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Abstract

Objective—This study aimed to determine the unique utility of poor sleep health in predicting
the onset of substance use in adolescents.

Method—Middle school students (=829, M,ge=12.6y, 52% female, 73% White) who
participated in an ongoing prospective study of alcohol onset and progression completed a set of
web-based health behavior surveys over a four-year period, with recruitment beginning in 2009.
Surveys included assessments of alcohol, cigarette, and marijuana use as well as sleep duration,
bedtime delay (from weekdays to weekends), and daytime sleepiness. Data were analyzed using
discrete-time Cox Proportional Hazards regression.

Results—Controlling for participant age at sleep assessment, gender, and internalizing and
externalizing behaviors, shorter sleep duration and greater daytime sleepiness in Year 1 were
associated with increased odds of having had a full drink of alcohol, having engaged in heavy
episodic drinking, and having experienced alcohol-related consequences by Year 4. Shorter sleep
duration was also associated with increased odds of marijuana use by Year 4. No sleep parameter
was uniquely associated with increased odds of cigarette use (first puff or first full cigarette).
Effects were evident for both males and females. Age at sleep assessment did not moderate effects.

Conclusion—Sleep health is a prospective predictor of the onset of alcohol and marijuana use
among adolescents. Increased efforts to prevent and intervene in sleep problems among
adolescents are warranted.
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Poor sleep health and heavy substance use are public health concerns that tend to co-occur
among adolescents and young adults.1:2 Both of these behaviors have been associated with a
host of negative consequences, including impaired immune functioning, motor vehicle
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Implications and Contribution

This study suggests that poor sleep health is a prospective predictor of alcohol and marijuana use in adolescents, independent of
internalizing and externalizing behaviors. The independent effect of sleep on substance use suggests that interventions targeting the
types of sleep problems that are common in adolescence are needed.
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accidents, depression, and suicidal ideation.3# Yet little is known about the direction and
degree of prospective associations between these health behaviors. Research delineating the
temporal precedence and significance of the association between poor sleep and substance
use is needed to inform prevention and intervention efforts.

Research has documented longitudinal, bidirectional relationships between sleep and
substance use in adolescents. Alcohol and illicit drug use has been associated prospectively
with delayed bedtimes® and disturbed sleep physiology.6-8 Conversely, poor sleep health
(defined as <9 hours per night for adolescents, inconsistent timing of sleep, trouble falling/
staying asleep, daytime sleepiness, or poor subjective sleep quality®) prospectively predicts
the likelihood and frequency of cigarette, marijuana, and alcohol use in adolescents and
young adults.>10-12 Poor sleep health has also been associated with increased likelihood of
binge drinking!! and may compound risk for alcohol-related consequences.11:13 However,
few studies have examined the impact of sleep on the initiation of substance use in youth
who are substance-naive. Those that have examined this association have been limited by
parent report of substance use,1415 recruitment of high-risk participants,12:14.15 and failure
to control for psychiatric symptoms that may impact sleep and substance use.1213

Without examining sleep in individuals who are substance-naive, the directionality of the
association between poor sleep health and substance use cannot be determined. Evidence
suggests that substance use creates disturbances in sleep health,8:8 which may then
perpetuate substance use and related risk. However, it could also be that poor sleep health
confers unique and independent risk for the onset of substance use and problems. In the case
of the latter, increased efforts to prevent and treat sleep problems in childhood and early
adolescence may be warranted.

The limited focus on sleep relative to substance use research in adolescents may stem in part
from the field’s tendency to view difficulty falling/staying asleep as a symptom of an
underlying psychiatric disorder.18 Psychiatric disorders have been linked to adolescent
substance use in a number of studies,” and individuals with psychiatric disorders tend to
demonstrate signs of disturbed sleep.18 Thus, the association between sleep and substance
use may be attributable to their respective associations with psychopathology. Few studies
have examined the association between adolescent sleep and substance use in the context of
psychiatric symptoms, and the results of these studies have been mixed. Specifically, one
study found that the cross-sectional association between sleep and substance use is
attributable in part to internalizing/externalizing behaviors,19 while others found that

controlling for these behaviors did not weaken the prospective impact of sleep on substance
2,14,15
use.=+®

