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Abstract

Inadequate sleep and problematic drinking are prevalent among high school students and are significant public

health issues. Inadequate sleep may contribute to alcohol use through impairments in emotion regulation or cognitive
functioning, whereas alcohol use may lead to inadequate sleep through the biological effects of alcohol or social influences.
However, the directionality of the associations between sleep and drinking variables remains unclear as most prior studies
were cross-sectional. This study utilizes longitudinal data from the NEXT Generation Health Study to examine bidirectional
associations between alcohol use and sleep adequacy in a nationally representative sample across 3 years of high school.
Students reported usual bedtimes and waketimes for scheduled- and free-days, alcohol use, and heavy episodic drinking.
Estimates of sleep duration, chronotype, and social jetlag were calculated. Cross-lagged autoregressive models revealed
evidence of alcohol use predicting subsequent sleep duration and timing, and sleep timing predicting subsequent alcohol
use. Specifically, previous-wave alcohol use predicted shorter free-day sleep duration and later chronotype at 11th and 12th
grade, and more social jetlag at 12th grade; similar results were obtained for heavy episodic drinking. Eleventh grade social
jetlag predicted subsequent year current alcohol use; eleventh grade chronotype and social jetlag predicted subsequent
year heavy episodic drinking. Bidirectional findings suggest that alcohol use and sleep may reflect mutually reinforcing

life style choices. Understanding these bidirectional associations could inform risk prevention interventions. Given the
implications of poor sleep for adolescents, further research on possible social influences on the alcohol-sleep relations is
merited. Clinical Trial Registration: NCT01031160.

Statement of Significance

Adolescent sleep is linked to health and well-being, but there is a sparsity of longitudinal studies on possible associations
of alcohol consumption with sleep duration and timing during the high school years. This study extends previous findings
on sleep duration by also examining chronotype and social jetlag. Our longitudinal findings point toward possible causal
pathways between alcohol use and sleep health. Both inadequate sleep and early alcohol use may contribute to negative
long-term outcomes related to mental and physical health. Thus, the relations between sleep and alcohol use over time
are useful to understand. If as proposed here, alcohol use represents a social influence on sleep sufficiency, strategies to
reduce alcohol use may also encourage more healthful sleep.
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Introduction

The problem of pervasive and chronically inadequate sleep
among adolescents is increasingly recognized as a public health
issue [1-3]. The social, psychological, and biological changes that
are the hallmarks of adolescence have profound effects on the
timing and duration of adolescents’ sleep, which, in turn, have
implications for health and well-being [4]. During adolescence,
there is a shift in biologic preference to later sleep timing, which
often conflicts with socially prescribed scheduling demands,
such as early school start times [4]. Short sleep duration and
evening chronotype (i.e., preference for later bedtime and morn-
ing wake time) may contribute to alcohol use through impair-
ments in emotion regulation, executive function, response
inhibition, and decision making [5, 6]. Notably, the prevalence
of drinking and heavy episodic drinking increases during high
school [7], the same period in which sleep duration declines,
and in which evening chronotype and other sleep problems are
on the rise [8, 9]. Thus, relations between inadequate sleep and
alcohol use are of interest during this developmental period.

The National Heart, Lung, and Blood Institute recommends
that adolescents get 9 to 10 hr of sleep per day [10]. However,
research in the United States and internationally indicates that
adolescents are not meeting these recommendations [3]. Research
from US national surveys, each defining inadequate sleep differ-
ently, demonstrates the prevalence of the problem. Data from the
2007-2013 Youth Risk Behavior Surveillance Survey (YRBS) indi-
cated that the majority of 9th (59.7%)-12th (76.6%) grade students
reported usually getting less than 8 hr of sleep on school nights,
with significantly more students reporting short sleep duration in
the higher grades [11]. Data from the National Longitudinal Study
of Adolescent Health (Add Health) also indicate increased preva-
lence of short sleep duration (less than 6 hr) through adolescence
and continuing into early adulthood [12]. Moreover, data from
the 1991-2012 Monitoring the Future surveys (MTF) indicate that
the proportion of adolescents reporting inadequate sleep (<7 hr
per night) has increased over time [13]. Thus, inadequate sleep
among adolescents is pervasive and increasingly a problem.

In 2015, prevalence of current drinking (30-day report) was
estimated to be 21.5% and 35.3% among 10th and 12th graders,
respectively [7]. Similarly, heavy episodic drinking (five or more
drinks on one occasion in the last 2 weeks) was 10.9% and 17.2%
among 10th and 12th graders, respectively [7]. Cross-sectional
studies of adolescents have found associations of shorter sleep
duration with increased frequency of alcohol use [6, 14] and quan-
tity of alcohol consumed on one occasion, for which higher ranges
would be equivalent to binge drinking [15]. In prospective research,
Wong et al. reported a negative association between initial sleep
duration, when participants were on average 16 years of age, and
binge drinking 1 year later, but not between sleep duration at the
second assessment and binge drinking 5 years afterwards [6]. In
a study of middle school students, shorter sleep duration was
associated with early initiation of alcohol use (first full drink) and
heavy episodic drinking within a 4-year period [16].

In addition to sleep duration, adequate sleep is defined by the
timing of the sleep period. Considering most school start times
range from 07:30 to 08:30 am, optimal weekday bedtime for high
school students is estimated to be between 10:30 and 11:30 pm
[2]. Using Add Health data, McGlinchey et al. examined sleep tim-
ing, operationalized as bedtime in summer months, in relation
to several health behaviors, including alcohol abuse [17]. Cross-
sectional and prospective analyses revealed associations between

late bedtime (after 01:00 am) and a greater likelihood of alcohol
abuse, defined as being drunk more than once in a week in the last
year. Similar associations of late bedtime with emotional distress,
criminal activity, cigarette use, and illicit drug use were reported.
O’Brien and Mindell reported that a greater discrepancy between
weekday and weekend bedtimes was associated with increased
alcohol use [14]. However, no significant associations of alcohol
use with weekday bedtime or sleep onset latency were reported in
a recent meta-analysis [18]. The difference in finding may reflect
the dissimilarities in definitions of bedtime, variability between
weekday and weekend bedtimes, and differential contributions of
bedtime and duration to overall sleep adequacy.

