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Study Objectives: Several organizations have provided recommendations to ensure high school starts no sooner than 08:30. However, although there 
are plausible biological reasons to support such recommendations, published recommendations have been based largely on expert opinion and a few 
observational studies. We sought to perform a critical review of published evidence regarding the effect of high school start times on sleep and other relevant 
outcomes.
Methods: We performed a broad literature search to identify 287 candidate publications for inclusion in our review, which focused on studies offering direct 
comparison of sleep time, academic or physical performance, behavioral health measures, or motor vehicular accidents in high school students. Where 
possible, outcomes were combined for meta-analysis.
Results: After application of study criteria, only 18 studies were suitable for review. Eight studies were amenable to meta-analysis for some outcomes. We 
found that later school start times, particularly when compared with start times more than 60 min earlier, are associated with longer weekday sleep durations, 
lower weekday-weekend sleep duration differences, reduced vehicular accident rates, and reduced subjective daytime sleepiness. Improvement in academic 
performance and behavioral issues is less established.
Conclusions: The literature regarding effect of school start time delays on important aspects of high school life suggests some salutary effects, but often the 
evidence is indirect, imprecise, or derived from cohorts of convenience, making the overall quality of evidence weak or very weak. This review highlights a 
need for higher-quality data upon which to base important and complex public health decisions.
Keywords: high school, sleep start time, timing
Citation: Morgenthaler TI, Hashmi S, Croft JB, Dort L, Heald JL, Mullington J. High school start times and the impact on high school students: what we know, 
and what we hope to learn. J Clin Sleep Med 2016;12(12):1681–1689.

INTRODUCTION

There is a growing awareness of the need for adequate sleep 
for health, mental and physical alertness, executive func-
tion, quality of life, and safety in the workplace and on the 
roads. This need exists for all age groups including adoles-
cents and teens. The Centers for Disease Control and Pre-
vention (CDC) partnered with two professional societies for 
sleep, the American Academy of Sleep Medicine and the 
Sleep Research Society, to create the National Healthy Sleep 
Awareness Project.1 The partnership has formed alliances 
with multiple stakeholders in sleep health, including regional 
sleep societies, primary care organizations, and public affairs 
specialists with the goal of developing and implementing a 
comprehensive, multiyear, nationwide sleep awareness pro-
gram to promote healthy sleep. The program’s primary goal 
is to promote the achievement of the Sleep Health objectives 
of Healthy People 2020, one of which is to increase the per-
centage of students in grades 9 through 12 who get sufficient 
sleep.2 The most recent national data from the Youth Risk 
Behavior Surveillance System show that only 31.6% of stu-
dents in grades 9 through 12 got sufficient sleep (defined as 8 
h or more of sleep on an average school night) in 2013, with 
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no improvement since the first national data was collected 
in 2007.3 Therefore, a wide gap exists between healthy sleep 
practices and achievement in an unacceptable proportion of 
our school-aged youth.

It has been increasingly recognized that high school stu-
dents get less sleep than is recommended.4,5 There are mul-
tiple factors that may be associated with decreased sleep 
time in this group. Anecdotal information suggests that high 
school start times are commonly earlier than they were de-
cades ago, although national data have been available only 
for 2011 and 2014.6,7 Pressure to finish school early to allow 
earlier commutes, after-school activities, and administra-
tive and transportation reasons may have influenced deci-
sions to change to earlier start times.8 Juxtaposed against 
this trend is the evidence that suggests that the natural bio-
logical rhythms of adolescents and teens are a poor fit with 
early school start times. The circadian rhythm of teens is 
different than that of adults. Changes in sleep regulation as-
sociated with puberty, including delayed melatonin secretion 
and altered sleep drive, commonly lead to difficulty falling 
asleep at an early bedtime and to taking a longer time to 
fall asleep. Their “clocks” are set to prefer later sleep onset 
and later wakening.9 Early wake times necessitated by early 
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school start times push against this natural biological clock. 
In addition, environmental factors such as homework, ex-
tracurricular activities, social activities, part-time work, and 
technology exacerbate the tendency for teens to decrease 
sleep time.10,11

