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and Other Drug Involvement

BRANT P. HASLER, PH.D.,a,* LEVENT KIRISCI, PH.D.,a & DUNCAN B. CLARK, PH.D., M.D.a

aDepartment of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania

649

ABSTRACT. Objective: Limited prospective data indicate that premor-
bid sleep disturbances elevate the risk for subsequent alcohol and other
drug problems, yet the implications for subsequent substance involve-
ment trajectories remain unclear. In the present analyses, we examined
risk associations between sleep characteristics during late childhood and
the onset of substance use and substance use disorders into adulthood.
Method: A sample of 707 children was recruited at ages 9–13 years
and followed over seven additional visits through age 30 years. In 304
participants, fathers had a history of substance use disorder involving il-
licit drugs. Self-reported baseline sleep characteristics (restless sleep and
variable sleep timing) were assessed at approximately ages 9–13 years.
Assessment of alcohol, cannabis, and cocaine involvement occurred at
follow-up visits. Cox proportional hazard models tested sleep character-

istics as predictors of two substance-related outcomes (age at first use or
diagnosis of disorder), as well as the onset of major depressive disorder.
Results: Restless sleep at baseline significantly predicted an earlier onset
age for trying alcohol and cannabis and showed a trend toward predicting
early onset of cannabis use disorder. Restless sleep also predicted an ear-
lier onset of depression. Irregular sleep timing at baseline significantly
predicted an earlier onset age for alcohol use disorder and showed trends
toward predicting early onsets of disorders of cannabis and cocaine use.
Conclusions: Disturbed sleep during late childhood appears to acceler-
ate the onset of not only initial substance use but also the development
of clinically defined substance use disorder. Sleep-focused preventative
efforts during late childhood may reduce the incidence of mood and
substance use disorders. (J. Stud. Alcohol Drugs, 77, 649–655, 2016)
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ABUNDANT CROSS-SECTIONAL DATA and clini-
cal lore recognize that sleep disturbances are highly

prevalent among individuals with alcohol and other drug
problems (Blank et al., 2015; Conroy & Arnedt, 2014; John-
son & Breslau, 2001). A few prospective studies indicate that
premorbid sleep disturbances elevate the risk for subsequent
alcohol and drug problems (Breslau et al., 1996; Hasler et
al., 2014; Wong et al., 2004, 2010, 2015). Nevertheless, the
implications of sleep disturbances for subsequent substance
involvement remain unclear. Adolescence is a particularly
important period to study sleep and substance use relation-
ships, given that problems in both realms spike during this
time (e.g., Johnson et al., 2006; Kessler et al., 2005). Indeed,
approximately 9% of 13- to 16-year-olds meet the criteria for
current insomnia, with much higher proportions reporting
subclinical sleep problems (Johnson et al., 2006).

A few prospective studies have suggested that sleep com-
plaints precipitate alcohol and drug problems throughout
the life span. Early childhood sleep problems may predict
the onset of substance use during adolescence as well as
continued sleep problems that, in turn, predict substance
problems in young adulthood (Wong et al., 2004, 2010).
Sleep complaints among young adults increase the risk for
new-onset alcohol use disorders (AUDs) or other substance

use disorders (SUDs) (Breslau et al., 1996). Furthermore,
once an AUD is established, sleep disturbance can predict
relapse (Brower et al., 2001; Drummond et al., 1998).

