during adolescence had significantly increased odds
of prescription opioid misuse in adulthood. However, similar to
univariate findings, short sleep duration was not significantly
associated with prescription opioid misuse (OR = 1.1; 95% CI:
0.9-1.3; p = 0.339).

We also found that, across all multivariate analyses, younger
participants were less likely to report opioid misuse compared
to older participants, and that females were less likely to report
opioid misuse as compared to males. In addition, Black, non-
Hispanic, and Hispanic participants were less likely to report
opioid misuse compared to White, non-Hispanic participants.

Table 2. Rates of adult prescription opioid misuse by sleep disturbance during adolescence

Total sample

No opioid misuse

Opioid misuse

Adolescent sleep measure (N =12,213) (N =10,612; 84.8%) (N =1,601; 15.2%) P
Weighted % 95% CI Weighted % 95% CI Weighted % 95% CI

Chronic insufficient sleep 37.5 35.4-39.6 36.7 34.5-39.0 419 38.2-45.7 0.008

Chronic unrestful sleep 30.4 29.1-31.9 28.9 27.5-30.3 39.2 36.0-42.5 <0.001

Insomnia 14.0 13.2-15.0 13.2 12.3-14.2 19.3 16.9-21.9 <0.001

Sleep <8 h 52.4 49.9-55.0 52.3 49.6-54.9 53.3 49.3-57.4 0.58

Table 3. Associations between each individually measured sleep variable (chronic insufficient sleep, chronic unrestful sleep, insomnia, and
sleep duration <8 h) during adolescence and the development of prescription opioid misuse in adulthood

Chronic Chronic
insufficient sleep unrestful sleep Insomnia Sleep duration < 8 h

Variables AOR 95% CI AOR 95% CI AOR 95% CI AOR 95% CI
Presence of sleep deficiency variable
No 1.0 1.0 1.0 1.0
Yes 1.2 1.1-1.5* 1.2 1.1-1.4* 1.2 1.1-1.5* 1.1 0.9-1.3
Model covariates
Age at Wave 1 0.8 0.8-0.9"* 0.8 0.8-0.9"* 0.8 0.8-0.9"** 0.8 0.8-0.9"*
Sex

Male 1.0 1.0 1.0 1.0

Female 0.6 0.5-0.7** 0.6 0.5-0.7*** 0.6 0.5-0.7"** 0.6 0.5-0.7**
Race and ethnicity

White 1.0 1.0 1.0 1.0

Black 0.2 0.1-0.2"** 0.2 0.1-0.2"** 0.2 0.1-0.2"** 0.2 0.1-0.2"**

Hispanic 0.5 0.4-0.6"** 0.5 0.4-0.6""* 0.5 0.4-0.6"* 0.5 0.4-0.6"**

Other 0.7 0.5-0.9"** 0.7 0.5-0.9*" 0.7 0.5-0.9** 0.7 0.5-0.9"*
Health reported as fair-poor

No 1.0 1.0 1.0 1.0

Yes 1.2 0.9-1.6 1.2 0.9-1.6 1.2 0.9-1.6 1.2 0.9-1.6
Chronic pain

No 1.0 1.0 1.0 1.0

Yes 1.2 1.0-1.4 1.1 09-14 1.2 1.0-1.4 1.2 1.0-1.4
High depressive score

No 1.0 1.0 1.0 1.0

Yes 1.3 1.0-1.7 1.3 1.0-1.7 1.3 1.0-1.6 1.3 1.0-1.7*
Adverse childhood events

No 1.0 1.0 1.0 1.0

Yes 1.4 1.2-1.6" 1.4 1.2-1.7"* 1.4 1.2-1.6"* 14 1.2-1.7*
Any substance use at baseline

No 1.0 1.0 1.0 1.0

Yes 2.5 2.2-2.9** 2.5 2.2-2.9" 2.5 2.2-2.9" 2.5 2.2-2.9*

AOR, adjusted odds ratio; CI, confidence interval. Each column presents the results of multivariate model examining association between that single sleep deficiency
measure and prescription opioid misuse. Multivariate logistic regression analyses adjusted for age, sex, race & ethnicity, general health, chronic pain, depressive

symptoms, adverse childhood events, and any substance use at baseline.
*p < 0.05.

*p <0.01.