Chronic sleep loss in adolescents and teens has been as-
sociated with physical health consequences such as increased 
risk of obesity,12,13 metabolic dysfunction, and cardiovascu-
lar morbidity.14–16 Health issues beginning in the teen years 
are likely to lead to increasingly poor health with age, im-
posing both an individual and societal burden. Safety issues 
such as an increased likelihood of motor vehicle accidents are 
linked to sleep loss in teens.17–19 Mental health consequences 
of inadequate sleep include an increased risk of anxiety and 
depression and decreased motivation.20–24 Academic perfor-
mance is also likely to suffer in teens with chronic inadequate 
sleep.20,22,24–26

Largely based on these observational underpinnings, the 
American Academy of Pediatrics issued a policy statement 
recommending high school start times at 08:30 or later.27 
However, in order to better promote consensus and under-
standing about the effects of delaying school start times on 
important social, educational, and health outcomes, the Na-
tional Healthy Sleep Awareness Project Surveillance and 
Epidemiology workgroup was given the task of researching 
and critically reviewing the evidence from published studies 

regarding the effect of high school start times on sleep and 
other relevant outcomes.

METHODOLOGY

Literature Review
A comprehensive search was conducted in the PubMed and 
Scopus databases to identify any publications that addressed 
school start times and sleep duration. The search terms in-
cluded the following keywords: “schools” and “sleep” and 
[“start time” or “timing”]. All searches were limited to hu-
mans and published in English. This yielded 287 records. 
Publication types such as reviews, newsletters, comments, edi-
torials, and case reports were excluded. Articles that did not 
focus on 9th-and 12th-grade students were also excluded, but 
some articles that spanned grades 7 through 12 were included 
in the analysis.

This search strategy resulted in a total of 57 potentially rel-
evant publications; of which 23 unique studies were identified 
through PUBMED and 37 through SCOPUS. A thorough re-
view of all article titles and abstracts was conducted to iden-
tify articles of apparently sufficient relevance to review in full 
text. Following this review, 38 of the 57 articles were excluded, 
most often due to wrong age range or an irrelevant comparison, 
inclusion of qualitative-only data, or absence of documenta-
tion of school start times. After exclusions, 18 articles were re-
viewed, and 8 studies included in the meta-analysis. Figure 1 
documents the literature search process.

Outcomes of Interest
During review of the 57 studies, the task force inventoried 
outcomes described in these studies and selected those most 
pertinent. Studies offering direct comparison of total sleep 
time (TST), academic performance, physical performance, 
behavioral health measures, and motor vehicular accidents 
in populations of students with different start times were of 
primary focus.

Extraction of Evidence
Quantitative data pertaining to the outcomes of interest as 
well as information necessary for systematic evaluation were 
extracted from accepted articles. Eight articles contained suf-
ficient quantitative data to allow formatting for meta-analysis. 
Those with data presented in a format incompatible with desired 
statistical analyses were used selectively for further discussion.

Statistical Analyses and Interpretation
Meta-analysis was performed using Review Manager 5.2 
software and included calculations of the mean difference 
(MD) ± standard deviation (SD) and standardized mean dif-
ferences where applicable, for desired outcomes. All analyses 
were performed using the random effects model. The results of 
meta-analyses are depicted in figures within text, in association 
with a forest plot. Pooled MD (black diamond) on forest plots 
depicts the average response or magnitude of effect across all 
studies, and the width of the diamond represents the associated 
95% confidence interval (CI) of the average response.

