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Abstract

Objectives: The objectives were 2-fold: (1) to examine how high school start times relate to
adolescent sleep duration, and (2) to test associations between sleep duration and mental health—
and substance use—related issues and behaviors in teens.

Design: This study examines selected questions from survey data collected between 2010 and
2013 high school students.

Setting: Respondents included more than 9000 students in grades 9 to 12 in 8 high schools in 5
school districts across the United States.

Measurements: The survey instrument is the 97-item Teen Sleep Habits Survey. Logistic
regression models were used to calculate adjusted odds ratios and 95% confidence intervals.
Because of clustering within schools and the use of repeated measures, generalized estimating
equations were used to account for variance inflation.

Results: Greater sleep duration was associated with fewer reports of various mental health— and
substance use—related issues and behaviors (all ~values b.01). For instance, for each additional
hour of sleep reported, there was a 28% reduction in the adjusted odds of a participant reporting
that he or she felt “unhappy, sad, or depressed.” Later wake-up times were associated with a
reduction in risk for some, but not all factors. Later start times were significantly associated with
greater sleep duration.

Conclusions: Given that later start times allow for greater sleep duration and that adequate sleep
duration is associated with more favorable mental health— and substance use-related issues and
behaviors, it is important that school districts prioritize exploring and implementing policies, such
as delayed start times, that may increase the amount of sleep of adolescent students, which is
needed for their optimal development.
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Introduction

Adolescent mental health concerns and risky behaviors including substance use (nicotine,
alcohol, and other drug use) are immediate causes of substantial morbidity, mortality, and
social problems for youth. In addition, these types of adolescent issues can set the stage for
chronic lifelong health issues. Many of these risk factors are common among adolescents.
For instance, in the 2015 Youth Risk Behavior Surveillance System, 32.3% of high school
students reported ever trying a cigarette, 32.8% reported using alcohol in the past 30 days,
and 21.7% reported using marijuana in the past 30 days.! Mental health concerns are also
prevalent among adolescents, with 8.3% of 12- to 17-year-olds reporting 14 or more
mentally unhealthy days in the past month in the 2005-2010 National Health and Nutrition
Examination Survey.? In the National Survey of Children’s Health, 7.1% of parents reported
that their child aged 12-17 years had ever received a diagnosis of depression? which may be
an underestimate of true prevalence, as some depression is undiagnosed.

In recent years, sleep deficiency has received increasing attention as being a potential
component cause in the development of both substance use and mental/behavioral health
concerns among youth. A likely pathway for this connection is that lack of sleep is known to
diminish teens’ executive cognitive functioning and emotional regulation.3 In the area of
substance use, a recent analysis from the cross-sectional Monitoring the Future study
demonstrated that the frequency of obtaining 7 or more hours of sleep per night was
associated with a reduced risk of using cigarettes, alcohol, marijuana, and amphetamines,*
which echoes other cross-sectional reports on sleep deficiencies and substance use.>®

With regard to mental well-being, shorter sleep duration among adolescents is associated
with lower self-esteem, 10 a more negative attitude toward life,11 greater difficulty with
emotional regulation,2 higher rates of mood disorders,8:%13-16 and more thoughts of
suicide.®16-18 This association between sleep issues and mental health persists into young
adulthood. Sleep disorders have been correlated with lower working memory capacity and
poorer mental health among emerging adults.2%20 There is also evidence that weekday/
weekend discrepancies in sleep duration and timing relate to poorer mental health and
behavioral outcomes as well.82 Short sleep duration in adolescents has further been cross-
sectionally correlated with unsafe behaviors that are expressions of mental health and
substance use problems such as weapon carrying, fighting, and drunk driving.15,21,22

There is an epidemic of short sleep duration among American adolescents.23 High school
students often seem to stay up too late at night and then have difficulty getting out of bed the
next morning. Although an estimated 9 hours 15 minutes of sleep may be optimal for
adolescents, 4 results from many studies have found that, on average, most adolescents
report sleeping less than 8 hours on school nights.25-28 Although there are social and
environmental factors that influence adolescents’ sleep behavior, such as peer pressure,
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homework, and screenuse, research on the sleep-wake cycle of teens over the past 30 years
has identified changes in specific biological processes that occur with the onset of puberty.
These biological changes unique to adolescents cause them to feel sleepy at a later time in
the evening, as compared with the sleep-wake patterns of younger children.?9 Given this
biological obstacle to adolescents being able to successfully fall asleep at earlier hours,
having an inflexible early wake-up time, such as the time that school starts each morning,
limits teens’ sleep duration. Thus, early-start high schools have been identified as an
important external condition that likely affects the amount of sleep teens obtain on school
nights.30:31 The accumulation of evidence showing the detrimental effects of early high
school start times on adolescents’ sleep duration, performance in school, and safety led the
American Academy of Pediatrics to issue a policy statement in 2014 recommending that all
high schools start no earlier than 8:30 AM.32 However, as recently as 2011/2012 (the most
recent year for which national data are available), fewer than 15% of US high schools were
in line with this recommendation.33:34