Among the handful of adolescent studies examining pro-
spective sleep–substance use associations, two studies used
data from the National Longitudinal Study of Adolescent
Health (Add Health). Roane and Taylor (2008) reported
cross-sectional associations between the presence or absence
of insomnia and substance use among 4,494 participants at
baseline (Mage = 15.83 years) but no significant prospective
associations between baseline insomnia and substance use 6–7
years later. In contrast, Wong and colleagues used continuous
measures of insomnia (“trouble falling asleep”) and sleep
duration in the Add Health sample and reported that baseline
sleep predicted a range of alcohol-related problems (e.g., in-
terpersonal problems, heavy episodic [“binge”] drinking, and
drunk driving), illicit drug use, and drug-related problems at
a 1-year follow-up and, to a lesser degree, at the 6- to 7-year
follow-up (Wong et al., 2015). Finally, a longitudinal study
of 696 adolescents (ages 12–19 years) from the Pittsburgh
Adolescent Alcohol Research Center (PAARC) reported
that adolescents with AUD at baseline reported more overall
sleep disturbance—including insomnia and hypersomnia
complaints—relative to adolescents with no baseline AUD,
which persisted at 3- and 5-year follow-up visits (Hasler et al.,
2014). Furthermore, among the adolescents without baseline
AUDs, baseline insomnia (but not hypersomnia) predicted an
increase in alcohol symptoms at the 1-year follow-up. The
mixed findings among the adolescent studies underscore
the need for further clarifying the associations among sleep
disturbances and subsequent alcohol and drug outcomes.
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These prior studies suggest that the degree of risk for
various substance-related outcomes may vary according
to the nature of the sleep problem. Studies have primarily
focused on the consequence of two categories of sleep prob-
lems: insomnia and/or insufficient sleep duration. A third
category of sleep problem—variability in sleep timing and/
or duration—has received less attention in prospective stud-
ies. In adolescents, sleep variability may be operationalized
as the difference between weekday and weekend sleep and
is thought to reflect the degree of circadian misalignment
(or “social jet lag”) suffered because of imposed academic
schedules (Hasler & Clark, 2013; Wittmann et al., 2006).
Given cross-sectional evidence that sleep variability is as-
sociated with increased substance involvement (Hasler &
Clark, 2013), it is important to examine prospective as-
sociations between sleep variability and substance-related
outcomes. Of note, among adolescents without baseline
AUDs in the aforementioned PAARC study, larger weekday–
weekend differences in sleep duration at baseline predicted
more alcohol symptoms 3 and 5 years later.

The present study examines sleep characteristics and
subsequent substance use outcomes in a sample enriched for
high-risk characteristics followed from late childhood (ages
9–13 years) over eight visits through age 30 years at the
Center for Education and Drug Abuse Research (CEDAR) at
the University of Pittsburgh. The CEDAR protocol includes
an extensive substance use assessment, including direct
assessment of both parents via interviews. Prior CEDAR
analyses have identified a variety of important contributors
to adolescent and adult SUDs (Clark et al., 1999; Moss et
al., 1999; Vanyukov et al., 2003) but have not yet focused on
sleep. The present study assessed two distinct sleep param-
eters relevant to adolescence: restless sleep, as an indicator
of insomnia, and variability in sleep timing, as an indicator
of sleep/circadian misalignment. Substance-related outcomes
focused on first use and first diagnosis of a disorder for alco-
hol, cannabis, and cocaine. We predicted that more restless
and variable sleep at baseline would predict the earlier onset
of substance use and earlier diagnosis of a disorder. We also
examined whether restless and variable sleep would show
differential associations with the various substance-related
outcomes. Last, we tested whether the two sleep parameters
predicted the onset of depressive disorders, given abundant
prior evidence of sleep disturbance as a risk factor for de-
pression (Baglioni et al., 2011).

Method

Participants

Participants were 707 children who were identified, re-
cruited, and initially assessed in late childhood (ages 9–13
years) by contacting their biological fathers. Recruitment
occurred through multiple sources, including treatment pro-

grams, advertisements, and random-digit dialing. All parents
provided written informed consent; children provided assent.
The study was approved by the Institutional Review Board
of the University of Pittsburgh.

Recruitment used a high-risk design based on paternal
SUD history, including (a) children of fathers with SUDs
(n = 304), (b) children of fathers with other psychiatric
disorders but no SUDs (n = 76), and (c) children of fathers
without SUDs or other major psychiatric disorders (n = 327)
(Clark et al., 2001). Fathers were considered to have SUDs
if structured clinical interviews (as described in Clark et
al., 2001) determined that they ever met Diagnostic and
Statistical Manual of Mental Disorders, Third Edition, Re-
vised (DSM-III-R; American Psychiatric Association, 1987),
criteria for abuse or dependence involving illicit substances
(i.e., substances other than nicotine, caffeine, or alcohol).
Other psychiatric disorders were not exclusionary for the fa-
thers with SUDs. Maternal SUDs were similarly diagnosed,
although they did not affect inclusion/exclusion decisions.
This approach was intended to lead to the acquisition of a
sample including a substantial proportion of children likely
to develop accelerated substance use trajectories during
adolescence and subsequently to meet diagnostic criteria for
SUDs.