Figure 1—PRISMA diagram for literature search to 
examine effect of high school start times on outcomes of 
interest.
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RESULTS

Evidence Base
Our search strategy resulted in 18 studies in total, including 10 
cross-sectional studies comparing 2 contemporaneous student 
populations with different start times,18,19,23,24,26,28–32 7 prospec-
tive studies evaluating the effect of school start times within 
the same school populations,8,17,20,21,33–35 and 1 retrospective his-
torical cohort study that compared outcomes in school popula-
tions of one geographical area separated by many years (and 
therefore different actual students).36

Although most studies evaluated public school populations, 
two prospective studies evaluated the effect of school-start time 
changes on outcomes in a boarding school population.20,33 Among 
the eight cohort studies, seven evaluated the effect of changes to 
a later school start times17,20,21,33–36 and one evaluated the effect of 
changes to an earlier school start time in the same school.8

Among the 18 studies, 12 provided comparisons between 
two conditions with different distinct school start times. 
Among these, 9 studies had the latest school start time at 08:30 
or later.17–20,24,28,34–36 In three studies, the latest school start time 
was still prior to 08:30.8,21,33 The median time difference be-
tween the two comparison conditions was 60 min (range, 20 
to 85 min).

In six studies there was not a distinct school start time dec-
laration.23,26,29–32 The study by Eliasson et al. focused primar-
ily on the relationship between TST and grade point average, 
and their survey did not inquire regarding specific school start 
time.29 Ming et al. surveyed students from five New Jersey 
high school programs and evaluated whether school start time 
was associated with sleep duration, quality of sleep, or symp-
toms of sleep disorders.26 There were several different start 
times, and results were dichotomized as before or at 07:30, or 
after 07:30. Orzech et al. produced a qualitative analysis re-
garding how messaging influenced sleep habits of high school 
students.30 Paksarian et al. used a nationally representative, 
cross-sectional survey of students from 245 schools to estimate 
associations of school start time with sleep duration and other 
outcomes, so only a range of start times (07:05 to 09:22, mean 
08:01) were included in the analysis rather than two distinct 
start times.31 Short et al.32 surveyed students from two coun-
tries (USA and Australia) attending various schools. School 
start times in the USA in the survey population were 07:45 ± 37 
minutess vs. 08:32 ± 28 min in Australia (mean ± SD).32 Finally, 

Winsler et al.23 surveyed students in a highly populated county 
in Virginia attending 25 regular high schools and 26 middle 
schools. High schools in this study started at 07:20. Sleep dura-
tion was compared among students with the contemporary av-
erage start time in the USA, which was quoted as being 08:00.23

Effect of School Start Time on Total Sleep Time and 
Sleepiness
The outcomes evaluated according to study type are shown in 
Table 1. TST, most often estimated by survey response, was 
recorded for school nights in 15 studies,8,17,20,21,23,24,26,28–34,36 and 
for nonschool nights in 10 studies.8,20,21,24,26,29–31,33,36 In general, 
later school start times were associated with longer TSTs on 
school nights, though in one prospective long-term evalua-
tion the TST initially increased with a move toward later start 
times, but TSTs had returned to baseline at subsequent evalu-
ation 9 mo after the change.34 Six studies supplied data in such 
a way that we could determine a pooled estimate of effect size. 
For the five studies in which early and later school start times 
differed by less than or equal to 60 min, school-night sleep 
times increased by an average of 18.65 min (95% CI 8.13 to 
29.16) (Figure 2).20,21,28,33,34 Two of these studies demonstrated 
a 22% improvement (95% CI: 11% to 33%) in measures of 
sleepiness during school day21,35 (Figure 3). When the delayed 
school start time differed from the early start time by more 
than 60 min, TST was 52.56 min (95% CI: 38.74 to 66.37) lon-
ger with the later start time24,32 (Figure 4). The available data 
did not allow a pooled estimate of the effect of a greater than 
60-min delay in start time on daytime sleepiness. However, in 
total there were seven studies with a difference in start times of 
greater than 60 min, six of which contained data on sleepiness 
measurements.20,21,33–36 In each of the six studies, indications of 
daytime sleepiness improved, though not always with statisti-
cal significance.