Given previous research on outcomes for students attending high schools with later start
times, 2°:29:30 jn this study we sought to test how school start times related to both adolescent
sleep duration and wake-up times. We also aimed to test how these 2 factors of sleep
duration and wake-up times related to mental health— and substance use-related behaviors.
We hypothesized that later start times would be associated with greater sleep and later wake-
up times. Furthermore, we posited that more sleep would be associated with fewer mental
health and substance use risks.

Participants and methods

Participants

Measures

From 2010 to 2013, 9089 attendees in grades 9 to 12 of 8 comprehensive high schools in 5
school districts across the United States were invited to take a paper-and-pencil survey,
administered in school, on sleep and selected health, academic, and behavioral issues. Table
1 displays the 8 schools that were included in this study, their start times, and when the data
were collected. Students in Jackson Hole (WY) High School were surveyed twice, once in
2012, and a second time in 2013 after the school had made a start time change. All other
schools were surveyed just once, during the 2010/2011 school year. Detailed methodology
of this study has been previously reported.30

Participants were administered the 97-item Teen Sleep Habits Survey, which was based on
the School Sleep Habits Survey.3° The survey asked participants to write in their usual
school-night bedtime and school-day wake-up time. For this analysis, “sleep duration” was
calculated by counting the number of hours between self-reported school-night bedtime and
self-reported wake-up time. Given that participants may fall asleep somewhat after their
bedtime and/or may wake once or more during the night, and/or may “snooze” even after
their school day wake-up time, our measure of sleep duration is an estimate, with some
likely inherent error. A study by Wolfson et al3® found that subjective data using student
self-report of sleep and wake times on a survey are sufficiently aligned with objective
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measures of sleep using actigraphy. Hence, we are confident that the sleep duration data we
obtained are a valid measure for this large population.

We examined mental health and substance use factors in relation to sleep. Mental health—
related issues were assessed using 8 items, each of which questioned participants how
frequently in the previous 2 weeks they were “bothered or troubled” by (1) feeling too tired
to do things; (2) having trouble going to sleep or staying asleep; (3) feeling unhappy, sad, or
depressed; (4) feeling hopeless about the future; (5) feeling nervous or tense; (6) worrying
too much about things; (7) gad nightmares or bad dreams during the night; and (8) done
dangerous things without thinking. Response options for each of these outcomes were
“never,” “once,” “twice,” “several times,” and “every day/night.” We dichotomized
participant responses for each question into those who reported “twice” or less vs those who
responded “several times” or more.

Substance use was assessed through participant self-report. Five separate questions about a
range of substances were asked, using the same response set for each question. Participants
were asked if they had done the following in the past 2 weeks: (1) drank a beverage with
caffeine (Coke, Pepsi, Monster, Mountain Dew, Red Bull), (2) drank coffee or tea with
caffeine, (3) used tobacco (cigarettes, cigars, chewing tobacco, etc), (4) drank alcohol, and
(5) used drugs. Response options for each question were “never,” “once or twice a week,”
“once a day,” and “several times a day.” For purposes of analysis, for the tobacco, alcohol,
and drugs items, we dichotomized the responses, such that only participants who reported
“never” were categorized as nonusers; those reporting “once or twice a week” or more were
categorized as users. For the analysis of caffeine use, we combined the 2 caffeinated
beverage items and dichotomized persons into those who reported drinking any caffeine
beverage “never” or “once or twice a week” vs “once a day” or more.