This study extends previous research1-15 by determining the unique utility of poor sleep
health in predicting the onset of self-reported substance use in adolescents, after accounting
for internalizing and externalizing behaviors. We hypothesized that shorter sleep duration,
greater discrepancy between weekday and weekend bedtimes (bedtime delay), and greater
daytime sleepiness would be associated with greater probability of alcohol, cigarette, and
marijuana use. We also investigated the moderating effect of gender, as gender differences in
these associations have been found inconsistently in previous studies.211.15
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Data were collected between 2009 and 2015 from a sample of adolescents in an ongoing
prospective study examining the extent to which individual and contextual risk factors
explain initiation of and progression through drinking milestones.29 Five cohorts of
adolescents (A=1023) from six schools in urban, suburban, and rural Rhode Island were
enrolled every six months from 2009 to 2011. Of the 1023 respondents, 992 (97%)
contributed follow-up data within the four-year assessment interval, 923 (90%) provided
data on sleep parameters, and 829 (81%) were accompanied by parent report data on
internalizing/externalizing behaviors. Thus, the current sample consisted of 829 adolescents
aged 12 to 16 years (52% female, 15% non-White, 12% Hispanic; see Table 1). Participants
who were excluded from and included in analyses did not differ in terms of gender
[41021)=0.20, o=.84] or ethnicity [{1021)=-0.22, p=.82]. Those excluded were
significantly older than those included [(1021)=2.87, p=.004] and more likely to report non-
White race [{260)= -2.68, p=.01].

Interested youth whose parents provided written informed consent attended a two-hour
orientation session, during which they provided assent, and completed the 45-minute
baseline survey (Time 1) in a private location. Follow-up assessments, which were
administered in waves based on school cohort, were conducted using web-based surveys.
These assessments took place every six months for a period of two years (Times 2-5); at
three-year follow-up (Time 6); and at quarterly intervals thereafter, from which we coded a
four-year follow-up (Time 7). In the first two years of the study, participants also completed
brief monthly surveys assessing substance use; if participants denied substance use in the
past 30 days, they completed filler items regarding a variety of health behaviors, one of
which was sleep. Sleep parameters were assessed a maximum of two times, depending on
whether or not the participant had already engaged in substance use. The first sleep
assessment was conducted in Month 1 or Month 7 (depending on school cohort); for those
who did not complete the first sleep assessment (/7=34, 4%), we used data from their second
sleep assessment, which was conducted in Month 13 or 19. Because the discrepancy in
timing of these assessments led to age differences between participants, all analyses
controlled for age at first sleep assessment. Participants were compensated with a $25 gift
card for the orientation session, a $20 gift card for each follow-up survey, and $10 cash for
each monthly survey. Response rates ranged from 92% (Time 2) to 79% (Time 7).

One self-selected parent (86% biological mother) provided data on participants’
internalizing and externalizing behaviors. These assessments were collected via mailed, 30-
minute, paper-and-pencil surveys at baseline and one-year post-baseline. Parents received a
$30 gift card for survey completion. The university’s Institutional Review Board approved
all procedures.
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Demographic information—Participants provided information regarding gender, age,
race, and ethnicity.

Sleep parameters—Items from the School Sleep Habits Survey?! were used to calculate
sleep duration, bedtime delay, and daytime sleepiness. Participants indicated what times they
had usually gone to bed and woken up on school days and weekends in the last two weeks.
Responses were transformed and averaged to calculate s/eep duration. \We subtracted
average bedtime on school days from average bedtime on weekends to calculate bedtime
delay. Participants also indicated to what extent they feel sleepy or struggle to stay awake
during the day (daytime sleepiness) on a scale from 0 (no problem at all) to 4 (a very big
problem). These select items were chosen because they are believed to reflect the sleep
duration, sleep timing, and daytime sleepiness components of sleep health.®

Onset of alcohol use—Drinking and drug use milestones were assessed at each follow-
up of the study, using measures designed based on NIAAA recommendations.? Participants
indicated if they had ever had a full drink of alcohol (onset of full drink) and if they had ever
had 3+ drinks of alcohol in one sitting (onset of heavy episodic drinking). After the third
year of the study, participants indicated the greatest number of drinks they had ever had in
one sitting; responses = 3 were coded as indicating onset of heavy episodic drinking.

Onset of alcohol-related consequences—Oniset of alcohol-related consequences was
assessed using an 18-item version of the Rutgers Alcohol Problems Index (RAPI).23
Participants indicated how often in the past year they had experienced outcomes such as not
being “able to do your homework or study for a test” or having “a bad time” due to drinking.
Response options ranged from 0 (n0ne) to 3 (more than 5 times). The RAPI has been
validated among youth age 13 to 19 years old.24 At each follow-up, participants were coded
as having experienced onset of alcohol consequences if they endorsed any RAPI item.