The estimated average duration of sleep on nonschool nights 
was 564.6 ± 86.9 min, compared to school night averages of 
458.7 ± 74.3 min (based on data from five studies8,20,21,24,33 
and nine studies,8,20,21,23,24,28,32–34 respectively). Among studies 
where start times differed by 60 min or less, a school night to a 
nonschool night’s sleep difference declined by 28.08 min (95% 
CI: 10.55 to 45.61) (Figure 5).20,21,33 One study where the start 
time varied more than 60 min, the school night to nonschool 
night sleep time difference was reduced by 84.41 min (95% CI 
65.94 to 102.88)24 (Figure 6).

Figure 2—Average response or magnitude of effect across all studies for the effect of school start time differences 60 min or 
less on total school-night sleep time.
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Effect of School Start Times on Academic 
Performance
The effect of school start times on academic performance was 
examined in eight studies.20,21,24,26,29,32–34 In three, school start 
times varied by less than 30 min.20,21,33 None of these found a 
significant change in performance measured by grades, and 
in one no difference in hours spent engaged in either home-
work or extracurricular activities with the move to a later start 
time was reported.33 However, in studies by Boergers et al. 
and Owens et al., which were studies of students at boarding 
schools, the researchers found that teacher-reported first hour 
tardiness or absences declined significantly with the delay in 
school start time.20,33 In three studies, the difference in start 
times was 60 min or more.24,26,32 Ming et al.26 found that earlier 

school start times were associated with a greater percentage 
of students receiving less than 7 h of sleep during the school 
week. However, only if sleep duration was less on both school 
days and weekend days or if weekend sleep duration alone 
was less than 7 h did academic performance suffer.26 In the 
study by Wolfson et al., students with earlier start times expe-
rienced tardiness four times more often and the eighth graders 
had worse grade point averages as those with the later start 
times (76.85 ± 9.45 vs. 83.79 ± 8.80).24 Short et al. found that 
start times did not affect grade performance.32 In neither study 
by Eliasson et al. nor Thacher et al. was the differing school 
start time associated with significant differences in grade per-
formance.29,34 Taken together, although delaying school start 
times appears to be associated with an increase in total sleep 

Table 1—Evidence extraction.
Reference Study Design Sample Size Age/School Year Range School Start Times Outcomes Evaluated
Boergers et.al. 
(2014)33

Prospective 
cohort

n = 197 15.6 years (mean age) T1 = 08:00 
T2 = 08:25 

Sleep duration for school 
nights and non-school 
nights, daytime sleepiness, 
self-reported grades

Borlase et.al.
(2013)36

Retrospective 
historical 
cohort

1999: n = 212
2008: n = 455   

13–18 years T1 = 09:30 
T2 = 10:30 

Median sleep timing 
variables (1999 and 2008), 
Daytime sleepiness (ESS)

Carskadon et.al. 
(1998)8

Prospective 
cohort

n = 40 14–16.2 years T1 (9th grade) = 08:25  
T2 (10th grade) = 07:20 

Sleep variables: school and 
non-school nights

Danner et al. 
(2008)17

Prospective 
cohort

Not specified 15–18 years T1 = 07:30  
T2 = 08:30 
(high school data) 

Motor vehicle crash rate (17 
to 18 years)

Dexter et al. 
(2003)28

Cross-
sectional

School 1: n = 193
School 2: n = 587

Sophomore and Junior year 
students

T1 = 07:50   
T2 = 08:35 

Mean hours of sleep, 
daytime sleepiness (ESS)

Eliasson et al. 
(2002)29

Cross-
sectional

School 1: n = 1,000
School 2: n = 200

9th–12th graders,  
7th graders 
(comparison group)

Unspecified Academic performance 
(GPA)

