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Background: No prospective studies exist on the relationship between sleep problems early in life and
subsequent alcohol use. Stimulated by the adult literature linking sleep problems to the subsequent onset
of alcohol use disorders in some adults, we examined whether sleep problems in early childhood predicted
the onset of alcohol and other drug use in adolescence and whether such a relationship was mediated by
other known predictors of this relationship, namely, attention problems, anxiety/depression, and aggression
in late childhood.

Methods: This study is part of an ongoing longitudinal study of the development of risk for alcohol and
other substance use disorders. Study participants were 257 boys from a community-recruited sample of
high-risk families.

Results: Mothers’ ratings of their children’s sleep problems at ages 3 to 5 years significantly predicted an
early onset of any use of alcohol, marijuana, and illicit drugs, as well as an early onset of occasional or
regular use of cigarettes by age 12 to 14. Additionally, although sleep problems in early childhood also
predicted attention problems and anxiety/depression in later childhood, these problems did not mediate the
relationship between sleep problems and onset of alcohol and other drug use.

Conclusions: This is, to our knowledge, the first study that prospectively examines the relationship
between sleep problems and early onset of alcohol use, a marker of increased risk for later alcohol problems
and alcohol use disorders. Moreover, early childhood sleep problems seem to be a robust marker for use of
drugs other than alcohol. Implications for the prevention of early alcohol and other drug use are discussed.

Key Words: Sleep Problems, Alcohol Use, Drug Use, Onset of Alcohol Use, Onset of Drug Use.

SLEEP PROBLEMS, PRIMARILY insomnia, have
been shown to predict subsequent onset of alcohol

disorders among some adults [reviewed in Brower (2001)],
but the processes by which this relationship has evolved
remain unknown. Work by Roehrs et al. (1999) demon-
strated that insomniacs were more likely than controls to
choose an alcoholic versus placebo beverage at bedtime,
suggesting that alcohol may be more reinforcing in insom-
niacs than controls. Moreover, although the connection
between sleep problems and alcohol disorders has aroused
considerable interest among adult alcoholism researchers,
the possibility that sleep problems may play a causal role in
the onset of alcohol problems, alcoholism, and other drug
involvement has been largely overlooked in the child and
adolescent literature. No prospective studies exist on the
relationship between sleep problems and alcohol use early

in life. However, cross-sectional studies suggest that sleep
problems are positively related to substance use in adoles-
cence (e.g., Johnson and Breslau, 2001; Tynjala et al., 1997;
Vignau et al., 1997). This study prospectively examined the
relationship between sleep problems (i.e., insomnia) and
drug use in adolescence and also probed for some plausible
mediators of that relationship.

Insomnia—i.e., difficulty falling asleep, staying asleep, or
feeling tired and not refreshed in the morning, causing the
sleeper to feel distress or impairment (American Psychiat-
ric Association, 2000; American Sleep Disorders Associa-
tion, 1997)—has been shown to predict alcohol problems
among some adults (Brower, 2001). Using data from the
Epidemiologic Catchment Area study (n � 7954), Ford and
Kamerow (1989) found that individuals who had persistent
insomnia from baseline to 1 year were 2.4 times more likely
than individuals without insomnia to develop a new inci-
dent of alcohol abuse 1 year later. However, because the
analyses did not control for psychiatric disorders at base-
line, the relationship between insomnia and alcohol abuse
could have been due to the presence of other psychiatric
disorders. Weissman et al. (1997) reanalyzed the Epidemi-
ologic Catchment Area data and included only adults with-
out a psychiatric disorder at wave 1 (n � 5240). They found
that individuals with insomnia were 2.3 times more likely
than those without insomnia to experience the first onset of
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alcohol abuse at wave 2. Breslau et al. (1996), using a
sample of 979 participants from a southeast Michigan
health maintenance organization, reported a nonsignificant
trend for an effect of prior insomnia on subsequent onset of
alcohol abuse or dependence (odds ratio, 1.72). However,
the results of all three studies are in the same direction. It
is useful to note that in the Breslau study, the relationship
between insomnia and other drug use was significant. In-
dividuals with insomnia were 2.4 times more likely to ex-
perience the onset of nicotine dependence and 7.2 times
more likely to experience the onset of drug abuse or de-
pendence. It is possible that insomnia may contribute to the
development of other substance use disorders and not only
alcohol abuse and dependence.

The effects of alcohol on sleep may contribute directly to
the development of alcohol problems. Some individuals are
motivated to use alcohol because of its effects on reducing
initial sleep latency. Almost one in five adults (19%; 26%
among those between 18 and 29 years old) have used
alcohol to help them sleep (National Sleep Foundation,
2000). In an epidemiological study of 2181 adults in the
Detroit metropolitan area, Johnson et al. (1998) found that
13% had used alcohol to help them sleep in the previous
year. In a clinical sample, Brower et al. (2001) reported that
44% of 172 alcoholics in treatment often used alcohol to
aid sleep. Yet laboratory studies indicate that acute and
chronic alcohol ingestion generally disrupts sleep patterns
during the night, despite alcohol’s initial sedative effects
(Brower, 2001; Roehrs and Roth, 2001). Moreover, indi-
viduals can develop tolerance over time to the sedative
effects of alcohol. The combination of tolerance and sleep
disruption can lead to escalations in drinking amounts and
problems (Roehrs and Roth, 2001).

Finally, insomnia has been shown to be a good predictor
of relapse among patients undergoing treatment for alcohol
dependence in at least five analyses of three study samples
(Brower et al., 1998, 2001; Foster et al., 1998; Foster and
Peters, 1999; Skoloda et al., 1979). These findings hold
even while controlling for demographic and clinical covari-
ates such as age, gender, and depressive symptoms. Poly-
somnographic measures of disturbed sleep also predict al-
coholic relapse (Brower, 2001; Landolt and Gillin, 2001).

Relatively little is known about the relationship between
sleep problems and alcohol use in adolescence. This is a
particularly interesting developmental period because
changes in both sleep/sleep habits (National Sleep Foun-
dation Sleep and Teens Task Force, 2000) and alcohol use
(Johnston et al., 2002) occur during this time. The preva-
lence of sleep problems among adolescents and young
adults is high and is increasing (National Sleep Foundation
Sleep and Teens Task Force, 2000).