In addition to the baseline assessment (Visit 1: approxi-
mately ages 10–12 years), the study included information
from seven follow-up visits that assessed participants
throughout adolescence and early-middle adulthood. The
visits were scheduled at ages 12–14 years (Visit 2), 16 years
(Visit 3), 19 years (Visit 4), 22 years (Visit 5), 25 years
(Visit 6), 28 years (Visit 7), and 30 years (Visit 8); partici-
pants were assessed as close to these ages as possible.

Although the original sample included 732 participants,
we excluded 18 participants who did not report either Eu-
ropean American or African American ancestry in order to
improve interpretability of differences between those groups.
(Among those 18 “other” participants, no specific race/eth-
nicity group had sufficient numbers to be interpretable.) Of
the remaining 714 participants, 7 (1%) were missing data on
one or both parents’ SUD history. Thus, the initial sample
of 707 participants for the present analyses included 204
females and 503 males (28.9% and 71.1% of the sample, re-
spectively), with 562 participants with a European American
background and 145 with an African American background
(79.4% and 20.5% of the sample, respectively). The mean
age at baseline (Visit 1) was 11.39 years (SD = 0.91) (range:
9.42–13.34), and the mean age at the last visit completed
was 22.66 years (SD = 5.02) (range: 10.00–31.34).

Measures

Sleep variables were based on two subscales, originally
derived via factor analysis from the Dimensions of Tempera-
ment Survey–Revised (DOTS-R; Windle & Lerner, 1986):
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Activity-Sleep and Rhythmicity-Sleep. In the original vali-
dation study, these subscales had Cronbach’s alphas of .81
and .69, respectively, in a sample of sixth graders. In the
current sample, Cronbach’s alphas were .78 and .61, respec-
tively. Each of these scales was based on four or six 4-point
response scales ranging from 1 (usually false) to 4 (usually
true). Activity-Sleep (score = 4–16) assessed restless sleep,
with representative items including, “I move a great deal in
my sleep” and “In the morning, I am still in the same place
as I was when I fell asleep” (reverse scored). Rhythmicity-
Sleep (score = 6–24) assessed variability in sleep timing,
with representative items including, “I wake up at different
times” (reversed scored) and “I seem to get sleepy just about
the same time every night.”

The assessment of alcohol, cannabis, and cocaine involve-
ment determined the age at first use utilizing an adaptation
of the Lifetime Alcohol Use History (Clark et al., 2001;
Skinner & Allen, 1982; Skinner & Horn, 1984). Determina-
tion of AUD and SUD diagnoses occurred via a modified
version of the Structured Clinical Interview for DSM-IV
(First et al., 2002; Martin et al., 1995, 2000). At each as-
sessment, subjects were asked about the period since the
prior assessment or, for the first assessment, their lifetime.
The onset dates were estimated to the nearest month. Prior
research has shown that onset dates for SUD symptoms and
diagnoses can be reliably assessed in adolescent samples
(Martin et al., 2000).

Given abundant evidence that sleep problems are a risk
factor for depression (e.g., Baglioni et al., 2011), a diagnosis
of major depression was also considered in the analyses.
Major depression was assessed by the CEDAR version of
the Schedule for Affective Disorders and Schizophrenia (see
Clark et al., 1997).

Covariates of interest included sex (i.e., male and female),
age at baseline (Visit 1), race (dichotomized between Euro-
pean American and African American), and the presence of
parental SUD. Diagnoses of parental SUDs were made by
DSM-III-R (American Psychiatric Association, 1987), the
latest DSM edition when the study was initiated. Sex was
coded as 1 (male) and 2 (female). Race was coded as 1 (Eu-
ropean American) and 3 (African American). The presence
of parental SUDs was coded as 0 (neither parent; n = 377), 1
(one parental SUD; n = 220), or 2 (both parents with SUDs;
n = 110).