Ming et al. 
(2011)26

Cross-
sectional

n = 1,941 14–17 years T1 = before/at 07:30
T2 = after 07:30 

TST (in categories) on 
school and weekend nights, 
school performance grades

Orzech et al. 
(2013)30

Cross-
sectional

n = 51 14.5 years (mean age) Unspecified Cultural influences on 
adolescent sleep

Owens et al. 
(2010)20

Prospective 
cohort

n = 201 (completed 
both surveys) 

9th–12th graders T1 = 08:00 
T2 = 08:30 

Sleep patterns and behavior, 
daytime sleepiness

Paksarian et al. 
(2015)31

Cross-
sectional

n = 7,308 (from 245 
schools) 

13–18 years Range: 07:05–09:22  Mean school start times, 
sleep patterns (TST)

Perkinson-Gloor 
et al. (2013)21

Prospective 
cohort

n = 2,716 15.4 ± 0.8 years 
(mean ± SD)

Time 1: = 07:40 
Time 2 = 08:00  

TST, daytime sleepiness, 
behavioral persistence, and 
attitude toward life, school 
grades 

Short et al. 
(2013)32

Cross-
sectional

Australia: n = 385  
USA: n = 302   

Australia: 13–18 years 
USA: 13–19 years

Australia = 08:32 ± 0.28 
USA = 07:45 ± 0.37

TST

Thacher et al. 
(2016)34

Prospective 
cohort

Wave 0: n = 597
Wave 1: n = 410  
Wave 2: n = 372   

Wave 0: 16.07 ± 0.05 years
Wave 1: 16.41 ± 0.05 years  
Wave 2: 16.89 ± 0.05 years
(mean ± SE) 

Time 1 = 07:45 
Time 2 = 08:30 

TST, daytime sleepiness, 
academic performance

Table 1 continues on the following page
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Reference Study Design Sample Size Age/School Year Range School Start Times Outcomes Evaluated
Vedaa et al. 
(2012)35

Prospective 
cohort

n = 106 10th graders Intervention group:
Time 1 = 08:30
Time 2 = 09:30
Control group: T = 08:30  

Daytime sleepiness (ESS)

Vorona et al. 
(2011)19

Cross-
sectional

Virginia Beach:
2007: n = 13,018
2008: n = 12,916
Chesapeake:
2007: n = 8,315 
2008: n = 8,459 

16–18 years Virginia Beach schools: 
07:25  
Chesapeake schools: 
08:45 

Teen crash rates/1,000 
drivers

Vorona et al. 
(2014)18

Cross-
sectional

Chesterfield 
County:
2009: n = 10,434
2010: n = 11,059
2011: n = 10,275
Henrico County:
2009: n = 8,560,
2010: n = 8,805
2011: n = 8,357

16–18 years Chesterfield Co. schools: 
07:20
Henrico Co. schools: 
08:45 

Teen crash rates/1,000 
drivers

Winsler et al. 
(2014)23

Cross-
sectional

n = 27,939 (from 
multiple schools)

8th, 10th and 12th graders Unspecified Self-reported weekday 
sleep duration, mental 
health outcome variables 
(depression/hopelessness, 
suicidal ideation, and 
attempted suicide)

Wolfson et al. 
(2007)24

Cross-
sectional

n = 205 7th–8th graders School E: 07:15  
School L: 08:37 

TST, daytime sleepiness 
weekend delay, weekend 
oversleep, qualitative sleep 
variables (sleepiness, sleep–
wake behavior problems, 
sleep hygiene)

 

Table 1 (continued )—Evidence extraction.

Figure 3—Average response or magnitude of effect across all studies for effect of school start time differences 60 min or less 
on measured sleepiness during the school day.

Figure 4—Average response or magnitude of effect across all studies for the effect of school start time differences 60 min or 
more on total school-night sleep time.
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duration on school nights, this does not appear to translate 
into improved performance as reflected in grades or standard-
ized test scores. The literature does, however, reflect teacher 
and student reports of more engagement in class time activi-
ties.20 There also may be a decrease in tardiness or truancy 
when school start times are later.