A number of changes in sleep/sleep habits occur in ad-
olescence. These changes include decreases in the amount
of rapid eye movement sleep and slow-wave sleep, greater
daytime sleepiness, and tendencies to shift to a later bed-
time and waking time (phase delay), to develop irregular

sleep patterns, and to not get enough sleep (Carskadon et
al., 1993; Dahl and Carskadon, 1995; Wolfson and Carska-
don, 1998). Some of these changes, such as phase delay,
may be related to biological changes associated with pu-
berty (Carskadon et al., 1993). Psychosocial factors also
play a role, including decreases in parental monitoring and
increases in time spent with peers, homework, extracurric-
ular activities, and job commitments (NIAAA, 2000).

As noted previously, there are currently no longitudinal
studies on the relationship between sleep problems and
alcohol use (or substance use in general) in children and
adolescents. Several cross-sectional studies indicate that
sleep pattern irregularities and sleep problems may be
associated with increased alcohol use. As part of the World
Health Organization–coordinated survey of school chil-
dren’s health behavior, Tynjala et al. (1997) found an as-
sociation between later and more irregular sleep schedules,
perceived daytime tiredness, and increased use of cigarettes
and alcohol in 1057 15-year-old Finnish adolescents. In a
sample of French secondary school students, Vignau et al.
(1997) reported bivariate associations between being a
poor sleeper (defined as insomnia, needing more sleep
than others, and use of sleeping pills) and use of alcohol,
cigarettes, and illicit drugs. Using data from the US Na-
tional Household Survey on Drug Abuse, Johnson and
Breslau (2001) found a positive relationship between self-
reports of often having trouble sleeping and use of alcohol,
cigarettes, and any illicit drug in 13,381 adolescents aged 12
to 17 years. Controlling for internalizing (e.g., depression)
and externalizing (e.g., aggression) problems reduced the
associations between sleep problems and drug use. How-
ever, the relationship between sleep problems and use of
alcohol on 12 or more days remained significant, as did the
relationship between sleep problems and the use of illicit
drugs together with alcohol and/or cigarettes. These find-
ings may reflect the tendency for sleep problems, substance
use, and psychiatric problems to co-occur in the same
individuals during adolescence.

Because cross-sectional studies do not allow for testing
of temporal order, it is impossible to infer the causal rela-
tionship between sleep problems and alcohol use. More-
over, many cross-sectional studies did not separately ana-
lyze the relationship between sleep problems and alcohol
involvement before and after use and problems began.
Once onset occurs, excessive use of alcohol (e.g., binge
drinking and drunkenness) may lead to sleep disturbances,
which can start a vicious cycle of drinking to aid sleep, more
sleep disturbances, and more drinking. Thus, it is important
to take into account the reciprocal relationship of these two
factors (Brower, 2001; NIAAA, 1998). Such relationships
can be investigated only prospectively.

Externalizing problems (e.g., aggression and delin-
quency) have been shown to predict alcohol use and prob-
lems in many studies (e.g., Caspi et al., 1996; Chassin et al.,
1999; Donovan and Jessor, 1985). There is also substantial
evidence that attention problems are a risk factor for pre-
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cocious substance use (Pihl and Bruce, 1995; Pihl and
Peterson, 1991). Empirical support for the relationship
between internalizing problems (e.g., depression and anxi-
ety) and alcohol use has been less consistent (Wong MM,
Zucker RA, Stoltenberg S (2003) The relation between
depression and the development of alcohol problems. Sub-
mitted.) (Hussong et al., 2001; Zucker, 1994). Internalizing
problems probably predict alcohol use and problems only
in certain populations, e.g., women (Helzer et al., 1991),
and more generally among those who believe in the effects
of alcohol for regulating negative affect (Cooper et al.,
1992; Sher, 1994).

In addition, attention problems, externalizing problems,
and internalizing problems are all associated with sleep
problems. Sleep disturbances seem to decrease one’s ability
to regulate, control, or inhibit emotion and behavior (Dahl,
1996; Wolfson and Carskadon, 1998). Thus, poor sleep may
contribute to an increased level of these problems. For
instance, depressed individuals often have trouble sleeping,
and insomnia is a well established symptom of depression
(Beck et al., 1988; Hamilton, 1969). Insomnia has also been
shown to precede depression in adults (Chang et al., 1997;
Eaton et al. 1995). Inattention and hyperactivity were as-
sociated with sleep-related breathing disorders among chil-
dren referred to sleep centers (Guilleminault et al., 1981,
1982) and children who were seen in child psychiatry and
general pediatrics clinics (Chervin et al., 1997). Conduct
problems were positively related to symptoms of sleep-
disordered breathing, restless leg syndrome, or periodic leg
movements during sleep (Chervin et al., 2003).

We examined the relationship between sleep problems in
early childhood and the onset of alcohol and other drug use
in early adolescence. Additionally, we ascertained whether
such a relationship was mediated by attention and behav-
ioral problems in late childhood. We used a high-risk sam-
ple of children of alcoholics and matched controls who
lived in the same neighborhoods as the alcoholics (Zucker
et al., 2000).

METHODS

Participants

This study is part of an ongoing longitudinal family study of the
development of risk for alcohol and other substance use disorders (Zucker
and Fitzgerald, 1991; Zucker et al., 1996, 2000). The larger study recruited
a population-based sample of 311 alcoholic men, their partners (whose
substance abuse status was free to vary), and their initially 3- to 5-year-old
sons.* Alcoholic men were identified by population sampling methods
involving a canvass of all courts in a four-county-wide area for drunk
drivers with high blood alcohol levels and a neighborhood canvass in the
areas where the court alcoholics lived, to recruit additional alcoholics. The

neighborhood canvass recruited a control group of families who resided in
the same neighborhood as the alcoholic families but whose parents had no
lifetime history of substance abuse or dependence. Offspring of control
families were age-matched to the male child in the alcoholic family
residing in the same neighborhood [for a detailed description of recruit-
ment strategies and eligibility criteria, see Zucker et al. (1996, 2000)]. Both
biological parents were required to be living together in the same house-
hold (either as married couples or domestic partners) and to have a 3- to
5-year old son living with them at the time of recruitment. The presence
of fetal alcohol syndrome was an exclusionary criterion (Fitzgerald et al.,
1993, 1995). Analyses of benchmark indicators reported in Zucker et al.
(2000) show that the level of psychiatric comorbidity among alcoholic men
in this sample was higher than in the general US population of alcoholics
but somewhat lower than that found in clinical populations.