Data analyses

Cox proportional hazard models in IBM SPSS Statistics
for Windows, Version 21 (IBM Corp., Armonk, NY), tested
sleep characteristics as predictors of the onset of alcohol
and drug outcomes. The independent variables were restless
sleep and variability of sleep timing (sleep rhythmicity) at
Visit 1 (ages 10–12 years). These variables were converted
to z scores before inclusion in the hazard models to facilitate

interpretation. The dependent variables were the first age at
which participants tried alcohol, cannabis, or cocaine and
the first age at which participants were diagnosed with an
alcohol, cannabis, or cocaine use disorder. We also ran a
parallel model using the age at which participants were first
diagnosed with a depressive disorder. All models included
sex, age at Visit 1, race, and the presence of parental SUD
as covariates. In the present sample of 707 participants,
no data were missing for the sleep variables, covariates, or
baseline-dependent variables. With regard to missing data
in the dependent variables after baseline, Cox proportional
hazard models use all available data; thus, all individuals
are included in the analysis. The test statistic was Wald’s
chi-square test.

Results

Baseline sleep characteristics

At baseline, the mean DOTS-R Activity-Sleep (rest-
less sleep) was 10.43 (SD = 3.45, range: 4–16), and mean
DOTS-R Rhythmicity-Sleep (variability of sleep timing) was
15.45 (SD = 3.65, range: 6–24). There were no significant
sex differences on either variable (restless sleep: t = 0.53, p
= .60; variability of sleep timing: t = -0.17, p = .86). African
American participants reported more variable sleep timing (t
= 2.48, p = .01) relative to European American participants.
There were no ethnic differences in restless sleep (t = 0.99,
p = .32).

Ages at onset for alcohol and drug involvement

The number of participants with (and mean ages at onset
for) substance use, from youngest to oldest, were as fol-
lows: alcohol (n = 575; Mage = 15.15 [SD = 2.92]), cannabis
(n = 415; Mage = 15.86 [SD = 2.26]), and cocaine (n = 67;
Mage = 19.91 [SD = 3.63]). The mean ages at diagnosis for
the substance use and depressive disorders, from youngest
to oldest, were as follows: cannabis use disorder (n = 181;
Mage = 16.98 [SD = 2.41]), AUD (n = 195; Mage = 17.77 [SD
= 2.67]), cocaine use disorder (n = 37; Mage = 20.08 [SD =
3.15]), and depressive disorder (n = 206; Mage = 26.78 [SD
= 3.62]).

Sleep-related risk of alcohol and drug involvement

Based on the Cox proportional models with variance ac-
counted for by covariates, more restless sleep predicted an
earlier onset of alcohol use and cannabis use (Figures 1A
and 1B) but not cocaine use. A 1-SD increase in the Activity-
Sleep scale (3.45 points) was associated with an 11% faster
onset to alcohol use and a 13% faster onset to cannabis use
(Table 1). More restless sleep also showed a trend toward
predicting an earlier onset of cannabis use disorder (15%
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FIGURE 1. The cumulative frequency of substance outcomes over time as
predicted by sleep during late childhood. Specifically, more restless sleep
predicted an earlier onset of alcohol use (A) and cannabis use (B), while
more variable sleep timing predicted an earlier onset of alcohol use disorder
(C). For the sake of illustration, participants were classified into four groups
for each sleep measure: participants with scores less than -1 SD from the
mean, participants with scores in between -1 SD and the mean, participants
with scores in between the mean and +1 SD, and participants with scores
greater than +1 SD from the mean. DOTS-R = Dimensions of Temperament
Survey–Revised.

faster rate per SD) but did not predict AUD or cocaine use
disorder. More restless sleep also predicted an earlier de-
pressive disorder onset; specifically, a 1-SD increase in the
Activity-Sleep scale was associated with a 23% faster onset
to depressive disorder (Table 1).