Delayed bedtimes during adolescence may be due in part
to chronotype, which refers to the relation of an individual’s
endogenous circadian clock to the 24-hr day [19]. People’s pref-
erences fall on a continuum of later versus earlier evening
bedtime and morning wake times [20]. Although chronotype is
generally measured by circadian biomarkers, recent research
has demonstrated the midpoint of sleep on free-days (adjusted
for potential oversleeping) to be a useful estimate [21]. Sleep
phase shifts to later during adolescence, reaching its latest point
at around age 20, after which it gradually shifts to earlier [21].
The change in timing is sensitive to social and lifestyle factors,
but chronotype has strong and consistent input from a central
circadian pacemaker in the brain and clock genes that regulate
sleep and circadian-linked functions at the cellular and organ
system level [19]. Although the shift to later is normative, having
a late chronotype relative to same age peers is associated with
increased likelihood of alcohol use. German [22], Hungarian [23],
and Japanese [24] youth with evening chronotype have been
found to have a higher frequency of alcohol consumption.

Social jetlag refers to the discrepancy between sleep timing
on scheduled days (e.g., school or work days) and unscheduled or
free days (e.g., weekend days). A shift in sleep timing on unsched-
uled days occurs due to the corrective input of biological drives
for optimal sleep period timing when there is a conflict with life-
style or environmental demands. These conflicts result can result
in suboptimal sleep period timing on scheduled days. Social jet-
lag has been posited as an explanation for the associations of
late chronotype with tobacco and alcohol use [22], and academic
performance [25]. Social jetlag tends to be most pronounced in
evening chronotypes, whose preference for later bed and wake
times conflicts with environmentally determined sleep schedules
or lifestyle choices [22]. Prospective studies among adults have
indicated that greater instability of sleep timing increased risk
for alcohol and other drug independent of and in greater mag-
nitude than the risk associated with short sleep duration [26].
Circadian systems are slow to adapt to the rapid changes in sleep
or wake cycles common during adolescence, making social jetlag
particularly interesting in this age group [27]. Tavernier et al. dir-
ectly tested the hypothesis that social jetlag explained the rela-
tion between chronotype (participants’ perceived morningness or
eveningness) and substance use (a composite of alcohol and mari-
juana use) in a longitudinal study of first year undergraduates.
Perceived eveningness was associated with greater substance use
at the subsequent time point, social jetlag was not. Moreover, both
perceived eveningness and substance use were associated with
subsequent social jetlag. Notably, greater substance use was not
associated with subsequent perceived eveningness. The authors
conclude that social jetlag is not the mechanism by which per-
ceived eveningness affects subsequent substance use [28].



There are arguments for bidirectional prospective associations
between inadequate sleep and alcohol use [8, 29]. Specifically,
short sleep duration and mistiming of the sleep period both
have deleterious effects on adolescent functioning that may lead
to increased risk of alcohol use [29, 30]. Conversely, alcohol use
may contribute to deficient sleep, which could contribute to dec-
rements in regulation of affective and cognitive functioning [27].
Pasch examined cigarette, alcohol, and marijuana use in rela-
tion to sleep duration, and two measures of weekday-weekend
sleep discrepancy, weekend sleep delay (defined as the difference
between weekday and weekend bedtime), and weekend over-
sleeping, at two time points [29]. Short sleep duration predicted
greater subsequent cigarette and marijuana use, but not alcohol
use. Alcohol use was associated with subsequent decreases in
weekend sleep duration and weekend oversleep, but not weekday
sleep duration, total sleep duration, or weekend sleep period delay.
Additional studies are warranted to explicate further the interplay
between sleep adequacy and alcohol use.

The purpose of this paper is to examine bidirectional
longitudinal associations between sleep and alcohol use in
a nationally representative contemporary sample of high
school-aged youth. This study provides a test of the relations
among measures of sleep duration, chronotype, social jet-
lag, and alcohol use, using autoregressive cross-lagged mod-
els. We expand on previous work by focusing on a younger,
larger sample than in previous studies and including heavy
episodic drinking in addition to alcohol use. We also examine
the role of social jetlag in the association between chrono-
type and alcohol use to test whether the finding of Tavernier
et al. is evident in a younger sample [28]. We include in our
analyses measures of parent monitoring, which has exten-
sively been studied in relation to adolescent alcohol use [31,
32] and is considered relevant to adolescent sleep health [3].
Additionally, we include a measure of depressive symptoms
which has a demonstrated association with increased alcohol
use [33-36] and poorer sleep [37-40].