The current sample consists of 258 initially preschool-aged boys and
both of their biological parents (60% alcoholic families and 40% controls),
who were selected from the original study on the basis of the criterion that
they provided drinking and other drug use information when they were 12
to 14 years old. Respondents were interviewed at 3-year intervals. The
boys were 3 to 5 years old at time 1 (T1), 6 to 8 years old at time 2 (T2),
9 to 11 years old at time 3 (T3), and 12 to 14 years old at time 4 (T4). Of
the 258 participants, 219 (85%) provided data at T3, when funding diffi-
culties systematically precluded evaluation of a subset of participating
families.

This missingness fits the description of data missing at random (MAR)
(Little and Rubin, 1987; Rubin, 1976; Schafer and Graham, 2002). Data
are MAR if the distribution of missingness depends on the observed data
rather than on the missing data (Rubin, 1976; Schafer and Graham, 2002).
This is to be distinguished from data missing completely at random, i.e.,
the missing values are a random subsample of the entire dataset and are
not dependent on either the observed or the missing data. Planned miss-
ingness, where the missing data are not intended to be collected, is known
to meet the assumptions of either missing completely at random or MAR,
depending on how the researchers planned the missingness. If data are not
collected from the respondents on the basis of certain criteria, e.g., an
observed characteristic known to the researcher, then the assumptions for
MAR hold. In the Michigan Longitudinal Study, data from some families
(e.g., those with children too old for the study wave) were not collected
because of funding constraints. This type of missingness fits the assump-
tion of MAR. The data were imputed by the expectation-maximization
algorithm. The algorithm estimates missing data by using an iterative
process and is superior to methods such as mean-substitution and regres-
sion imputation (Graham and Hofer, 2000).

All families were Caucasian Americans. In the study sampling area, less
than 4% of the population meeting inclusion criteria was non-Caucasian.
Given the study’s sample size, if non-Caucasian ethnic/racial groups were
included, the number available would not permit any effective analysis.
Because there is an extensive literature showing a relationship between
substance abuse and ethnic/racial status, including such variation in the
study without being able to statistically model its effects would only
contribute to error. Therefore, the investigators originally opted to ex-
clude this variation. The study is currently recruiting an additional sample
of both African American and Hispanic families by using parallel recruit-
ment criteria.

Procedures

Trained interviewers who were blind to family diagnostic status col-
lected the data. The contact time for each family varied, depending on the
data collection wave. Typically, each parent was involved for 9 to 10 hr and
each child for 7 hr spread over seven sessions. A variety of age-appropriate
tasks (e.g., questionnaires, semistructured interviews, and interactive
tasks) were administered, and most of the contacts occurred in the fami-
lies’ homes. Special arrangements were made to collect data from families
who had relocated. No families were lost because of relocation.

* The 3- to 11-year-old daughters in the families were also invited to
participate in the longitudinal study after the study began. Most of these girls
joined the project at ages 6 to 11; i.e., they missed the time 1 data collection
wave. More recently, the study has recruited an additional sample of girls that
begins at time 1. We plan to analyze those data as soon as they become
available.
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Measures

Sleep problems in early childhood (ages 3–5 years) were measured by
mothers’ ratings on the Child Behavior Checklist–Parent Version (CBCL)
(Achenbach, 1991). The CBCL is a widely used instrument that measures
common behavioral problems among children. Its reliability and validity
have already been demonstrated (Achenbach, 1991; Achenbach and Edel-
brock, 1983). Two items were used to indicate sleep problems: overtired-
ness and having trouble sleeping. Responses to each item were scored on
a three-point rating scale (0 � not true; 1 � somewhat or sometimes true;
2 � very true or often true). A relatively small percentage of the sample
had a score of 2 on either item (for trouble sleeping, 7.6% had a score of
1 and 4.4% had a score of 2; for overtiredness, 25.9% had a score of 1 and
2% had a score of 2). Therefore, each item was recoded as a dichotomous
variable (0 � not true; 1 � sometimes or often true). Children who were
rated as having problems sleeping were also more likely to be rated as
overtired [�2(1) � 14.03; p � 0.001]. Given this relationship, the two items
were combined to form a composite indicator of sleep problems (0 �
absence of either problem; 1 � presence of either problem). The effects
of the two sleep items and the composite indicator on drug use were
examined separately in the analyses.

Attention problems in late childhood (ages 9–11) were measured by
mothers’ ratings of the attention problems subscale on the CBCL (Achen-
bach, 1991). This subscale consists of 11 items (e.g., cannot concentrate,
cannot sit still; Cronbach � � 0.72). Anxiety/depression problems in late
childhood (ages 9–11) were measured by mothers’ ratings of the anxiety/
depression subscale of the CBCL (Achenbach, 1991). There are 14 items
in this subscale (e.g., feels worthless, complains of loneliness, cries a lot;
Cronbach � � 0.77) Aggression in late childhood (ages 9–11) was mea-
sured by mothers’ ratings of the aggressive behavior subscale of the CBCL
(Achenbach, 1991). The subscale consists of 20 items (e.g., gets in fights,
physically attacks people, bullies; Cronbach � � 0.87).

Drinking and drunkenness in early adolescence (ages 12–14) were
assessed by the Drinking and Other Drug Use History Questionnaire–
Youth Version (DDHQ-Y; Zucker and Fitzgerald, 2002). All of the items
have been extensively used in a variety of survey and clinical settings. The
questionnaire measures the frequency and quantity of alcohol use and
problems and the frequency of other drug use and problems. Two items
were used to assess the onset of drinking and drunkenness: “How old were
you the first time you ever took a drink (not just a sip)?” and “How old
were you the first time you drank enough to be drunk?” From these
responses, information on early onset of drinking and drunkenness was
generated (0 � absence of use by ages 12–14; 1 � presence of use by ages
12–14). Early onsets of drinking and drunkenness have been shown to be
very robust predictors of subsequent alcohol problems (Grant and Daw-
son, 1997; Gruber et al., 1996).