Behavioral Health Measures
Two cross-sectional23,24 and three prospective cohort stud-
ies20,21,33 recorded measures of behavioral health. In studies 
by Owens et al. and Boergers et al., which were prospective 
cohort studies, school start times were advanced by 30 min or 
less for students attending a boarding school.20,33 Both studies 
used the School Sleep Habits Survey to evaluate self-reported 
feelings of depressed mood and irritability, and both found 
statistically significant declines with advancing the school 
start times. In the study by Owens et al., there was a signifi-
cant negative correlation between reported TST and depres-
sive symptoms, and in the study by Boergers et al., depressive 
symptoms were less common in students who reported aver-
age sleep times exceeding 8 h.20,33 In the study by Perkinson-
Gloor et al., school start times of 07:40 were compared with 
08:00. In this study, there was no significant change in mea-
sures of depressed mood, anxiety, or stress experienced in the 
week prior to survey using the Depression, Anxiety and Stress 
Scale (DASS-21), a 21-item survey instrument.21 Wolfson et 
al. evaluated the sleep–wake patterns of young adolescents 
attending urban, public middle schools with early (07:15) ver-
sus later (08:37) start times. They also used the School Sleep 
Habits Questionnaire, but did not publish their findings regard-
ing mood or anxiety.24 Winslor et al. evaluated students using 
the Fairfax County Youth Survey, an anonymous self-report 
survey designed to assess health, well-being, and behavioral 
risk factors among 27,937 adolescents in Fairfax County, VA. 
Their multivariate, logistic regression analyses of their large 

cohorts, controlling for background variables, indicated that 
1 h less of weekday sleep was associated with greater odds 
of self-reported feelings of hopeless, serious consideration of 
suicide, suicide attempts, and substance use. Their results were 
obtained from a population of high school students with the 
same start times, 1 h earlier than the national average. How-
ever, the study design did not allow a determination of how 
school start time affected TST, which was the main indepen-
dent variable in their evaluations.23

The data taken together suggest that later school start times 
may be associated with better behavioral health measures, but 
there are significant limitations in this evidence base. The 
studies of Owens et al. and Boergers et al. were short term, 
were in a primarily boarding school population, and may re-
flect seasonal effects because the delayed school start times 
coincided with spring term, versus fall term for earlier start 
times.20,33 The other three studies evaluating behavioral health 
either did not show any differences, did not report, or did not 
specifically evaluate the effect of a change in school start time.

Vehicular Accidents and Vigilance
Two studies by Vorona et al. and one by Danner et al. ad-
dressed the effect of school start times on the risk of vehicular 
accidents.17–19 In 2011, Vorona et al.19 compared accident rates 
across 2 y among two different cohorts of high school students 
with school start times that differed by 75 to 80 min. Crash 
rates were corrected for traffic congestion and compared with 
crash rates of other age groups in those communities. The 
cohort of students with the earlier start time had a statisti-
cally significantly higher vehicular crash rate (higher by 19.2 
crashes/1,000 drivers). The increase in crash rate was particu-
larly prevalent during school commuting times.19 In 2014, Vo-
rona et al.18 evaluated teen cohorts from two geographically 
similar counties with adjacent public school systems that have 
different high school start times. The analysis was similar to 

Figure 5—Average response or magnitude of effect across all studies for the effect of school start time differences 60 min or 
less on nonschool night sleep time.

Figure 6—Average response or magnitude of effect for the effect of school start time differences more than 60 min on 
nonschool night sleep time.
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that of the group’s earlier publication, and again found a statis-
tically significant increase in crash rates among the early start 
time cohort, again with peak accident rates during school com-
mute times. In this second study, a post hoc analysis indicated 
that there was an increase in run-off road crashes to the right, a 
vehicle crash type that has been closely linked to driver fatigue 
and inattention.18 Danner et al. evaluated the effect of a 1-h 
delay in school start times in one population of students. There 
was a 16.5% decline in average crash rates in the 2 y follow-
ing the delay in school start time among students in the cohort, 
compared with a 7.8% increase in crash rate across the entire 
state population.17 These data appear to provide consistent evi-
dence for an association between later school start times and 
decreased crash rates among students.