Methods

Data are from the first 3 years (waves) of the NEXT Generation
Health Study (NEXT) spanning the last 3 years of high school.
NEXT is an on-going 7-year cohort study of multiple health indi-
cators and behaviors in a nationally representative sample of US
adolescents followed prospectively. School districts were the pri-
mary sampling units, stratified by the nine US census divisions.
Out of 137 schools with 10th grade selected, 81 (64%) agreed to
participate. Classrooms within schools were randomly selected
for inclusion. Baseline data were collected during the 2009-2010
school year; however, due to timing of approval for participation,
baseline assessments for one school (n = 260) occurred during the
second wave (2010-2011, 11th grade). Participants completed self-
administered surveys annually. Over the first three waves, 2785
participants completed the survey, with 86% retention in Wave 3
(W3). Parents provided informed consent for their child’s partici-
pation; youth provided assent if less than18 years of age, consent
was obtained once participants turned 18 years. The study proto-
col was approved by the institutional review board at the Eunice
Kennedy Shriver National Institute of Child Health and Human
Development.
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Measures

Sleep Variables

Duration

Participants at W1, W2, and W3 were asked to report the time
(hour, minute, and designate AM or PM) that they usually go to
sleep and wake up on days that they went to school, work, or
similar activity (scheduled-days) and, separately, on days that
they did not have to get up at a certain time (free-days, e.g.,
weekends and vacations). Separate duration variables were cal-
culated for scheduled- and free-days by calculating the length
of the sleep period. Duration values of <5 and >15 hr were con-
sidered questionable. To address cases in which participants
reported improbable AM and PM designations, the frequency of
AM versus PM designations for each hour was examined. AM
and PM designations were uniformly assigned to be consistent
with the hours that the majority (92% or greater) of participants
reported either “AM” or “PM.” Thus, wake time hours of 5-11 were
designated as “AM” and wake time hours of 12, 1, and 2 were
designated as “PM”; sleep time hours of 8-11 were designated
as “PM” and sleep time hours of 12 and 1-4 were designated as
“AM.” This resulted in changing an “AM” or “PM” designation for
147 (5.92%), 151 (6.29%), and 160 (6.70%) participants at W1, W2,
and W3 respectively. Duration values that still met the criteria
for implausible (<5 or >15 hr) were set to missing. The numbers
(percent) set to missing due to duration of less than 5 hr on
scheduled days were 68 (1.88%), 62 (2.05%), and 85 (2.67%), and
on unscheduled days were 44 (1.87%), 45 (1.34%), and 33 (0.85%)
for W1, W2, and W3, respectively. The number (percent) set to
missing due to a duration of more than 15 hr on scheduled days
was 82 (3.30%), 98 (3.19%), and 112 (5.44%), and on unscheduled
days was 227 (9.53%), 232 (9.56%), and 228 (9.98%) for W1, W2,
and W3, respectively.

Chronotype

Corrected mid-sleep time on free-days was used as an esti-
mate of chronotype. Consistent with Roenneberg and col-
leagues, the midpoint of free-day sleep duration corrected for
oversleeping due to sleep debt [Chronotype = free-day sleep
midpoint - 0.5 x (scheduled-day sleep duration — weekly sleep
duration)] [19].

Social JetLag
Social jetlag [22] was calculated as the absolute difference
between free-day sleep mid-point and scheduled-day sleep
mid-point.

Alcohol Use

Prevalence of alcohol use was assessed by asking the number of
occasions participants drank alcohol in the last 30 days (seven
response options were never, 1-2, 3-5, etc., to 40 times or more).
Heavy episodic drinking was assessed as the number of times in
the past 30 days participants had five (for boys) or four (for girls)
drinks in a row on an occasion (response options were none, 1, 2,
3-5, 6-9, 10, or more). Because of skewed distributions, variables
were dichotomized as never versus ever.
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Covariates

Baseline demographic variables included the following: the
participant reported gender, race/ethnicity (White, African
American, Hispanic, and other), perceived family affluence
using the Family Affluence Scale (FAS) (family car ownership,
child having their own bedroom, etc.) [41], family structure
(two biologic parents, biological and step-parent, single par-
ent, and other), and parent-reported parent education (high
school or less, some college or technical school, and bachelor’s
degree or higher).

Parent monitoring [42] (five items) was assessed at W1 as
participants’ perception of how much their mother and father
(separately) know about who their friends are, how they spend
their time and money, and where they go after school and at
night (response options were knows a lot, knows a little, doesn’t
know anything, and don’t have or see mother/father, the last
two categories were combined).

Depressive symptoms at W1 were assessed using the
Modified Depression Scale [43] which consists of six items
assessing how often participants were sad, grouchy or irritable,
hopeless, as well as changes in sleep and eating and reduced
ability to concentrate at school (response options ranged from
1 = never to 5 = always). This measure has demonstrated utility
in school-based measurement of depressive symptoms [43].

Statistical Analysis

Summary statistics for the sleep and alcohol variables were
tabulated across waves. Bivariate associations of sleep and alco-
hol use with the demographic variables, parent monitoring,
and depressive symptoms were examined. The cross-lagged
autoregressive models were conducted in multiple steps. First,
a stability model was fitted to estimate the concurrent associa-
tions between the sleep variable and the alcohol variable, the
autoregressive associations for sleep and alcohol use, and the
association of the demographic variables, W1 maternal moni-
toring, paternal monitoring, and depressive symptoms with
the W1 sleep and alcohol variables. Based on modification indi-
ces, a path from the W1 to W3 sleep variable was added, which
improved fit for the stability models. Second, the cross-lagged
paths were added to the model. Third, models that included
both chronotype and social jetlag were examined. All analyses
accounted for the complex survey design, which included the
primary sampling unit (school districts or groups of small school
districts), census division, and a sampling weight to adjust the
racial composition of the sample to represent that of the US
population of 10th grade students. In assessing model fit, we
relied on CFI (>0.95), TLI (>0.95), RMSEA (<0.05) [44], and WRMR
(<1.0) [45] as chi-square is sensitive to sample size and is less
appropriate for large samples. Path analysis models were run in
MPlus 7.4 [46] using robust weighted least-squares with mean
and variance adjustments (WLSMV) estimator and 6 parameter-
ization [46]. MPlus utilizes all participants with complete data
on all covariates (survey design, demographic, parent monitor-
ing, and depressive symptoms); thus, the number of partici-
pants included in all models was 2336. Weighted least-squares
estimation uses all present pairwise data for each coefficient. As
recommended by Cribbie [47], a false discovery rate (FDR) [48]
control (a set at p = .05) was used to determine statistically sig-
nificant pathways.