Cigarette, marijuana, and other drug use in early adolescence (ages
12–14) were also measured by the DDHQ-Y. In addition to cigarettes and
marijuana, the DDHQ-Y also asked questions about use of illicit drugs.
These included inhalants (e.g., glue and aerosol spray), amyl or butyl
nitrites, amphetamines, lysergic acid diethylamide and other psychedelic
drugs, crack and other forms of cocaine, anabolic steroids, tranquilizers
such as methaqualone (Quaaludes), heroin, and opioids other than heroin.
Lifetime use of cigarettes was indicated by the item, “Have you ever
smoked cigarettes?” More than a quarter of the participants (28%) re-
ported having smoked cigarettes. Because being an occasional or regular
smoker (i.e., those who smoked more than once or twice) presented a
more serious health risk than smoking once or twice in one’s lifetime, we
coded the cigarette use variable so that nonusers and those who used
cigarettes only once or twice were put in the same group, whereas those
who used cigarettes occasionally or regularly were put in another group.
Lifetime use of marijuana was measured by the question, “On how many
occasions (if any) have you smoked marijuana or hashish in your life-
time?” Questions about the use of other illicit drugs were worded simi-
larly. From these items, information about early onset of use for each drug
was coded 0 for absence of use by age 12 to 14 and 1 for presence of use
by age 12 to 14.

Parental alcoholism when children were 3 to 5 years of age was assessed
by the Short Michigan Alcohol Screening Test (Selzer et al., 1975), the
Diagnostic Interview Schedule Version III (Robins et al., 1980), and the
Drinking and Drug History Questionnaire (Zucker et al., 1990). Both
fathers and mothers independently provided information on all three
instruments. On the basis of this information, a diagnosis of alcohol abuse
or dependence in the past 3 years was made by a trained clinician using
DSM-IV criteria (a lifetime diagnosis was also made but was not used in
this study). The diagnosis was scored as follows: 0 � no diagnosis, 1 �
alcohol abuse, 2 � alcohol dependence without physical dependence, and
3 � alcohol dependence with physical dependence. The interrater reli-
ability for this measure was 0.81. A score of parental alcoholism was
created from these diagnoses—0 � no diagnosis in either parent in the
last 3 years or 1 � alcohol diagnosis (abuse or dependence) in either
parent in the last 3 years.

Analytical Plan

We first ascertained whether early childhood sleep problems predicted
an early onset of drinking, drunkenness, and other drug use in adoles-
cence. Parental alcoholism and age (respondents were between the ages of
12 to 14 years) have been shown to predict these outcomes; therefore,
their effects on substance use were controlled for in the analyses. Because
outcomes were dichotomous (0 � absence of use; 1 � presence of use),
logistic regression models were performed to estimate the effect of sleep
problems on substance use while holding constant the effects of parental
alcoholism and the child’s age, i.e., estimating the relationship between
sleep problems on substance use in the presence of parental alcoholism
and age. Five series of logistic regression models were estimated, corre-
sponding to each of the five outcome variables: early onset of drinking,
drunkenness, occasional or regular cigarette use, marijuana use, and illicit
drug use (i.e., marijuana and other drugs excluding alcohol and ciga-
rettes). We combined all illicit drugs into one category because of the low
rate of use for each drug other than marijuana (range, 0–5.7%). In each
series, separate analyses were run for each of the three predictor sleep
variables: trouble sleeping, overtiredness, and the composite indicator of
sleep problems (either trouble sleeping or overtiredness).

Following Baron and Kenny (1986), a number of steps were taken to
estimate whether attention problems, anxiety/depression, or aggression in
late childhood mediated the effect of early childhood sleep problems and
adolescent substance use. First, we ascertained the effects of sleep prob-
lems on each outcome while controlling for parental alcoholism and age.
If a significant relationship was established, we proceeded to the second
step—examining whether the effects of sleep problems on each potential
mediator were significant. Because these mediators were correlated with
one another, their effects were tested in separate models. Third, we
ascertained the effect of each mediator on the outcomes while holding
constant the effect of sleep problems. Fourth, we estimated the effect of
sleep problems on the outcomes while the mediators were held constant.
Evidence of mediation was observed when the effect of sleep problems on
the outcomes decreased (partial mediation) or disappeared (full media-
tion) in the presence of the mediator. Because of the possible nonlinear
relationship between the mediators and the outcomes (e.g., only children
with more severe behavioral problems may develop substance use), in
addition to using each mediator as a continuous variable, each was also
evaluated as a dichotomous variable. Using the 75th percentile scores as
the cutoff, we separated children into groups of low and high attention
problems, anxiety, and aggression.

RESULTS

Descriptive statistics on all variables are presented in
Table 1. Close to two thirds (60.3%) of the children in the
study had at least one alcoholic parent. At ages 3 to 5, more
than one tenth of children were rated as having trouble
sleeping and more than one quarter were rated as over-
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tired. One third (33.5%) of the children had either sleep
problem. Having an alcoholic parent did not significantly
increase the risk of childhood sleep problems [�2(1) �
0.33]. In addition, parental alcoholism at ages 3 to 5 was not
significantly related to attention problems [t(255) �
�0.60], anxiety/depression [t(195.01) � 0.27], or aggression
[t(255) � �1.11] at ages 9 to 11. By ages 12 to 14, close to
one third of the participants (31.9%) had started drinking.
Of those who drank, more than one third (40.2%) reported
being drunk at least once. Approximately one tenth of all
participants regularly smoked cigarettes (i.e., used more
than once or twice), and 17.1% had used at least one kind
of illicit drug other than alcohol. Table 2 presents the
number of participants who had childhood sleep problems
and the onset of adolescent alcohol and other drug use.

As expected, parental alcoholism and the child’s age at
T4 predicted the onset of drinking, drunkenness, marijuana
use, and other drug use (Table 3). Occasional or regular
use of cigarettes was predicted by age, but not by parental
alcoholism. Controlling for the effect of parental alcohol-
ism and the child’s age, the presence of early childhood
sleep problems (composite indicator) significantly pre-
dicted the onset of drinking, regular cigarette use, mari-
juana use, and illicit drug use (Table 3). When compared
with children without sleep problems, those with sleep
problems in early childhood were 2.3 times more likely to
have started using alcohol by ages 12 to 14. These children
were also 2.3 times more likely than others to be occasional
or regular smokers. Moreover, when compared with their
counterparts, they were 2.6 times more likely to have used
marijuana and 2.2 times more likely to have used illicit
drugs. Sleep problems did not have a significant relation-
ship with onset of drunkenness.