One additional study evaluated the effect of a delay in start 
time on a test of sustained-attention, and reaction.35 The inter-
vention school implemented a delay in start time of 1 h exclu-
sively on Mondays 2 y prior to this study. Data collection took 
place on Mondays and Fridays for both the intervention and 
the control schools. They found that with the delay in school 
start time on Mondays, students in the intervention group slept 
more than 1 h longer on Sunday nights. Consequently, there 
was an improvement in the reaction time, a valid predictor 
of performance. Surprisingly, even though the reaction time 
suggested that the intervention group was less fatigued than 
students in the control group, there was not a significant im-
provement observed in the self-reported sleepiness scale.

DISCUSSION

A number of studies pertaining to high school start times have 
been evaluated with outcomes that cover a range of functional 
outcomes including total sleep time, sleepiness, academic 
performance, tardiness, absenteeism, mental health measures, 
substance abuse, vehicular accidents, and reaction times. Stud-
ies suggest that later school start times, particularly for delays 
of 60 min or more, may be effective in proffering greater sleep 
durations, lower weekday-weekend differences in sleep dura-
tion, and reduced daytime sleepiness. Visual reaction times 
and rates of vehicular accidents appear to benefit from changes 
to a later school start time. However, the aggregated quality of 
evidence supporting these associations is only moderate, and 
the combined evidence that scholastic improvements are as-
sociated with increasing sleep duration is weak.

Significant limitations of the current studies include the 
lack of information on adolescent subgroups such as those de-
fined by sex, race/ethnicity, and socioeconomic status, as well 
as information on school characteristics such as urban/rural 
classification, transportation modes, and availability of extra-
curricular activities. One particularly significant problem in 
determining the effect of the start policy on these outcomes is 
the lack of studies that have examined the longitudinal effects 
of delayed school start times. This review and other similar 
recent reviews have relied primarily on cross-sectional stud-
ies that compared two or more schools with varying school 
start times.5,37,38 Because those schools have different charac-
teristics that are not controlled for, study designs may vary in 

fundamental aspects such as duration of implementation of the 
change in start times, and academic term of implementation or 
assessment, it is difficult to determine whether actual differ-
ences in outcomes are related to the start time or to those other 
characteristics. For example, cross-sectional studies similar to 
those in this review may suffer from sampling bias brought 
about through nonresponse from one or another group (re-
sponders may differ from non-responders with respect to the 
studied outcome), or the bias associated with convenience sam-
pling (sampling outcomes in a community that has changed its 
high school start time may have a greater interest in health and 
safety than those that do not).

As school districts begin changing school start policies, it 
would benefit our understanding of the effects, if pre-change 
and post-change outcomes were collected and evaluated in a 
standardized manner and published in order to contribute to 
a wider evidence-based literature of longitudinal intervention 
studies. Addition of propensity models may help reduce bias 
in such studies. In addition, follow-up assessments over longer 
time are needed in order to determine whether the observed 
sleep increases and other outcomes are maintained. It will 
also help us to understand the mechanisms of change. For in-
stance, Perkinson-Gloor et al. claimed to see academic benefits 
through the pathway of improving positive attitude towards life, 
and also behavioral persistence.21 Longitudinal studies would 
provide better data for assessment of such hypotheses. Further, 
longitudinal studies are needed to better inform schools as to 
the best start times for specific ages and grades.

At least two important circadian factors warrant consider-
ation for future research on the effect of changes in school 
start times. One is the location of a school within a time zone. 
For instance, studies in states with a large distance from east 
to west may have children waking at a different biological 
time or circadian phase, such that the same school start time 
will result in an earlier biological time for children in the west 
compared with the east. Knowing the circadian placement of 
the sleep period (bedtimes and rise times within the light-dark 
cycle) would be important for interpreting the data in future 
studies, and ultimately for advising the best practice for high 
school scheduling.