Onset of smoking—At each follow-up, participants indicated if they had ever tried or
experimented with cigarette smoking, “even a few puffs/drags” (onset of cigarette puffed) or
if they had ever smoked a whole cigarette (onset of full cigarette use).2>

Onset of marijuana use—Participants also indicated at each follow-up if they had ever
used marijuana (pot, hash, hash oil, etc.).

Internalizing/externalizing behaviors—Parents completed 110 items from the Child
Behavior Checklist, 26 which assessed their child’s behavior in the past six months on a
three- point scale: 0 (ot true, as far as you know), 1 (somewhat or sometimes true), or 2
(very true or often true). Internalizing problem scores (range 0-93; a=.87) were calculated
as the sum of the withdrawn/depressed (8 items), somatic complaints (11 items), and
anxious/depressed scales (12 items). Externalizing problem scores (range 0-105; a.=.91)
were calculated as the sum of the aggressive behavior (18 items) and rule-breaking scales
(17 items).
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Social anxiety—Participants completed the Social Anxiety Subscale of the
Multidimensional Anxiety Scale for Children,2” which assesses humiliation/rejection (AM=4
items) and performance fears (M=3 items). Response options ranged from 0 (never true
about me) to 3 (often true about me). Social anxiety was calculated as the mean of the two
sub-scales (a=.85).

Data Screening and Analysis

Results

To identify potential sources of multicollinearity, we examined bivariate correlations
between sleep parameters and potential covariates (see Table 2). We used Spearman
correlations because sleep variables were highly kurtotic. We then used discrete-time Cox
Proportional Hazards regression?® to investigate whether each sleep parameter (sleep
duration, bedtime delay, or daytime sleepiness) prospectively predicted each substance use
outcome (first full drink, heavy drinking episode, alcohol-related consequence, puff of a
cigarette, full cigarette smoked, or use of marijuana). In this analysis, the proportional
hazard of event occurrence, given that the event did not occur at the previous time point, is
estimated based on the observed outcomes and the values of predictors. In this study, the
time interval between each assessment of the outcome was half a year, with assessments
ranging from 12.0 to 19.5 years, yielding 15 discrete time points at which either the onset or
final censoring event was allowed to occur.

We first examined unadjusted models, in which only the sleep parameter and age at sleep
assessment were modeled as predictors of substance use outcomes. Because the significance
of unadjusted and adjusted models was highly consistent, we present analyses that controlled
for confounding variables. In each model, covariates (age at sleep assessment, gender, race,
ethnicity, internalizing and externalizing problems, and social anxiety) were entered in Step
1, and sleep parameter was entered in Step 2. Deviance chi-square difference tests were used
to examine the significance of model change from Step 1 to Step 2. We then ran exploratory
models, entering all three sleep parameters simultaneously in Step 2, to determine the
relative importance of each sleep parameter. Finally, we tested whether there were
interaction effects between sleep parameters and either gender or age at sleep assessment,
using standardized values to examine interaction effects.

Descriptive Statistics

Main Effects

Descriptive data are depicted in Table 1. On average, participants reported sleeping 8.8 hours
per night (SD=1.5; Miyeekday=8-4, Mieekend=9-6). Approximately half of participants
reported having ‘a little problem’ with feeling sleepy or struggling to stay awake during the
day (49%), while fewer reported ‘no problem at all’ (38%), ‘more than a little problem’
(10%), “a big problem’ (2%), or *a very big problem’ (1%). Changes in use of alcohol,
cigarettes, and marijuana are depicted in Table 1.