The relationship between each individual sleep item and
the onset of substance use was weaker (Table 3). Having
trouble sleeping in childhood was significantly related to
onset of drinking in adolescence. Overtiredness in child-
hood significantly predicted the onset of drinking, use of
marijuana, and use of illicit drugs.

We proceeded to analyze whether the relationships

among the three measures of sleep problems and substance
use were mediated by attention problems, anxiety/depres-
sion, or aggression. Holding parental alcoholism and age
constant, we systematically tested whether measures of
sleep problems predicted behavioral problems in late child-
hood. Because of the possible nonlinear relationship be-
tween the two, we analyzed behavioral problems both as
continuous problems and dichotomous variables by using
the 75th percentile scores as the cutoff. As seen in Table 4,
sleep measures were significantly related to some of the
continuous measures of behavioral problems. However,
there was no significant relationship between any of sleep
measures and the dichotomous measures of behavioral
problems. Therefore, we focused only on the analyses using
behavioral problems as continuous variables. The compos-
ite index of sleep problems and overtiredness had a signif-
icantly positive relationship with attention problems and
anxiety. However, these two measures did not predict ag-
gression. Moreover, having trouble sleeping had no signif-
icant relationship with any of the behavioral problems.

Next we examined how the relationship between early
childhood sleep problems and adolescent substance use
changed in the presence of behavioral problems in late
childhood. Because having trouble sleeping was not related
to any of the behavioral problems, its effects on substance
use were not mediated by these problems. Similarly, be-
cause overtiredness and the composite index of sleep prob-
lems did not predict aggression, their effects on substance
use could not have been mediated by aggression. Thus, it is
not necessary to continue the mediator analyses with the
previously described variables. However, we opted to leave
trouble sleeping and aggression in the analyses to find out
whether the relationships among the sleep measures and
substance use outcomes reported in Table 3 varied in the
presence of any behavioral problems.

Table 5 showed the relationship among early childhood
sleep problems, late childhood behavioral problems, and
adolescent substance use. We included only the substance
use variables that were significantly predicted by the sleep
measures. For instance, there was no relationship between
any of sleep measures and onset of drunkenness, so we did
not include onset of drunkenness in this analysis. As shown
in Table 5, attention problems and anxiety/depression in
late childhood did not significantly predict the onset of
substance use in the presence of our sleep measures. At-
tention problems and anxiety/depression did not seem to
mediate the relationship between sleep problems and onset
of substance use. Moreover, although aggression signifi-
cantly predicted early onset of regular cigarette use, it did
not vary the relationship between sleep problems and cig-
arette use. Before including aggression in the model, the
odds ratio of sleep problems was 2.27 (p � 0.05). When
aggression was included, the odds ratio of sleep problems
remained virtually unchanged (odds ratio, 2.22; p � 0.05).

Table 1. Descriptive Statistics on All Variables (n � 257)

Variable
%

Yes Mean SD Range

Sleep problems: two-item composite
index (at 3–5)

33.5 — — 0 (no) to 1 (yes)

Trouble sleeping (at 3–5) 12.5 — — 0 (no) to 1 (yes)
Overtired (at 3–5) 27.6 — — 0 (no) to 1 (yes)

Parental alcoholism (at 3–5) 60.3 — — 0 (no) to 1 (yes)
Attention problems (at 9–11) — 3.08 2.40 0–13
Anxiety/depression (at 9–11) — 2.94 2.67 0–17
Aggression (at 9–11) — 8.27 5.09 0–31
Onset of drinking (by 12–14) 31.9 — — 0 (no) to 1 (yes)
Onset of drunkenness (by 12–14) 12.8 — — 0 (no) to 1 (yes)
Onset of occasional or regular

cigarette use (by 12–14)
12.1 — — 0 (no) to 1 (yes)

Onset of marijuana use (by 12–14) 12.9 — — 0 (no) to 1 (yes)
Onset of illicit drug use (by 12–14)

(i.e., marijuana and other drugs)
17.10 — — 0 (no) to 1 (yes)

Age (at 12–14) — 14.11 0.74 11.83–14.99
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DISCUSSION

Early childhood sleep problems seem to be a robust
marker for substance use in adolescence. Sleep problems
significantly increased the likelihood of early onset of alco-
hol, marijuana, and other drug use. Sleep problems also
increased the risk for early onset of occasional or regular
cigarette use. The relationship between sleep problems and
onset of substance use was weaker when individual sleep
items instead of the composite indicator were examined in
the logistic regression analyses. This might mean that dif-
ferent sleep problems affected the risk of substance use
differently. This could also be related to the low statistical
power of detecting significant effects for the sleep item
“having trouble sleeping”—only 12.5% of the participants
had this problem in early childhood.

Other known precursors/predictors of the early use of
alcohol and other drugs—in particular, attention problems,
anxiety/depression, and aggression—in late childhood did
not seem to attenuate the relationship among sleep mea-
sures and substance use. It might be of some concern that
these T3 measures do not present substance use outcomes,
given the substantial literature that at least links external-
izing problems to these adolescent behaviors (e.g., Caspi et
al., 1996; Chassin et al., 1999; Donovan and Jessor, 1985).
Other data from our group, reported in Zucker et al.
(2003), stress that T3 is developmentally a time when indi-
vidual differences in these behaviors are reduced (i.e., the
variability is substantially lower at the 9- to 11-year age
range). This is in contrast to the observed dispersion in
early childhood and again in adolescence. Our work indi-
cated that at both of these time periods, the effects of
externalizing and internalizing problems on substance use

outcomes were significant (Mayzer et al., 2001; Wong et al.,
2003).

This work suggests that sleep difficulties early in the life
of a child are a marker of an independent contributor to
early substance involvement. Given that early alcohol in-
volvement has repeatedly been shown to be a marker of
substantially greater risk for alcohol dependence in adult-
hood, as well as a host of adolescent problems, including
injuries, violence, and drunk driving (Gruber et al., 1996),
the fact that such a developmentally early and easily ob-
tainable measure is predictive has potentially very signifi-
cant implications as an early risk identifier. Information
about sleep problems is obtainable both at the pediatri-
cian’s office and in early health screens by the school nurse.
Because of its minimal cost, this indicator has the potential
for widespread application.