**p < 0.001 in adjusted logistic regression analyses.
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Across all models having a history of substance use and ACEs
in adolescence were both associated with increased odds of
reported prescription opioid misuse in adulthood. However,
chronic pain, self-reported depressive symptoms, and overall
physical health reported as fair or poor were not associated with
prescription opioid misuse.

Discussion

We examined longitudinal associations between sleep defi-
ciency during adolescence and prescription opioid misuse in
adulthood using data from a large, nationally representative
sample of individuals in the United States. In our sample, 37.5%
of participants self-reported chronic insufficient sleep during
adolescence, 30.4% reported chronic unrestful sleep, 14% had
chronic insomnia symptoms, and 52.4% reported sleeping less
than the recommended 8 h per night. Moreover, 15.2% of par-
ticipants reported prescription opioid misuse by adulthood.
Consistent with our hypothesis, we found that chronic insuf-
ficient sleep, unrestful sleep, and insomnia during adolescence
was prospectively associated with risk for prescription opioid
misuse during adulthood, over and above known risk factors
for prescription opioid misuse, including sociodemographics,
general health, chronic pain history, depressive symptoms, his-
tory of other substance use, and a history of childhood adverse
events. We did not find an association between sleep duration
and opioid misuse.

Our finding is consistent with extant literature that 60%-70%
of adolescents report sleep-related problems, including re-
ceiving less than the recommended amount of sleep [26] and
having daytime sleep-related impairment [27]. Indeed, chronic
sleep deficiency during adolescence is considered a significant
public health concern by the Center for Disease Control and is
increasingly recognized as a risk factor for physical and mental
health problems. However, the association between sleep defi-
ciency and another critical public health crisis, the opioid epi-
demic, has been poorly defined.

The opioid crisis affects Americans of all ages but is concen-
trated in older adolescents and young adults. Indeed, among
16-28 year olds in the United States, 7.8% reported prescription
opioid misuse in 2016 as compared with 3.6% of older adults
[28]. Among young adults, prescription opioid misuse is associ-
ated with a host of negative consequences such as driving under
the influence and sexual victimization [9] and is a common
precursor for more serious opioid-related problems, including
opioid use disorder, overdose [29], and heroin use [30]. Driving
factors for opioid misuse that are commonly reported by ado-
lescents and adults include self-treatment of physical pain, to
“get high,” and to experiment [20]. However, it is becoming in-
creasingly evident that self-treatment of sleep problems is also a
major driver for prescription opioid misuse [20]. Using data from
the Monitoring The Future (MTF) Study, researchers found that
8% of high school seniors reported past-year opioid misuse, and
of these 26.5% reported using opioids “to get to sleep” [13]. In a
smaller sample of 640 young adults who misused prescription
opioids, McCabe et al. found that 13.7% used opioids to improve
sleep [31]. Similarly, in a sample of adolescents who misused
prescribed opioids, sleep was the third most commonly cited
reason for opioid misuse after pain relief and to get high, with
12.3% using opioids for sleep [32].

It is likely that a bidirectional relationship exists between
sleep and opioid use, however, the direction of sleep deficiency
on subsequent opioid use remains poorly described. Several
studies have found strong cross-sectional associations between
chronic opioid use, including methadone [33] and buprenorphine
[34] and disrupted sleep. In addition, lab-based experiments by
Shaw et al. [35] and Dimsdale et al. [36] showed that opioids
significantly disrupted sleep architecture in healthy adults.
Furthermore, a longitudinal evaluation from a large, web-based
survey of adolescents in the Detroit area revealed that prescrip-
tion opioid misuse was associated with higher rates of sleep
problems the subsequent year [37].

To the best of our knowledge, however, our report is the
first longitudinal study to evaluate the strength of association
between sleep deficiency preceding subsequent prescription
opioid misuse. Pre-clinical evidence supports the plausibility of
biological and psychological mechanisms underlying the direc-
tional relationship of sleep deficiency leading to future opioid
misuse. For example, sleep deficiency changes the neural cir-
cuitry of the reward system toward increased sensitivity and
impulsivity, resulting in impaired emotional regulation, and in-
creased risk-taking behavior, which may in turn increase sus-
ceptibility to opioid misuse [38, 39]. Similarly, sleep deficiency is
known to increase depressive symptoms as well as sensitivity
to pain, both of which are motivators for opioid misuse [40]. Our
study addresses this gap in knowledge, by providing initial evi-
dence to suggest that sleep deficiency in adolescence may in-
crease risk for adult opioid misuse.