Table 3 depicts the main effects of sleep parameters on onset of alcohol use, controlling for
age at sleep assessment, gender, and internalizing and externalizing behaviors. Race and
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social anxiety were not significant predictors of any alcohol use outcome and, therefore,
were removed from these models. In the prediction of first full drink of alcohol, shorter sleep
duration and greater daytime sleepiness were associated with increased odds of having had a
full drink. Specifically, for every hour of additional sleep, the probability of having had a full
drink decreased by approximately 15%; for every one unit increase in subjective daytime
sleepiness, the probability increased by approximately 26%. This pattern of outcomes was
consistent in models predicting feavy episodic drinking and alcohol-related consequences
(see Table 3).1

Table 4 depicts the main effects of sleep parameters on onset of smoking and marijuana use,
controlling for the same covariates in alcohol models in addition to race. None of the sleep
parameters were significant predictors of first puff of a cigarette or first full cigarette
smoked. However, the association between daytime sleepiness and onset of full cigarette was
not consistent over time, violating the assumption of proportional hazards. In the time-
varying model, the direction of the time-varying effect suggested that the effect of daytime
sleepiness on the onset of cigarette use became protective over time, while non-significant
overall. Shorter sleep duration was associated with increased odds of onset of marijuana use,
with odds increasing by approximately 14% with every additional hour of sleep lost.

To determine if results would change when multiple sleep parameters were included in the
same model, we entered all sleep parameters simultaneously as predictors of substance use
outcomes in Step 2 (see Table 5). Results indicated that shorter sleep duration and greater
daytime sleepiness remained independently predictive of alcohol use outcomes when both
were included in the model; however, sleep duration was no longer a significant predictor of
marijuana use.

Moderated Effects

Gender and age at sleep assessment were examined as moderators of the associations
between sleep parameters and substance use outcomes. One significant interaction emerged;
specifically, longer sleep duration was more strongly protective against the onset of
marijuana use for women than men (interaction effect=0.39, p=.02). There were no other
significant interactions between sleep parameters and either gender (effects=0.73-1.41, ps=.
20-.99) or age at sleep assessment (effects=0.80-1.24, ps=.09-.99). Because we found no
evidence of a pattern in interaction outcomes, we urge cautious interpretation of this finding.

Discussion

This study adds to a growing literature indicating that sleep health in early adolescence
prospectively predicts the onset of adolescent substance use, and extends this literature by
documenting that it does so above and beyond internalizing and externalizing behaviors.
Shorter sleep duration and greater daytime sleepiness predicted the onset of alcohol use,
heavy drinking, and alcohol-related consequences; and shorter sleep duration predicted the
onset of marijuana use. These findings were evident in male and female participants and did
not vary based on the participant’s age at sleep assessment. Thus, sleep health may play a
unique role in the onset of alcohol and marijuana use in male and female adolescents, nearly
half of whom report some problem staying awake and alert throughout the day.

J Adolesc Health. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Miller et al.

Page 7

Sleep duration and daytime sleepiness predicted each alcohol use outcome assessed. This is
consistent with previous research indicating that various aspects of poor sleep health predict
subsequent alcohol use among adolescents.>-10:12.13.15 The fact that sleep parameters
predicted substance use onset after controlling for psychiatric symptoms suggests that this
association is not due entirely to psychopathology; thus, the mechanisms underlying these
associations remain to be determined. There is some evidence that deficits in working
memory and emotion regulation may be involved. Parent- and child-reported difficulty
falling/staying asleep and overtiredness have been associated with deficits in working
memory, which in turn predict substance use among adolescents.2 Five days of ‘mild’ sleep
deprivation has also been associated with immediate impairments in adolescents’ abilities to
regulate emotions,3? which has been associated with problematic substance use.31:32 Future
research may examine these attributes as mediators of poor sleep health’s effect on alcohol
use in adolescents.

The finding that shorter sleep duration predicts the onset of marijuana use is also consistent
with previous research.1215 Although the manner by which sleep health influences
marijuana use is also unclear, similar mechanisms may underlie sleep’s impact on use of
multiple substances. For example, poor response inhibition in adolescence has been found to
mediate the effect of overtiredness in childhood on illicit drug use in young adulthood.11:15
Thus, poor sleep health may be associated with deficits in executive functioning (e.g.,
working memory, impulse control) that result in increased risk of alcohol and other drug use
in adolescents.

Our findings also suggest that the association between shorter sleep duration and onset of
marijuana use may be stronger for females than males. The number of interactions we
examined (/7=36) inflates the probability of Type | error in these analyses; therefore, this
result should be replicated before a systematic interaction by gender is concluded. That
being said, there is evidence of puberty-dependent changes in sleep that may impact
substance use outcomes; specifically, male and female adolescents who are more mature
report delayed circadian phase preferences and more sleep problems, which are associated
with increased alcohol use.? Given gender differences in the onset of puberty, future studies
may examine the extent to which male and female adolescents’ sleep patterns differ as a
function of sexual maturity and the impact of these differences on subsequent substance use.