Results

Descriptive Analyses

Slightly more than half of the sample were female and whites
comprised the largest race/ethnic group at W1. Most partici-
pants lived with their biological parents. Most parents reported
less than a bachelor degree. Participants reported a mean
sleep duration for scheduled-days (weighted, and hereafter)
of 7.61 hr at W1, 7.64 hr at W2, and 7.50 hr at W3 and a mean
sleep duration for free-days of 9.36 hr for W1, 9.36 hr for W2,
and 9.07 hr for W3. Measures of sleep timing were consist-
ent across the waves, with participants reporting an average
chronotype of about 4.5 hr or 04:30 am, and between 2.4 and
2.8 hr of social jetlag, or the equivalent of between 2 hr, 24 min
and 2 hr, 48 min. Participant report of alcohol use increased from
35% to 38% from 10th to 12th grade. Prevalence of any heavy
episodic drinking was 27%, 23%, and 27% at W1, W2, and W3,
respectively. Means for sleep duration, sleep timing, and alco-
hol by demographic characteristics are presented in Tables 1, 2,
and 3; significant associations are noted. Results of the bivariate
regression between demographic characteristics and the sleep
variables are found in Supplementary Tables S1 and S2. Bivariate
associations of W1 assessments of maternal monitoring, pater-
nal monitoring, and depressive symptoms with sleep duration,
sleep timing, and alcohol use are found in Table 4. Correlations
of the sleep variables were positive for maternal monitoring and
negative for depressive symptoms; almost all were statistically
significant with small coefficients. Paternal monitoring was sig-
nificantly and positively associated with sleep timing (except
W2 social jetlag) with small coefficients. The associations with
alcohol use were statistically significant with those who never
use alcohol having higher scores on maternal monitoring and
paternal monitoring, and fewer depressive symptoms.

Cross-Lagged Models

Figures 1-4 depict the results for the path models that include
all significant cross-lagged pathways. Standardized linear regres-
sion coefficients are presented for paths terminating with sleep
duration, chronotype, and social jetlag, and interpreted as stand-
ard deviation change in a sleep variable per standard deviation
increase in a predictor. Standardized probit regression coefficients
are presented for paths terminating with alcohol use and heavy
episodic drinking, and interpreted as the change in Z-score of
the probability of alcohol use per standard deviation increase in
a predictor. The stability models (include no cross-lagged path-
ways) showed good fit to the data with concurrent positive asso-
ciations between the sleep variable and the alcohol use variable.
Additionally, positive autoregressive associations were found for
the sleep and alcohol use variables (stability model fit, path coef-
ficients, and p-values provided in Supplementary Tables S3-S7). All
cross-lagged models demonstrated good fit to the data (Table 5;
coefficients and p-values for the cross-lagged models provided in
Supplementary Tables S4-S7).

Sleep Duration

In the model examining scheduled-day sleep duration, the con-
current inverse association between sleep duration and alcohol
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Table 1. Demographic Characteristics for the Full Sample and by Sleep Duration (Weighted Percent, Means, and SE)
Wave 1 Wave 2 Wave 3
Full Scheduled-day Free-day Scheduled-day Free-day Scheduled-day Free-day
sample duration (hr) duration (hr) duration (hr) duration (hr) duration (hr) duration (hr)
Percent Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Overall 7.61 0.04 9.36 0.06 7.64 0.05 9.36 0.04 7.50 0.05 9.07 0.06
Gender?
Male 44.56 7.60 0.06 9.10 0.07 7.69 0.05 9.26 0.06 7.54 0.06 8.90 0.08
Female 55.44 7.61 0.05 9.57 0.09 7.60 0.06 9.45 0.07 7.47 0.06 9.19 0.08
Race®
Hispanic 19.12 7.65 0.12 9.34 0.17 7.69 0.11 9.36 0.13 7.44 0.15 8.92 0.25
African 14.38 7.37 0.07 9.17 0.15 7.36 0.09 9.15 0.14 7.15 0.05 8.92 0.17
American
White 61.95 7.65 0.04 9.47 0.05 7.71 0.05 9.44 0.07 7.63 0.05 9.18 0.07
Other 4.54 7.61 0.17 8.75 0.38 7.53 0.09 9.12 0.13 7.46 0.22 8.80 0.17
Family structure*
Both biological =~ 54.93 7.66 0.04 9.50 0.05 7.64 0.05 9.45 0.06 7.51 0.05 9.13 0.09
parents
Biological and 19.45 7.63 0.10 9.14 0.12 7.79 0.10 9.23 0.10 7.49 0.09 8.92 0.12
step parent
Single parent 18.02 7.54 0.09 9.32 0.16 7.58 0.08 9.22 0.14 7.63 0.11 9.17 0.14
Other 7.60 7.40 0.10 9.10 0.24 7.53 0.13 9.44 0.22 741 0.12 8.93 0.16
Parent education
High school or 32.35 7.62 0.07 9.30 0.15 7.73 0.08 9.43 0.10 7.52 0.07 9.08 0.15
less
Some college 40.45 7.59 0.05 9.28 0.11 7.63 0.06 9.29 0.09 7.46 0.07 9.07 0.07
Bachelor 27.20 7.61 0.05 9.52 0.10 7.62 0.08 9.38 0.06 7.56 0.07 9.03 0.10
degree or
more

Associations assessed by regression (complete results in Supplementary Table 1).

Significantly associated with gender (referent = female): free-day duration, male, W1 p <.001, W3 p = .01.
bSignificantly associated with race (referent = White): scheduled-day duration, African American, W1 p <.001, W2 p < .001, W3 p < .001.
Significantly associated with family structure (referent = both biological parents): scheduled-day duration; other, W1 p < .05.

use was significant at W1, and the autoregressive associations
for sleep duration and for alcohol use were positive and sig-
nificant (Figures 1A-D). Significant positive cross-lagged asso-
ciations between W1 alcohol use and W2 sleep duration were
found. No cross-lagged associations were statistically significant
for heavy episodic drinking.