Another important circadian factor to consider in planning 
future studies, particularly those involving intervention, is 
evening exposure to light and/or “screen time,” such as watch-
ing television or using tablets, smart phones or other devices 
with light-emitting diodes (LEDs). Bright light, including that 
emitted by LEDs of eReaders, inhibits the production of mela-
tonin, the hormone that signals the onset of nighttime and en-
suing sleep time in humans.39 Use of these LED technologies 
during times shortly before bed, when melatonin is normally 
rising, is very common in adolescents. Knowing the dose of 
evening light exposure would be relevant in interpreting data, 
particularly intervention study data in this cohort.40

Various professional organizations including the American 
Academy of Pediatrics, the American Academy of Sleep 
Medicine, the American Thoracic Society, and the National 
Sleep Foundation recently have recognized that a healthy 
sleep is important for adolescents and children.27,41–43 The 
American Academy of Sleep Medicine and the National Sleep 
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Foundation agree that adolescents should sleep 8 to 10 h for 
optimal health.41,43 However, national data for 2013 show that 
US high school students reported that 68.4% slept 7 h or less on 
school nights whereas only 23.2% slept 8 h, 6.0% slept 9 h, and 
2.4% slept 10 h or more.3 In 2014, the American Academy of 
Pediatrics recommended that high schools and middle schools 
aim for start times of 08:30 or later to allow students the op-
portunity to achieve optimal hours of sleep and to improve 
physical and mental health, academic performance, safety, and 
quality of life.27 In the same year, the School Health Policies 
and Practices Study reported that 82.8% of middle schools and 
92.7% of high schools started before 08:30.44 In a 2011–2012 
national survey of US public schools, 81.1% of middle schools 
and 85.6% of high schools started before 08:30 with 40.7% 
of middle schools and 42.5% of high schools starting before 
08:00.7 With such early start times and the morning prepara-
tion and transportation time needed for those start times, ado-
lescents would have to initiate sleep at earlier hours than their 
natural circadian rhythms would allow in order to obtain at 
least 8 h of sleep. Therefore, it is not at all surprising that many 
adolescents do not receive sufficient sleep on school days.

Parent groups across the nation are active in lobbying their 
school leadership at a local level to delay school start times, 
as this is a decision often determined at the individual school 
system level rather than at a state level. Parent groups often 
meet with considerable resistance in terms of realistic school 
system concerns about changes in bus scheduling and potential 
increases in transportation costs; difficulties in planning after-
school extracurricular activities and athletic events, which may 
run into darkness during the winter months; and potential in-
creased traffic congestion during rush hours. 27 Other parents 
have concerns about shifting younger children to earlier school 
hours; child care issues when older siblings serve as caretak-
ers of younger children but may arrive home later; and stu-
dent afternoon employment opportunities. Information about 
how some schools systems and communities have successfully 
overcome these barriers is available at http://www.startschool-
later.net/case-studies.html

CONCLUSIONS

We have provided a systematic review with meta-analysis of 
certain key outcomes from studies seeking to understand the 
effect of early versus late start times on high school students. 
We have found that we know with some confidence that later 
start times are associated with increased total sleep duration, 
lower weekday-weekend differences in sleep duration, and 
reduced subjective daytime sleepiness. Due to limitations 
in study design, we do not know with confidence that move-
ment of school start times from early to later will result in im-
proved academic performance or in improved mental health 
parameters, though this may be the case. The current trend 
toward later school start times makes biological sense. How-
ever, there is much more to learn regarding circadian issues in 
youth of different ages. As a nation, we are in need of well-de-
signed and appropriately powered research to illuminate these 
key issues so that complex trade-offs involved in community 

decisions to move school start times may be better informed 
and data driven.
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