Statistical analysis

Results

Logistic regression models were used to compute the association and 95% confidence
intervals between the school start time that participants experienced and their school-day
wake-up time, as well as school-night sleep duration. We also tested and quantified the
association between sleep variables (sleep duration and wake-up time) and the mental
health— and substance use-related items. To address variance inflation due to clustering by
school, school district, and repeated measures on some individual students (specifically
Jackson Hole High, the one high school surveyed in 2 consecutive years), we used
generalized estimating equations. All models were adjusted for the following individual-
level confounders: grade level, gender, racial/ethnic background, usual academic letter
grades, and use of medication to help with concentration or a learning disability. We also
adjusted for the potential school-level confounder: percentage of students eligible for free
and reduced lunch. Analyses were conducted with SAS, version 9.4 (SAS Institute Inc, Cary,
NC).

Participant demographics are shown in Table 2; we controlled for these demographic factors
in our analyses. Roughly 27% of the sample reported being a racial/ethnic minority and
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approximately 51% were female. There was a slight overrepresentation in the younger high
school grades, with 28% of the sample being in the 9th grade and 20.3% were in the 12th
grade. More than 63% of the sample reported that their typical grades were A’s and B’s.
Fewer than 10% of the sample reported taking medication to help with concentration or a
learning disability. Because many medications for concentration or learning disabilities are
stimulant drugs, they could be associated with both reduced sleep duration and differences in
mental health or substance use.

Table 3 displays adjusted associations (odds ratios) between both wake-up time and sleep
duration and the mental health— and substance use—related factors. Greater reported sleep
duration was significantly associated with a lesser risk of all of the mental health and
substance use factors. For instance, for each additional hour of sleep reported, there was a
28% reduction in the adjusted odds of a participant reporting that he or she felt “unhappy;,
sad, or depressed.” Fig. LA-D shows the associations between sleep duration and select
mental health and behavior issues when sleep duration is modeled both categorically and
linearly. Later wake-up times were significantly inversely associated with feeling “unhappy,
sad or depressed,” “feeling hopeless about the future,” “feeling nervous or tense,” and
“worrying about things.” However, later wake-up time was associated with greater risk for
reporting tobacco, alcohol, or drug use in the past week.

Fig. 2 shows that later school start times were associated with significantly greater sleep
duration and later wake-ups. School-day wake-up time had moderate correlation with start
time (r=0.39, P<.001), whereas school-night sleep duration correlates weakly with start
time (r=0.14, P*.001).

Discussion

In this study, we found that adolescents attending schools with later start times report greater
sleep duration and later wake-up times. Confirming our hypotheses, we found that greater
sleep duration was associated with students reporting fewer mental health— and substance
use—related issues. Later wake-up times were associated with some, but not all, mental
health concerns.

Our findings are consistent with results obtained in prior research. 37 Later starting times in
this study were linked with students obtaining more sleep each school night. We found
students who obtain more sleep are less likely to report mental health concerns, as has been
substantiated by McKnight-Eily et al,8 Pasch et al,8Dahl and Lewin,12 Harvey et al,13 and
Owens et al.31Also, the prevalence of use of alcohol, cigarettes, and other substances
declines with students who obtain more sleep, confirming the findings of McKnight-Eily et
al, who studied responses from more than 12,000 students across the United States using
data from the Youth Risk Behavior Survey. Two of our findings—that greater sleep duration
was associated with less tobacco, alcohol, and other drug use, and yet the latest wake up
time revealed more tobacco, alcohol, and other drug use— at first appear contradictory.
Although it is beyond the capacity of our data to examine this apparent discrepancy, we
suspect that the finding that latest wake-up time associated with more substance use is driven
by the fact that students who indicate on the survey that they awaken in the very latest of our
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wake categories may be those students who are struggling in multiple areas that also put
them at risk for substance use.

The data shown in Fig.1A-D are consistent with prior research studies that have documented
the links between mental health and sleep duration,®6:11.17 a5 well as caffeine use as a
stimulant for persons who are otherwise sleep deprived.12:38 Prior research on sleep and
tobacco use in teens have discovered similar findings.3 Sleep deprivation of less than 8
hours per night and sleeping longer than is considered normal at 9.25 hours for adolescents
are similar in that both can be viewed as likely being symptomatic of other environmental
and emotional issues that preclude or induce sleep.