In the model examining free-day sleep duration and alcohol
use, the W1 concurrent association was significant and negative,
and the autoregressive associations were positive. Both cross-
lagged paths from alcohol use to subsequent year free-day sleep
duration were negative and significant. In the model examin-
ing free-day sleep duration and heavy episodic drinking, W1 and
W3 concurrent associations were negative and significant, and
the autoregressive associations were positive. The cross-lagged
path from W1 heavy episodic drinking and W2 sleep duration
was negative and significant.

Chronotype

Concurrent positive associations between alcohol use and
chronotype were positive and significant for W1 and W3, and
the autoregressive associations were positive (Figures 2A and
B). Both paths from alcohol use to subsequent chronotype (W1
to W2 and W2 to W3) were positive and significant. Regarding
heavy episodic drinking, concurrent positive associations with
chronotype were found at W1 and W3 and the autoregressive

associations were positive. Significant positive cross-lagged
association was found for W2 chronotype and W3 heavy episodic
drinking, and for W2 heavy episodic drinking to W3 chronotype.

Social Jetlag

The concurrent associations between social jetlag and alcohol
use were positive and significant at W1, and the autoregres-
sive associations were positive (Figures 3A and B). Regarding
the cross-lagged associations, significant positive associations
were found between W2 social jetlag and W3 alcohol use, and
W2 alcohol use and W3 social jetlag. In the model for heavy epi-
sodic drinking, a concurrent positive association between heavy
episodic drinking and social jetlag at W1, the autoregressive
associations were positive, and statistically significant positive
cross-lagged associations were found for W2 social jetlag and
W3 heavy episodic drinking, and for W2 heavy episodic drinking
and W3 social jetlag.

Chronotype and Social JetLag

The final models included chronotype and social jetlag simultan-
eously (Figures 4A and B). For clarity, only the significant cross-
lagged paths are depicted in the figures; the pattern of significant
concurrent and autoregressive associations found in the previous
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Table 2. Sleep Timing by Demographic Variables (Means and Standard Deviations)

Wave 1 Wave 2 Wave 3
Chronotype Chronotype Chronotype
(hr past midnight)  Social jetlag (hr)  (hr past midnight)  Social jetlag (hr)  (hr past midnight) Social jetlag (hr)
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Overall 4.55 0.08 277 0.06 4.50 0.06 2.59 0.05 4.46 0.06 2.36 0.05
Gender?
Male 4.72 0.09 274 0.09 4.54 0.08 2.52 0.07 4.56 0.08 2.31 0.06
Female 4.40 0.10 279 0.07 4.47 0.08 2.65 0.06 4.38 0.06 2.40 0.06
Race®
Hispanic 4.62 0.14 277 0.12 4.57 0.13 2.58 0.11 4.53 0.18 2.35 0.11
African 4.95 0.20 3.17 0.18 4.78 0.11 2.93 0.10 4.55 0.08 2.62 0.12
American
White 4.43 0.09 2.68 0.07 4.41 0.09 2.52 0.07 4.41 0.08 2.30 0.06
Other 4.30 0.19 247 0.15 4.43 0.24 2.36 0.15 4.51 0.36 2.18 0.23
Family structurec
Both biological  4.34 0.07 257 0.06 4.37 0.10 2.13 0.07 4.33 0.05 2.29 0.04
parents
Biological and 4.68 0.16 295 0.11 4.55 0.10 2.36 0.13 4.54 0.14 2.37 0.11
step parent
Single parent 4.88 0.14 3.01 0.09 4.75 0.12 2.68 0.11 4.63 0.13 2.46 0.12
Other 4.83 0.21  3.03 0.19 4.87 0.17 2.77 0.12 4.86 0.14 2.57 0.12
Parent education?
High school or 4.73 0.17 2.80 0.11 4.62 0.10 2.75 0.10 4.45 0.10 2.37 0.10
less
Some college 4.58 0.07 261 0.07 4.55 0.08 2.64 0.08 4.51 0.07 2.46 0.08
Bachelor degree 4.26 0.13 230 0.07 4.32 0.13 2.36 0.09 4.40 0.13 2.20 0.08
or more

Associations assessed by linear regression (complete results in Supplementary Table 2); significant associations, p < .05.

“Gender (ref = female): chronotype, male, W1, W3.

"Race (ref = White): chronotype, African American, W1, W2; social jetlag, African American, W2, W3.
‘Family structure (ref = both biological parents): chronotype, biological and step parent, W1; single parent, W1, W2, W3; other, W1, W2, W3, social jetlag, biological and

step parent, W1, single parent, W1, W2; other, W1, W2, W3.

dParent education (ref = Bachelor’s degree or more): chronotype, high school or less, W1, some college, W1; social jetlag, high school or less, W1, W2, some college, W1,

W2, Ws3.

models was maintained. In both models, chronotype and social
jetlag were highly concurrently correlated (alcohol use model,
0.74-0.84; heavy episodic drinking, 0.72-0.82) at each wave. In the
model for current alcohol use, the cross-lagged path W1 social
jetlag to W2 chronotype was positive and significant. The paths
from alcohol use to subsequent wave chronotype (W1 to W2 and
W2 to W3) were positive and significant as was the cross-lagged
path from W2 alcohol use to W3 social jetlag. In the model for
heavy episodic drinking, the cross-lagged path from W2 chrono-
type to W3 heavy episodic drinking was positive and significant.
Social jetlag was statistically significantly associated with subse-
quent chronotype such that the path coefficient from W1 to W2
was positive, and the path coefficient from W2 to W3 was nega-
tive. Both cross-lagged paths from heavy episodic drinking (W1
to W2 and W2 to W3) were positive and significantly associated.