Our findings provide additional evidence, albeit in a new
domain, that the markers of adolescent alcohol and other
drug use are detectable very early in the life course. This is
far earlier than the dominant causal paradigms of later
childhood and early adolescence embraced by the field.
Evidence reviewed in an NIAAA report to congress
(NIAAA, 2000) summarizes that early externalizing prob-
lems (behavioral undercontrol and aggressiveness) are a
highly robust preschool indicator of a life course culminat-
ing in high rates of alcohol problems and alcohol depen-
dence some 15 to 20 years later. Our results suggest that
another pathway (i.e., sleep to drug onset) for these out-
comes can be identified. Given the importance of alcohol
problems as a public health problem, the potential avail-
ability of another, easily assessed marker of very early risk

Table 2. Number and Percentages of Respondents Having Childhood Sleep Problems and Onset of Adolescent Alcohol and Other Drug Use

Sleep Problems Trouble Sleeping Overtired

No Yes No Yes No Yes

Onset of drinking
No 127 48 159 16 134 41

72.6% 27.4% 90.9% 9.1% 76.6% 23.4%
Yes 44 38 66 16 52 30

53.7% 46.3% 80.5% 19.5% 63.4% 36.6%
Onset of drunkenness

No 153 71 197 27 166 58
68.3% 31.7% 87.9% 12.1% 74.1% 25.9%

Yes 18 15 28 5 20 13
54.5% 45.5% 84.8% 15.2% 60.6% 39.4%

Onset of occasional or regular cigarette use
No 156 70 200 26 167 59

69.0% 31.0% 88.5% 11.5% 73.9% 26.1%
Yes 15 16 25 6 19 12

48.4% 51.6% 80.6% 19.4% 61.3% 38.7%
Onset of marijuana use

No 155 68 198 25 167 56
69.5% 30.5% 88.8% 11.2% 74.9% 25.1%

Yes 15 18 26 7 18 15
45.5% 54.5% 78.8% 21.2% 54.5% 45.5%

Onset of illicit drug use
No 149 64 189 24 160 53

70.0% 30.0% 88.7% 11.3% 75.1% 24.9%
Yes 22 22 36 8 26 18

50.0% 50.0% 81.8% 18.2% 59.1% 40.9%
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represents an important new finding and a potentially im-
portant public health contribution.

It needs to be underscored, however, that the existence
of these relationships still tells us nothing about what un-
derlying mechanisms produce the problem outcome. Our
mediational analyses indicate that the pathway of effect
seems not to be through the already demonstrated path-
ways of behavioral undercontrol and inattention. However,
our analyses are not informative about the brain mecha-

nisms contributing to the sleep disturbances, nor do they
tell us how such disturbances ultimately drive the earlier
onset of alcohol and other drug use. Clearly, much more
work needs to be performed for us to understand the
epigenesis of the relationship and the neurocognitive pro-
cesses that drive it.

Given the consistency of sleep problems in predicting the
onset of a number of different classes of drugs, it would
seem that whatever mechanism is involved, it is not drug
specific. Whether the mechanism involves a common ge-
netic vulnerability (Kendler et al., 2003; Tsuang et al., 1998)
that also shows itself in a physiologic regulatory deficit such
as sleep problems or one that creates a cognitive vulnera-
bility leading to poor peer selection and higher drug expo-
sure (Donovan and Jessor, 1985) remains to be established.
A self-medication mechanism that involves using alcohol to
aid sleep may also be possible (Brower, 2001). More work
needs to be performed to understand the mechanisms that
are operating here.

This study has several limitations. First, only mothers’
ratings of sleep problems were used. Their ratings perhaps
reflect disturbances in the mother/child relationship that
are connected to early infant and toddler sleep patterns.
These disturbances may be shaped by both the character-
istics of the mother (e.g., her own alcohol problems, de-
pression, or lack of experience) and those of her toddler. At
the same time, it should be noted that we controlled for the
effect of parental alcoholism and still observed a positive
relationship between sleep problems and substance use.
Additionally, in subsequent analyses not presented here, we
also controlled for maternal depression, as measured by the
Hamilton Depression Inventory (Hamilton, 1960). The re-
lationship between childhood sleep problems and sub-
stance use outcomes did not change in the presence of
maternal depression.† Nevertheless, the effects of other
parental characteristics on the outcomes need to be con-
trolled for in future studies. Second, our analyses did not
include any information before ages 3 to 5. Data pertaining
to prenatal development and sleep/wakefulness informa-
tion in the first 3 years of life are necessary for a thorough
analysis of sleep problems in early childhood. Third, the

† We tested whether higher levels of maternal depression might adversely
affect maternal ratings of sleep problems. Maternal depression was measured
by the Hamilton Depression Inventory scores (Hamilton, 1960) in the last 3
years when children were 3 to 5 years old. Using the 75th percentile as the
cutoff point, mothers were separated into two groups based on their Hamilton
Depression Inventory scores. Preliminary analyses showed that there was no
significant relationship between these scores and mother ratings of sleep
problems [two-item composite; �2(1)�2.39]. Subsequent logistic regression
analyses using parental alcoholism, maternal depression, age of respondents
at T4, and sleep problems predicting the onset of substance use showed that
maternal depression did not significantly predict any outcomes. Moreover,
including maternal depression in the model did not alter the relationship
between sleep problems and any substance use variables. Because including
an additional independent variable has the potential to decrease statistical
power to detect significant effects from other independent variables, we
decided to exclude maternal depression as a predictor.