Research on the effects or outcomes associated with school start time will always be
inherently confounded with other school- and district-level factors, which affect all students
in that particular school (such as community culture, other school policies, etc). Given this,
we were unable to isolate associations that start time might have had on mental health and
substance use variables due to inherent structural confounding. This is because mental health
and substance use are determined by a universe of factors, many of which are unrelated to
sleep, but closely related to other aspects of the school environment. For example, students
whose schools have a high degree of pressure for academic achievement, coupled with great
emphasis on participation in sports and clubs (some of which may require meeting before
the school day starts), are often those same students who find it impossible to obtain
adequate sleep due to extreme high-performance demands. Despite this, we could identify
proxy characteristics that are consequences of varying effective school start times (school-
day wake-up time and school-night sleep duration) and test their associations with substance
use and mental health. Although both school-day wake-up time and school-night sleep
duration are imperfect stand-ins for start time policy, they are the best possible option for the
widest range of high school students as a mechanism through which start time is
hypothesized to affect mental and physical health.

Our study’s strengths are in the large, geographically-diverse sample of responses from more
than 9000 students and in the use of the 7een Sleep Habits Survey, an up-to-date instrument
of 97 items that cover a wide variety of adolescent issues, including sleep, activities and
homework, and physical and mental health. Most of the previous research on school start
time impacts has been on single sites, restricting generalizability across a range of locations.
Our research is limited by the fact that all student measures are self-reported. Furthermore,
given that only 1 of the 8 schools was surveyed twice, we were not able to conduct a true
longitudinal analysis for the cohort of schools enrolled in the study.

It is impossible to do true, multisite experimental, randomized-control trial research in the
United States to assess the outcomes of later school start time, given that school districts in
the United States have complete local autonomy as far as determining policies such as their
schools’ start times. That said, future research could continue on the path of the research by
Wahlstrom et al,30 to take advantage of natural experiments by studying, over time, those
schools that are taking the initiative to implement changes. A longitudinal exploration of
such natural experiments would allow for stronger causal inference as compared with cross-
sectional studies. An additional goal for future search would be to incorporate more
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objective measurements, such as saliva cotinine to assess tobacco use and sleep actigraphy,
to more accurately measure actual sleep. Furthermore, there is much to learn about how
other school policies, such as limiting activities that occur before the start of the school day
and banning hand-in deadlines for homework that are past a certain hour (eg, 10 PM), and so
on, that might further enhance adolescent sleep. These potential policy actions by school
districts would serve to complement later start times, or at least would provide sleep gains
for students who attend a high school that cannot or will not move their start time later.
Finally, although the American Academy of Pediatrics recommends that high schools start
no earlier than 8:30 AM,32 it is not yet known what range of start times is truly optimal
and/or realistic. This, too, is an area for additional research.

Conclusions

Despite the strong medical evidence of the need for adolescents to obtain at least 8, and
preferably 9 or more, hours of sleep every night to maximize their neural development, a
strong resistance to a delayed high school start time exists in many localities across the
United States.38 School districts are very complex organisms that link bureaucratic
structures with community norms and family life patterns, and where homeostasis or
maintenance of the status quo is probably the strongest force against adopting a later start
time for high schools. However, given the findings reported here that greater sleep duration
is linked to improved mental health, as well as less substance use, it would appear important
for school districts to place a priority on adolescents’ obtaining sufficient sleep. Having
school policies that allow for greater sleep per school night can positively affect most
adolescents, by enhancing their well-being, with the potential to serve their long-term health
throughout their life-span.
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Fig. 1.
Associations between sleep duration and select mental health and behavior issues, adjusted

for grade level, sex, race, medication for learning disability, usual grades in school, and
school-level free, and reduced lunch eligibility proportion modeled both categorically and
linearly. Bars represent 95% confidence intervals.
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Fig. 2.

Associations between school start time and reported sleep duration, adjusted for grade level,
sex, race, medication for learning disability, usual grades in school, and school-level free,
and reduced lunch eligibility proportion. Bars represent 95% confidence intervals.
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Table 2

Descriptive statistics of 8261 respondents: Teen Sleep Habits Survey, 2010-2013

n %
Age (y), mean + SE 6.0+0.01
Female 4223 51.1
Race/ethnicity
White 6047 73.2
Hispanic 730 8.8
Asian 489 5.9
Black 344 4.2
Other 229 2.8
Multiracial 422 5.1
Grade level
9 2313 28
10 2271 275
11 1999 242
12 1678 20.3
School district
South Washington County, MN 3547 429
Boulder, CO 2250 27.2
Teton County, WY 905 11.0
Saint Louis Park, MN 845 10.2
Mahtomedi, MN 714 8.6
Usual academic grades
A’s and B’s or higher 5249 63.5
B’s or lower 3012 36.5

Use of medication to help with concentration or a learning disability
No 7507 90.9
Yes 754 9.1
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