Surprisingly, we did not find an association between sleep
duration and risk for prescription opioid misuse. This finding is
consistent with previous studies by Dimsdale [36] and Shaw [35]
that also did not reveal an association between opioid use and
sleep duration. The reason for this finding is unclear, however,
short sleep duration has been associated with an increased risk
of other substance use behaviors, including tobacco, alcohol,
and substance use in other large, nationally representative sur-
veys [41], and thus warrants further study. Other methods for
evaluating sleep duration (e.g. prospective sleep diaries and
actigraphy) may extend future research on the associations be-
tween sleep duration and prescription opioid misuse.

Our findings also highlight several sociodemographic
risk factors for opioid misuse in adulthood including male
sex, White, non-Hispanic ethnicity, a history of adverse
childhood events, and a history of other substance use.
These findings are consistent with previous research [21,
42]. However, surprisingly, we found that adolescent chronic
pain was not associated with prescription opioid misuse in
multivariate analysis. This is contrary to a previous study
done by our group finding a strong association between
chronic pain and opioid misuse using the same dataset [17].
One possible explanation for this difference is that the def-
inition for prescription opioid misuse in the Add Health
dataset has changed over time. All of the recent studies
examining prescription opioid misuse in Add Health used
the Wave 4 outcome (similar to our current report), while
previous studies used combined data from both Wave 3
and Wave 4 (as in our own prior study). Regardless, it is im-
portant to identify subgroups of adolescents who may be at
higher risk for future opioid misuse and how sleep health
may play a role. Future studies are needed to understand
how these sociodemographic and psychological risk factors



influence adolescent and adult sleep deficiency and pre-
scription opioid misuse.

Implications of our findings include that sleep deficiency
may serve as a marker for patients at increased risk for pre-
scription opioid misuse. Indeed, Hah et al. found, in a cohort of
adults presenting with chronic pain, that in addition to a his-
tory of substance use and current opioid use, sleep deficiency
in adulthood predicted which adults were at increased risk for
having prescription opioid misuse [43]. They suggest that clin-
icians should screen for sleep deficiency in adults with chronic
pain in order to identify those at risk for prescription opioid
misuse. Our findings support this recommendation. Researchers
should consider sleep deficiency as a novel, yet important po-
tential target to prevent future prescription opioid misuse. For
example, clinical trials of interventions for sleep deficiency such
as Cognitive Behavioral Therapy for Insomnia could consider
including opioid and other substance use as a treatment out-
come to determine their effectiveness in preventing or redu-
cing opioid misuse. Indeed, treating sleep in adolescents with
existing substance abuse has been shown to reduce both sleep
problems and substance use behaviors [44].

This study has several limitations that should be considered.
First, while we establish a temporal association between sleep
and opioid misuse, the design limits our ability to draw a cause-
effect relationship between sleep and opioid misuse. Further,
the Add Health study did not include the same adult meas-
ures of sleep to identify either how changes in sleep health
over time influence future opioid misuse or whether there are
concurrent associations between sleep and opioid misuse in
adulthood. Second, variables used in this study were all self-
report, which are subject to recall bias and social desirability
bias. Future studies should include objectively measured sleep
variables such as actigraphy. Another limitation is that parti-
cipants are only asked about lifetime opioid misuse at Wave 4
and no questions were included about frequency or intensity of
opioid misuse. Finally, Add Health was not specifically designed
to answer research questions about sleep deficiency, thus there
were limited measures of sleep available for analysis and sev-
eral important sleep health domains were not evaluated. Future
studies should include comprehensive evaluation of sleep
health using standardized measures. Despite these limitations,
there are significant strengths of our findings relative to the re-
search in this area, including the use of longitudinal data and
the use of more detailed sleep measures as compared to existing
epidemiological studies examining associations between sleep
and opioid use.

In conclusion, we prospectively link adolescent sleep defi-
ciency to an increased future risk for prescription opioid misuse
in a large nationally, representative database designed to track
health behaviors and outcomes from adolescence to early adult-
hood. Both sleep deficiency and prescription opioid misuse are
significant public health concerns affecting the health of young
people in the United States. It is important that we consider
sleep deficiency as an independent risk factor for future prob-
lematic opioid misuse in adolescents and young adults.
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