Table 3. The Effects of Childhood Sleep Problems on Adolescent Alcohol and
Other Drug Use

Wald �2 Odds Ratio 95% CI

Onset of drinking
Parental alcoholism 10.34 2.65** 1.46–4.80
Age 4.42 1.55* 1.03–2.33
Sleep problems 7.96 2.25** 1.28–3.96

Parental alcoholism 10.52 2.66** 1.47–4.81
Age 4.66 1.57* 1.04–2.36
Trouble sleeping 4.58 2.32* 1.07–5.03

Parental alcoholism 10.16 2.61** 1.45–4.70
Age 4.85 1.58* 1.05–2.37
Overtired 4.14 1.84* 1.02–3.32

Onset of drunkenness
Parental alcoholism 4.17 2.44* 1.04–5.72
Age 6.36 2.57* 1.23–5.36
Sleep problems 1.81 1.69 0.79–3.60

Parental alcoholism 4.4 2.49* 1.06–5.83
Age 6.56 2.62* 1.25–5.46
Trouble sleeping 0.12 1.21 0.42–3.47

Parental alcoholism 4.01 2.40* 1.02–5.64
Age 6.53 2.60* 1.25–5.40
Overtired 2.09 1.78 0.82–3.90

Onset of occasional or regular
cigarette use

Parental alcoholism 3.00 2.15 0.91–5.09
Age 4.60 2.17* 1.07–4.40
Sleep problems 4.31 2.27* 1.05–4.91

Parental alcoholism 3.26 2.21 0.93–5.20
Age 4.83 2.21* 1.09–4.49
Trouble sleeping 1.18 1.74 0.64–4.73

Parental alcoholism 3.00 2.14 0.91–5.05
Age 4.85 2.21* 1.09–4.46
Overtired 1.76 1.72 0.77–3.81

Onset of marijuana use
Parental alcoholism 4.22 2.48* 1.04–5.91
Age 8.17 3.26** 1.45–7.31
Sleep problems 6.04 2.62* 1.22–5.63

Parental alcoholism 4.61 2.56* 1.09–6.06
Age 8.42 3.33** 1.48–7.50
Trouble sleeping 2.05 2.03 0.77–5.35

Parental alcoholism 4.03 2.43* 1.02–5.77
Age 8.47 3.30** 1.48–7.37
Overtired 4.97 2.43* 1.11–5.28

Onset of illicit drug use
Parental alcoholism 6.83 2.82** 1.30–6.13
Age 8.08 2.54** 1.34–4.81
Sleep problems 5.34 2.24* 1.13–4.44

Parental alcoholism 7.21 2.88** 1.33–6.22
Age 8.4 2.57** 1.36–4.88
Trouble sleeping 1.17 1.65 0.67–4.10

Parental alcoholism 6.64 2.77* 1.28–6.02
Age 8.41 2.57** 1.36–4.86
Overtired 3.88 2.03* 1.00–4.11

* p � .05; ** p � .01; *** p � .001.
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Table 5. Relationship Among Sleep Problems, Attention Problems, Anxiety/Depression, Aggression, and Onset of Alcohol and Other Drug Use

Wald �2 O.R. 95% CI Wald �2 O.R. 95% CI Wald �2 O.R. 95% CI

Onset of drinking
PA 10.35 2.65** 1.46–4.80 PA 10.23 2.64** 1.46–4.78 PA 10.38 2.66** 1.47–4.80
Age 4.43 1.55* 1.03–2.34 Age 4.43 1.55* 1.03–2.33 Age 4.37 1.55* 1.03–2.33
SP 7.96 2.25** 1.28–3.96 SP 8.02 2.26** 1.29–3.98 SP 7.80 2.24** 1.27–3.94
Attention 0.00 1.00 0.89–1.12 Anxiety 0.46 0.96 0.86–1.07 Aggression 0.52 1.02 0.97–1.08

(0.02 0.96 0.50–1.84) (0.12 0.88 0.43–1.81) (0.27 1.19 1.03–2.33)
PA 10.51 2.66** 1.47–4.81 PA 10.46 2.66** 1.47–4.80 PA 10.54 2.67** 1.48–4.82
Age 4.62 1.57* 1.04–2.36 Age 4.68 1.57* 1.04–2.36 Age 4.56 1.56* 1.04–2.35
TS 4.57 2.32* 1.07–5.03 TS 4.55 2.32* 1.07–5.02 TS 4.50 2.31* 1.07–5.00
Attention 0.07 1.02 0.91–1.14 Anxiety 0.21 0.98 0.88–1.09 Aggression 0.78 1.02 0.97–1.08

(0.00 1.01 0.53–1.93) (0.04 0.93 0.46–1.91) (0.36 1.22 0.64–2.34)
PA 10.17 2.61** 1.45–4.70 PA 10.00 2.60** 1.44–4.67 PA 10.21 2.62** 1.45–4.72
Age 4.86 1.58* 1.05–2.37 Age 4.88 1.58* 1.05–2.37 Age 4.78 1.58* 1.05–2.36
OT 4.13 1.85* 1.02–3.34 OT 4.29 1.84* 1.03–3.38 OT 3.99 1.83* 1.01–3.29
Attention 0.04 1.01 0.90–1.13 Anxiety 0.35 0.97 0.87–1.08 Aggression 0.67 1.02 0.97–1.08

(0.01 0.97 0.51–1.85) (0.20 0.85 0.41–1.70) (0.29 1.20 0.62–2.29)
Onset of occasional or regular cigarette use

PA 2.98 2.14 0.90–5.08 PA 2.92 2.13 0.89–5.05 PA 3.04 2.16 0.91–5.14
Age 4.51 2.15* 1.06–4.37 Age 4.64 2.17* 1.07–4.39 Age 4.52 2.17* 1.06–4.43
SP 4.19 2.24* 1.04–4.87 SP 4.48 2.31* 1.06–5.02 SP 4.07 2.22* 1.02–4.83
Attention 0.52 1.06 0.91–1.23 Anxiety 0.50 0.94 0.80–1.11 Aggression 4.07 1.08* 1.00–1.15

(0.24 1.24 0.53–2.94) (0.76 0.61 0.20–1.88) (1.81 1.79 0.77–4.17)
Onset of marijuana use

PA 4.21 2.48* 1.04–5.90 PA 4.13 2.47* 1.03–5.89 PA 4.23 2.49* 1.04–5.92
Age 8.12 3.25** 1.44–7.30 Age 8.23 3.25** 1.45–7.27 Age 8.10 3.26** 1.45–7.37
SP 5.99 2.61* 1.21–5.62 SP 6.29 2.68* 1.24–5.80 SP 5.90 2.59* 1.20–5.59
Attention 0.13 0.97 0.83–1.14 Anxiety 0.79 0.93 0.78–1.10 Aggression 0.10 1.01 0.94–1.09