In contrast to findings for alcohol and marijuana use outcomes, none of the sleep health
parameters assessed in this study were associated with greater odds of first tobacco use.
However, findings also indicated that the association between some sleep parameters (i.e.,
daytime sleepiness) and cigarette use is not linear over time. Rather, daytime sleepiness was
associated with sharper increases in the hazard of cigarette use at younger as opposed to
older ages, indicating that sleep may have a stronger influence on cigarette use in younger
samples. It is also possible that non-significant findings are the result of a floor effect, as
only 8% of participants had smoked a full cigarette at four-year follow-up.

Given the prevalence and significance of poor sleep health among adolescents, increased
efforts to prevent and intervene in sleep problems for adolescents are warranted. The
majority of adolescents do not receive the 9 to 9.3 hours of sleep they need per night.33
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Moreover, changes in puberty and shifts in melatonin secretion tend to result in delayed
circadian sleep phase, in which adolescents experience sleepiness later at night and wake up
naturally later in the morning. Not surprisingly, then, circadian rhythm disorders (delayed
sleep phase) and insomnia are among the most common sleep disorders diagnosed in
adolescents.33 Efforts have been made to design and evaluate behavioral interventions for
these disorders among adolescents,3* and preliminary evidence suggests that insomnia
treatment for adolescents improves both sleep outcomes and executive function.3%:36
However, few studies have examined the efficacy of sleep interventions for adolescents who
use or are at high risk for using alcohol and other drugs.3” Given the significance of sleep
health in predicting the onset of substance use in adolescents, research is needed to
determine the efficacy of sleep interventions in delaying or preventing the onset of substance
use in this population.

Data for this study were derived from a large, diverse sample of adolescents who had not yet
initiated substance use. While this sample is ideal for studying predictors of substance use
onset, the results of this study should be interpreted with limitations in mind. First, because
we excluded participants who had already used substances at the time of the first sleep
assessment, findings from our study do not represent these particularly young users.
Similarly, while a number of participants were non-White by ethnicity or race, our exclusion
criteria also resulted in differential inclusion of White over non-White participants. Second,
as data were collected as part of a larger study, only brief measures of sleep health were
available for secondary analysis. Moreover, sleep parameters were not assessed at the time
participants initiated substance use. While we corrected for this variance in analyses,
replication of these findings using more proximal sleep assessments are needed. Outcome
data were also collected via self-report, which can be subject to recall bias and social
desirability. However, adolescents have been found to provide valid estimates of their
substance use when privacy and confidentiality are assured,38-3° and self-reported sleep
patterns in adolescents correlate with measures taken via actigraphy.#? Thus, the likelihood
that objective measures of these outcomes would produce meaningfully different results is
small. Finally, future research may examine gender by sleep interactions in the context of
puberty, which is known to impact substance use.?

Sleep health is a prospective predictor of the onset of alcohol and marijuana use among
adolescents and accounts for variance in outcomes that is unexplained by internalizing and
externalizing problem behaviors. Short sleep duration and daytime sleepiness are unique
predictors of the onset of adolescent alcohol use and related problems, and short sleep
duration is associated with increased odds of marijuana use. The independent effect of sleep
on substance use within this population suggests that interventions targeting the types of
sleep problems that are common in adolescence (e.g., delayed sleep phase) may be needed.
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Demographic characteristics, sleep parameters, and substance use for participants who provided sleep and
parent report data (N=829).

N M or % SD
Ageat Tl 829 12.6 1.02
Female (%) 434 52.4 -
Non-White (%) 127 15.3 -
Hispanic (%) 97 11.7 -
Sleep duration (hours) 815 8.79 1.47
Bedtime delay (hours) 805 1.64 191
Daytime sleepiness 827 1.80 0.79
Internalizing behavior 829 5.02 5.66
Externalizing behavior 827 481 6.47
Social anxiety 829 7.28 5.26

Full drink of alcohol

Heavy episodic drinking

Alcohol problems
Puffing cigarette
Full cigarette smoking

Marijuana use

N substance-naive at first sleep assessment % reporting substance use by T74

779
779
779
771
771
77

37.7
22.2
13.7
15.7

7.9
25.1

Note.

a. .. " A
Participants who were substance-naive at initial assessment of sleep parameters and endorsed substance use at any subsequent assessment.

T1=Time 1. T7=Time 7.
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