Variability of sleep timing did not predict the onset of
alcohol, cannabis, or cocaine use. More variable sleep tim-
ing predicted an earlier onset of AUD (Figure 1C; also see
Table 1) and showed trends toward predicting earlier onset

of cannabis use disorder and cocaine use disorder. Specifi-
cally, a 1-SD increase in the Rhythmicity-Sleep scale (3.65
points) was associated with an 18% faster onset to AUD, a
12% faster onset to cannabis use disorder, and a 28% faster
onset to cocaine use disorder (Table 1). Variability of sleep
timing did not predict onset of depressive disorder.

Full models with statistics for all variables are shown in
Supplemental Tables S1 and S2.

Discussion

Our findings indicate that sleep characteristics during late
childhood are predictive of subsequent alcohol and drug in-
volvement during adolescence and young adulthood; that is,
more disturbed sleep appears to accelerate the onset of not
only initial substance use, but also the development of clini-
cally defined SUDs. Complementing prior studies in other
age groups (Breslau et al., 1996; Wong et al., 2004, 2010),
restless sleep in late childhood predicted an accelerated al-
cohol and cannabis use onset that was not seen for cocaine
use. We also report a more novel finding: more variable sleep
timing predicts an accelerated AUD onset. Together, these
findings add to the growing literature suggesting that child-
hood sleep disturbance is a risk factor for later substance
involvement during adolescence.

Self-reported restless sleep predicted an earlier onset of
alcohol and cannabis use but not cocaine use. Interpreting
restless sleep as an indicator of insomnia or difficulty sleep-
ing, this finding is consistent with other research showing
that sleep difficulty predicts the earlier onset of alcohol
and other drug use (Breslau et al., 1996; Wong et al., 2004,
2010). This may be explained in part by individuals with
difficulty sleeping turning to alcohol and cannabis for their
sedating properties. Based on this explanation, the lack of
predictive association with the onset of cocaine use may be

A

B

C
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attributable to cocaine’s stimulating effects, although said
effects could potentially be used to counteract the daytime
fatigue typical of insomnia (Riedel & Lichstein, 2000). Our
findings are similarly in line with a small study conducted
with actigraphy in children of alcoholics (COAs) that found
that the COAs had higher average nocturnal activity as
compared with non-COAs (Conroy et al., 2015). Restless
sleep also predicted an earlier onset of major depression in
the current sample, consistent with a large body of research
(Baglioni et al., 2011). Sleep disturbance may be dysregulat-
ing positive and/or negative affectivity (Buysse et al., 2007),
which could provide an alternative, not mutually exclusive,
mechanistic explanation for accelerated onset to substance
use.

We also found that more variable sleep timing predicted
an earlier AUD diagnosis. This complements our previous
finding that larger weekday–weekend differences in sleep
duration during adolescence predicted increases in AUD
symptoms at 3- and 5-year follow-ups (Hasler et al., 2014).
Together, these findings are coherent with a larger cross-
sectional literature indicating that variability in sleep timing
during adolescence is associated with a host of problems,
including substance involvement, mood disorders, and
academic problems (Fuligni & Hardway, 2006; Haraszti
et al., 2014; O’Brien & Mindell, 2005; Pasch et al., 2010).
Variable sleep timing, particularly the marked differences in
weekday and weekend sleep, is presumed to result in part
from a mismatch between teens’ predisposition toward later
sleep timing and the earlier schedules imposed by secondary
education (Hasler & Clark, 2013; Wittmann et al., 2006).
This predisposition is not driven purely by social concerns
but has a biological basis in later timing of circadian rhythms
and apparent developmental differences in the homeostatic
regulation of sleep (Hagenauer et al., 2009). This explana-
tion remains speculative, as the current study did not include
measures of circadian rhythms (e.g., melatonin) or homeo-
static pressure (e.g., electroencephalography) that would

allow us to test this. Last, the variability in sleep timing
could also reflect a lack of parental monitoring and control
over sleep schedules, which would still be developmentally
appropriate during early adolescence.