(0.03 1.08 0.46–2.58) (1.11 0.54 0.17–1.70) (0.39 1.32 0.55–3.17)
PA 4.01 2.42* 1.02–5.76 PA 3.87 3.39* 1.00–5.71 PA 4.06 2.44* 1.03–5.80
Age 8.42 3.29** 1.47–7.37 Age 8.57 3.30** 1.48–7.33 Age 8.40 3.31** 1.47–7.43
OT 4.90 2.42* 1.11–5.27 OT 5.58 2.59* 1.18–5.7 OT 4.83 2.40* 1.10–5.23
Attention 0.08 0.98 0.84–1.14 Anxiety 0.79 0.93 0.79–1.09 Aggression 0.16 1.02 0.95–1.09

(0.02 1.07 0.45–2.54) (1.40 0.50 0.16–1.58) (0.40 1.33 0.55–3.17)
Onset of illicit drug use

PA 6.80 2.81** 1.29–6.12 PA 6.74 2.8** 1.29–6.10 PA 6.86 2.83** 1.30–6.16
Age 7.99 2.52** 1.33–4.80 Age 8.11 2.53** 1.34–4.80 Age 8.00 2.53** 1.33–4.83
SP 5.25 2.23* 1.12–4.42 SP 5.42 2.26* 1.14–4.48 SP 5.16 2.21* 1.12–4.40
Attention 0.28 0.96 0.84–1.11 Anxiety 0.06 0.98 0.86–1.13 Aggression 0.08 1.01 0.95–1.08

(0.09 1.12 0.52–2.44) (0.22 0.80 0.32–2.02) (0.64 1.38 0.63–3.00)
PA 6.61 2.77** 1.27–6.00 PA 6.51 2.75* 1.26–5.97 PA 6.70 2.79** 1.28–6.06
Age 8.32 2.56** 1.35–4.85 Age 8.46 2.57** 1.36–4.85 Age 8.31 2.57** 1.35–4.88
OT 3.78 2.02 0.99–4.09 OT 4.10 2.08* 1.02–4.24 OT 3.72 2.00 0.99–4.06
Attention 0.19 0.97 0.84–1.11 Anxiety 0.06 0.98 0.86–1.12 Aggression 0.12 1.01 0.95–1.08

(0.08 1.11 0.52–2.41) (0.34 0.76 0.30–1.91) (0.65 1.38 0.63–3.00)

OR, odds ratio; PA, parental alcoholism; SP, sleep problems; TS, trouble sleeping; OT, overtired. Numbers in parentheses are parameter estimates from analyzing
attention problems, anxiety, and aggression as discrete variables. For ease of presentation, parameter estimates for PA, age, and sleep problems in those models were
not presented. These analyses were performed only if any of the three sleep measures (i.e., SP, TS, or OT) significantly predicted the outcomes.

* p � .05; ** p � .01; *** p � .001.

Table 4. The effects of early childhood sleep problems on attention problems, anxiety/depression, aggression in late childhood

Behavioral
Problems

As Continuous Variables As Dichotomous Variables (75th Percentile Split)

� t Wald �2 Odds Ratio 95% CI

Attention problems
Sleep problems 0.16 2.57* 2.48 1.62 0.88–2.96
Trouble sleeping 0.11 1.73 0.45 1.33 0.58–3.07
Overtired 0.14 2.31* 3.49 1.81 0.97–3.38

Anxiety/depression
Sleep problems 0.14 2.31* 0.63 1.31 0.68–2.52
Trouble sleeping 0.08 1.36 0.16 0.82 0.3–2.25
Overtired 0.16 2.58* 3.48 1.89 0.97–3.69

Aggression
Sleep problems 0.11 1.73 1.05 1.38 0.75–2.55
Trouble sleeping 0.05 0.81 0.21 1.22 0.52–2.90
Overtired 0.1 1.59 1.49 1.49 0.79–2.82

All behavioral problems were analyzed as both continuous variables and dichotomous variables. All analyses controlled for the effects of parental alcoholism and
participants’ age. For ease of presentation, they are not listed here.

* p � .05; ** p � .01; *** p � .001.
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sample contained only boys; thus, no examination of po-
tential gender differences in the relationship between sleep
problems and alcohol use was possible. We plan to include
girls’ data as soon as they become available. Fourth, as
noted previously, our sample of families was deliberately
selected so that offspring were at the high end of the
continuum of risk for alcohol use disorder. These findings
need to be replicated in other samples at high risk for drug
abuse and in general population samples. Fifth, our mea-
sures of sleep problems were limited to two mother-rated
items that do not fully capture the spectrum of childhood
sleep problems. Furthermore, overtiredness can be caused
by factors other than sleep problems, such as inadequate
nutrition. Studies using polysomnographic measures in ad-
dition to sleep questionnaires are needed.

Despite these limitations, these findings offer an intrigu-
ing new hypothesis about one of the causal factors involved
in early alcohol and other drug use. The sleep problem
measure is one that falls in the general category of indica-
tors of instability in biological rhythm, a domain that has
previously been linked to the etiology of depression and has
also been causally linked to social dysregulation (Ehlers et
al., 1988). Furthermore, as we noted previously, the pro-
spective relationship observed here has also been docu-
mented cross-sectionally in other studies of adolescents
(Johnson and Breslau, 2001; Tynjala et al., 1997; Vignau et
al., 1997). That is, sleep disturbances as reported by ado-
lescents have been positively correlated with the presence
of alcohol and other drug problems, suggesting that the
relationship observed in this study is a developmentally
robust one and that parent observer bias effects may be
relatively minimal. Finally, it is interesting to note that
sleep disturbances, particularly insomnia, are predictive of
the onset of recurring alcohol use among adult alcoholics in
remission (Brower et al., 2001); i.e., this dysregulation in-
dicator is also a marker of the re-emergence of alcohol
problems in adulthood. Taken altogether, these studies
provide a chain of evidence linking sleep disturbances to
alcohol problems across a large segment of the life span.
Given the centrality of sleep in the chronobiology of the
human organism and the public health importance of find-
ing early markers of risk of alcohol use disorder that may
also be relatively easily remedied, it is important that this
work be replicated and that the mechanisms underlying the
association be identified.
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