Discussion

The average scheduled-day sleep duration reported by our sam-
ple of high school was shorter than the recommended 9 to 10 hr,
and sleep durations were longer for free-days, consistent with
others’ findings among similarly aged adolescents [2]. However,
a smaller percentage of our sample reported usual weekday
sleep of less than 8 hr (59%, 56%, and 64%, weighted, for grades
10, 11, and 12, respectively) than reported insufficient sleep

(69%) in the YRBS sample [11]. This difference may be attribut-
able in part to the YRBS data retaining those who reported less
than 5 hr (about 16% of the YRBS sample), whereas we did not.
A late chronotype (mean of about 4.5 or 04:30 am) was found
across all time points. Social jetlag exceeded 2 hr, 20 min at
each time point, indicating a considerable discrepancy between
weekday and weekend sleep (e.g., 6 to 7 hr on school or work
nights and 9 to 10 hr on weekend nights). Notably, both chrono-
type and social jetlag remained consistent across the three
assessments. It had been expected that chronotype would shift
later across the study period [19]. It is plausible that the study
period was too brief to detect a shift in the means of our sleep
variables. The bivariate associations between the sleep variables
and the demographic characteristics were consistent with pre-
vious research. Males reported shorter sleep durations [3] and
more social jetlag [49] than females; African American partici-
pants had the shortest sleep duration, latest chronotype, and
greatest social jetlag [3] compared with other race and ethnic
groups; non-two parent family structure and lower parent edu-
cation were associated with later chronotype and higher social
jetlag [3, 50]. The associations between parent monitoring and
the sleep variables were consistent with previous research, indi-
cating that parents may promote longer and better timed sleep
[3]. Our findings on depressive symptoms were also consistent
with previous research, indicating increased report of symp-
toms among those with poorer sleep.
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Table 3. Alcohol Use by Demographic Characteristics (Weighted % Ever Used)

Wave 1 Wave 2 Wave 3
Heavy episodic Heavy episodic Heavy episodic
Alcohol drinking Alcohol drinking Alcohol drinking
N (% ever) N (% ever) N (% ever) N (% ever) N (% ever) N (% ever)

Overall 2497  35.33 2477 27.23 2155 33.82 2151 22.84 2144 38.30 2135 26.79
Gender 2492 2472 2401 2389 2375 2365

Male 34.23 28.84 35.78 24.09 39.24 30.56

Female 36.11 25.87 33.41 23.48 37.44 23.78
Race® 2488 2468 2395 2383 2369 2359

Hispanic 34.49 27.67 29.75 21.41 29.49 20.90

African 31.92 18.48 28.20 12.58 29.11 16.11

American

White 36.26 29.47 37.45 28.03 43.69 32.42

Other 38.68 29.90 41.37 21.63 42.27 21.36
Family structure 2497 2477 2155 2151 2144 2135

Both biological 33.37 23.93 31.71 24.24 38.14 27.91

parents
Biological and 37.61 34.39 35.48 19.92 40.92 28.10
step parent

Single parent 35.83 27.84 36.71 22.49 39.06 25.59

Other 40.57 29.34 43.71 32.26 34.19 25.11
Parent education 2336 2321 2198 2189 2178 2178

High school 34.41 29.36 33.20 22.77 37.08 25.88

Some college 35.20 27.36 33.93 22.14 37.41 25.94

Bachelor degree 36.84 25.34 37.61 26.73 41.16 29.46

Oor more

Significant differences by Race: Alcohol use, W3 Rao-Scott Chi Square=10.89, p = .012; Binge drinking, W2 Rao-Scott Chi Square = 13.34, p = .004, W3 Rao-Scott Chi

Square = 8687, p = .001

Reported prevalence of 30-day alcohol use and heavy episodic
drinking in our sample was consistent with other nationally repre-
sentative adolescent samples [7]. Notably, our sample did not have
as marked an increase in reported alcohol use as that reported in
the 2015 YRBS [51]. The greater consistency in alcohol use in our
sample may reflect that we assessed the same participants annu-
ally, whereas YRBS used successive cross-sectional survey.

Concurrent Associations in the Cross-Lagged Models

Concurrent associations were assessed in the paths between
alcohol use and sleep variables at the same wave (i.e., W1 alcohol
and W1 sleep, W2 alcohol with W2 sleep, and W3 alcohol and W3
sleep). In the stability models, there were significant negative cor-
relations between sleep duration and alcohol use, and significant
positive correlations found between sleep timing and alcohol use.
In contrast, in the models that included the cross-lagged paths,
significant concurrent correlations between alcohol use and sleep
duration and social jetlag were found only at W1. Thus, when the
prospective associations were included, the cross-sectional results
were not maintained. Cross-sectional research regarding poor sleep
as a risk factor for adolescent alcohol use attributes in relation to
poorer emotion regulation, executive function, response inhibition,
and decision making [3]. Possibly, multiple factors could contribute
to inadequate sleep which might explain our lack of findings. For
example, inadequate sleep may also result from increased engage-
ment in academic (e.g, late night studying and crowded weekday
time schedule) or other conventional behaviors (elite sports, etc.)
that may interact with or be associated with alcohol use [52, 53].