Some limitations of the present study are important to
consider. First, the sleep variables were based on self-report
items that have not been validated against more widely used
subjective (e.g., sleep diaries) and objective (e.g., actigraphy)
sleep measures. In addition, the Rhythmicity-Sleep scale
had relatively low internal consistency. That said, these are
limitations of the child and adolescent sleep literature more
broadly, given the lack of validated sleep measures for these
age groups, and questionable psychometrics among some
existing measures (reviewed in Lewandowski et al., 2011;
Spruyt & Gozal, 2011). A logical follow-up study would
include actigraphic sleep measures, particularly given the
conceptual overlap between the restless sleep measure in this
study and the fragmentation index in actigraphy. Of note, the
significant risk association between the Activity-Sleep scale
and onset of depressive disorders provides predictive validity
for this measure, given overwhelming evidence that insomnia
predicts the onset of first depressive episodes (Baglioni et al.,
2011).

Next, although our high-risk sample provides a more
efficient route to examining associations with significant
substance involvement in a smaller sample than those used
in population-based samples, it is necessarily limited in
terms of population-wide generalizability. Last, the present
study focused on a limited range of risk factors, precluding
examination of how sleep problems might associate and/or
interact with other demonstrated risk factors. For example,
sleep problems show heritability during childhood and ado-
lescence (Gehrman et al., 2011; Moore et al., 2011), and
it remains unknown how various genetic risk factors for
substance abuse (Vanyukov et al., 2003) may overlap with
those for sleep problems and/or confer additive vulnerability.
Furthermore, as noted, lack of parental monitoring may con-

TABLE 1. Results from Cox proportional hazards models

Activity-Sleep Rhythmicity-Sleep

Variable HR [95% CI] Wald χ2 p HR [95% CI] Wald χ2 p

Alcohol
Ever tried 1.11 [1.02, 1.21] 5.84 .016 0.95 [0.87, 1.03] 1.56 .21
Disorder 1.03 [0.89, 1.19] 0.15 .69 0.82 [0.71, 0.95] 6.67 .01

Cannabis
Ever tried 1.13 [1.02, 1.24] 5.31 .021 0.96 [0.87, 1.06] 0.71 .39
Disorder 1.15 [0.98, 1.34] 3.08 .079 0.88 [0.75, 1.02] 2.76 .097

Cocaine
Ever tried 1.09 [0.86, 1.40] 0.51 .48 0.95 [0.74, 1.22] 0.19 .66
Disorder 0.97 [0.70, 1.35] 0.03 .86 0.72 [0.51, 1.01] 3.71 .054

Depressive
Disorder 1.23 [1.06, 1.42] 7.43 .006 0.96 [0.83, 1.11] 0.32 .57

Notes: HR = hazard ratio; CI = confidence interval. All models included sex, age at Visit 1, race, and the presence of parental
substance use disorder as covariates. We also explored interactions between the sleep predictors and other covariates, but no
interactions were statistically significant.



654 JOURNAL OF STUDIES ON ALCOHOL AND DRUGS / JULY 2016

tribute to sleep problems and is also a well-established risk
factor for initiation of substance use (e.g., Chilcoat & An-
thony, 1996). Follow-up studies should investigate whether
parental monitoring serves as a common risk factor for both
sleep and substance use problems or whether a mediation
pathway through sleep problems might exist.

In conclusion, restless sleep and variable sleep timing
during late childhood was associated with an accelerated
onset of substance use and clinically defined SUD during
adolescence and early adulthood. These findings buttress a
growing literature indicating that childhood and adolescent
sleep disturbance is a vulnerability factor for substance
involvement, possibly operating through mood disorders or
altered reward mechanisms (Hasler & Clark, 2013; Hasler et
al., 2015). Fortunately, sleep problems are a modifiable risk
factor; the means to address this vulnerability are available at
both the individual and systemic levels. Effective approaches
to managing adolescent sleep at the individual level include
cognitive-behavioral therapies for insomnia, melatonin, and
bright light (Gradisar et al., 2011; van Geijlswijk et al.,
2010). Furthermore, districts that have delayed school start
times have demonstrated corresponding benefits such as
improved grades, reduced depression, and decreased automo-
bile accidents (Danner & Phillips, 2008; Owens et al., 2010).
Sleep-focused preventative efforts during late childhood and
early adolescence may be an important and effective means
to reduce the incidence of mood disorders and SUDs that
can persist well into adulthood.
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