Cross-Lagged Associations

The cross-lagged models enabled us to examine the association
between alcohol use and sleep adequacy 1 year later and, simul-
taneously, the association between sleep adequacy and alcohol
use 1 year later. Across the models, alcohol use compared with
no use predicted the sleep variables 1 year later. Specifically,
using alcohol predicted shorter free-day sleep duration in the
subsequent wave, cross-lagged paths at W1 to W2 and W2 to
W3 for alcohol use, and W1 to W2 for heavy episodic drinking.
Alcohol use predicted later chronotype in the subsequent year
at W1 (cross-lagged path from W1 to W2) and both W2 alcohol
use and W2 heavy episodic predicted W3 chronotype. Alcohol
use and heavy episodic drinking predicted increased social
jetlagin the subsequent year, cross-lagged paths from W2 to W3.
In the model examining chronotype and social jetlag simultan-
eously, these paths remained significant. The consistency in the
associations with the sleep measures of both alcohol use and
heavy episodic drinking increases confidence in the findings.
This pattern of results is consistent with finding of Pasch et al.
with regards to weekend sleep duration and extends them to
chronotype and social jetlag [29]. Pasch et al. suggest that ado-
lescents may use alcohol to cope with stress, which in turn has a
negative impact on sleep [29]. It is possible that our findings also
reflect some shared characteristics, such as stress or persistent
depressed mood. Research has examined how alcohol negatively
affects sleep, some of which has focused on biological effects of
alcohol, such as lower levels of melatonin following alcohol con-
sumption [54] or alterations in circadian rhythm of body tem-
perature [55]. However, these effects are measured within short
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Table 4. Bivariate Associations of Correlates (Parent Monitoring and Depressive Symptoms) with Sleep Duration, Sleep Timing, and Alcohol Use

Wave 1 maternal monitoring

Wave 1 paternal monitoring

Wave 1 depressive symptoms

N Correlation P N Correlation P N Correlation P
Sleep duration
W1 scheduled-day 2325 0.08 .00 2320 0.07 .00 2330 -0.09 .00
W2 scheduled-day 2005 0.05 .02 2000 0.02 .26 2008 —-0.04 .05
W3 scheduled-day 1966 0.02 .35 1961 0.01 .56 1960 —-0.08 .00
W1 free-day 2188 0.07 .00 2185 0.01 .65 2191 -0.00 .83
W2 free-day 1908 0.04 .09 1906 0.05 .02 1909 -0.07 .00
W3 free-day 1892 0.06 .01 1889 0.04 .07 1896 -0.03 .13
Sleep timing
W1 chronotype 2054 -0.13 .00 2052 -0.10 .00 2057 0.11 .00
W2 chronotype 1798 -0.13 .00 1796 —-0.08 .00 1799 0.16 .00
W3 chronotype 1758 -0.08 .00 1755 -0.08 .00 1761 0.10 .00
W1 social jetlag 2054 -0.07 .00 2052 —-0.07 .00 2057 0.11 .00
W2 social jetlag 1798 -0.12 .00 1796 —-0.04 12 1799 0.10 .00
W3 social jetlag 1758 -0.04 12 1755 -0.10 .00 1761 0.06 .01
Mean Mean Mean
N Ever Never t-test P N Ever Never t-test P N Ever Never t-test P
Current alcohol use
W1 2486  2.23 2.43 7.71 .00 2479 2.08 2.25 6.16 .00 2491 2.55 224 824 .00
W2 2144 224 243 6.30 .00 2139 2.12 2.23 3.38 .00 2148 2.44 229 396 .00
W3 2129 229 2.39 3.62 .00 2125 2.11 2.24 4.43 .00 2134 241 231 263 .01
Heavy episodic drinking
W1 2465 219 2.42 7.98 .00 2458 2.11 2.23 3.80 .00 2469 2.57 227 695 .00
W2 2140 219 241 6.50 .00 2135 2.11 2.21 276 .01 2144 247 229 359 .00
W3 2121 2.24 2.40 5.20 .00 2116 2.07 2.23 4.70 .00 2126 2.43 232 254 01
Table 5. Model Fit Statistics for Cross-lagged Models
Model CFI TLI RMSEA RMSEA 90% CI WRMR
la. Scheduled-day sleep duration and alcohol use 0.980 0.963 0.012 0.000 0.021 0.749
1b. Scheduled-day sleep duration and heavy episodic drinking 0.990 0.981 0.010 0.000 0.019 0.693
1c. Free-day sleep duration and alcohol use 0.983 0.968 0.011 0.000 0.020 0.727
1d. Free-day sleep duration and heavy episodic drinking 0.988 0.979 0.010 0.000 0.020 0.710
2a. Chronotype and alcohol use 0.986 0.975 0.014 0.000 0.022 0.720
2b. Chronotype and heavy episodic drinking 0.991 0.984 0.012 0.000 0.021 0.694
3a. Social jetlag and alcohol use 0.981 0.965 0.014 0.002 0.022 0.760
3b. Social jetlag and heavy episodic drinking 0.989 0.979 0.012 0.000 0.021 0.720
4a. Chronotype, social jetlag, and alcohol use 0.994 0.988 0.011 0.000 0.018 0.639
4b. Chronotype, social jetlag, and heavy episodic drinking 0.996 0.991 0.010 0.000 0.017 0.619

Criteria: Comparative fit index (CFI) > 0.96, Tucker-Lewis Index (TLI) > 0.96, root mean square error (RMSEA) < 0.05, weighted root mean square residual (WRMR) < 1.0.

time frames, whereas our assessments were approximately
1 year apart. Alcohol abuse and addiction have been found to
have disruptive effects on sleep that last after treatment [56].
Research has demonstrated early alcohol use to be predictive
of poorer health and behavioral outcomes [57, 58], such as aca-
demic problems [59, 60], substance use [59, 61], delinquency [59],
motor vehicle crash [62], depression [61], interpersonal violence
[60], risky sexual behavior [60], and suicide [60]. Our findings add
to our understanding of the pervasive and long-term impact of
underaged drinking on adolescent health.

Support for bidirectional associations between sleep and
alcohol use was also found, but only in the models examining
sleep timing and between W2 and W3. Bidirectional positive
associations were found in the model examining chronotype
and heavy episodic drinking between W2 and W3, consistent
with other research that has found evening chronotype may

be linked to a propensity for alcohol use [22-24]. Additionally,
bidirectional positive associations were found between W2 and
W3 in the models examining social jetlag and both current alco-
hol use and heavy episodic drinking. Our results indicate that
these might be mutually reinforcing unhealthy lifestyle choices.
Different characteristics of sleep-wake regulation may be pre-
dictive of alcohol use at different time points, suggesting that
there are changes across adolescent development.

Using analytic methods similar to those employed by
Tavernier, we sought to examine whether social jetlag was
a mechanism through which late chronotype was associ-
ated with increased alcohol use by conducting a cross-lagged
model including social jetlag, chronotype, and alcohol use. In
this model, chronotype, but not social jetlag, was predictive of
later alcohol use (W2 to W3), consistent with findings reported
by Tavernier [28]. In contrast to Tavernier, social jetlag predicted
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Figure 1. Significant paths (FDR adjusted) with standardized coefficients. Blue lines indicate significant pathways for covariates. Survey design variables were included
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Figure 2A. Chronotype and Alcohol Use*
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Figure 2. Significant paths (FDR adjusted) with standardized coefficients. Blue lines indicate significant pathways for covariates. Survey design variables were included
in models. +Any use in past 30 days. FDR adjustments: Figure 2A =p<.009, Figure 2B= p<.024.

subsequent chronotype, and in different directions at different
time points. This inconsistency in direction of association is dif-
ficult to explain. The differences with Tavernier’s findings may
be attributed to how chronotype was measured in each study.
Tavernier assessed perceived morningness or eveningness using
survey questions, whereas our study calculated chronotype and
social jetlag using reported sleep and wake times.

Our findings support the contention that adolescent alco-
hol use may contribute to deficient sleep. However, a great deal
more needs to be learned about possible explanations for the
prospective associations between alcohol and inadequate sleep.
One possibility is that it is not only the effect of drinking, but the
social context of drinking that drives the association. To develop
a better understanding of this, contextual, developmental, and
social factors would need to be considered. Although social
support for healthful sleep is important [27, 63], there are few
studies of social influences on sleep behavior. Parental moni-
toring of bedtimes, overall sleep schedule, and decreased night-
time media use have been associated with increased total sleep
time [18]. In the current study, increased parent monitoring was
associated with earlier chronotype and shorter social jetlag. In a
study of peer influence, both substance use and sleep behavior
were found to spread through friendship networks, with those
most central to the network most likely to engage in marijuana
use and have the most inadequate sleep [64]. Moreover, friend
sleep behaviors were predictive of similar participant future
sleep behavior and marijuana use, providing evidence that
sleep behavior is subject to social influences in ways similar to
other health behaviors. Potentially, homophily in chronotype

among friends is reinforced by shared social schedules. Our
findings that alcohol use predicts subsequent wave chronotype
may reflect a shared life style or selection effect. Social jetlag
describes the discrepancy between sleep periods on scheduled
versus unscheduled days. Often the constraints on scheduled
days are thought of in terms of structural demands, such as
school or work start times [25, 65], but in adolescence, increased
academic and social engagement as well as lifestyle choices
are likely to contribute to increased social jetlag [27]. Given that
alcohol use is most often a social behavior [66, 67] and is well
documented to be influenced by peer behavior [68-71], it is pos-
sible that alcohol use in this study reflects a social influence on
sleep behavior. Further research on possible social influences
(e.g., changes in parental monitoring and peer norms and activi-
ties) on the alcohol-sleep relations is merited.

Limitations

The national sample, longitudinal design, and measurement
of multiple dimensions of sleep are assets of the NEXT study.
However, there are limitations as well. These analyses relied on
self-reported sleep times and alcohol use assessed once each
year. More frequent assessments of both sleep and alcohol use
could be more informative. Participants were asked to report their
usual sleep and wake times, which cannot capture night-to-night
variability in sleep duration or sleep that occurs at other times
of the day. It is plausible that acute stressors (e.g., a relationship
break-up or school stress) could lead to brief periods of poor
sleep and alcohol use that would not be captured in the current
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measures of sleep. There are also potential confounders that were
not included that were not included in the study, for example,
impulse control [27] and decision making [72] that merit further
study. The sleep variables reported here are perceptions of usual
sleep patterns rather than reports of actual sleep times. Moreover,
participants may conflate bedtime and actual sleep time, thus
overestimating sleep duration by an unmeasured latency to sleep,

which has been estimated as approximately 17 min [2]. We relied
on self-reports of drinking over the last 30 days, which may be
subject to recall bias. The reports of heavy episodic drinking as
operationalized did not capture occasions of extremely heavy
episodic drinking, which has a higher likelihood of serious con-
sequences [73]. Additionally, in the probit model for alcohol use,
linear effect of sleeping variables are assumed, but potentially the
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relationship could be nonlinear. For example, it is possible that
both too long and too short sleep durations are associated with
increased alcohol use.

Conclusion

This study adds to our understanding of the interplay among
sleep habits, chronotype, and alcohol use among adolescents.
These longitudinal findings clarify the directionality of the sleep-
alcohol use relations during a critical developmental stage [29].
Addressing sleep issues among adolescents is likely to have far
reaching benefits to their health and well-being. If as proposed
here, in addition to its psycho-physiological effects, alcohol
use represents a social influence on sleep sufficiency, strate-
gies to reduce alcohol use may also encourage healthier sleep.
For example, parental monitoring has a demonstrated protect-
ive effect on underage drinking [71, 74] and improved sleep
adequacy [18]. Strategies encouraging increased monitoring
could be expanded to include parental enforcement of healthy
sleep schedules and decreased social media. It is plausible that
such limitations would have similar effects by disrupting the
self-perpetuating pattern of alcohol use and less optimal sleep
found in this study.
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