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Objective: To determine whether school start time changes impact adolescents’ mood, self-regulation,
safety, and health.
Methods: In September 2015, two school start time changes were implemented in Fairfax County (VA) Pub-
lic Schools: a 50-minute delay (to 8:10 AM) for high schools and secondary schools and a 30-minute advance
(to 7:30 AM) for middle schools. We conducted cross-sectional surveys of students’ sleep, mood, self-regula-
tion, health, and safety before (2017 students) and after (1180 students) these changes.
Results: Adjusted for confounders, a 50-minute delay was associated with a decreased prevalence of low
mood (�4.7%; 95% confidence interval [CI]: �8.2%, �1.2%), drowsy driving, (�8.4%; 95%
CI: �15.9%, �0.9%), and skipping breakfast (�4.2%; 95% CI: �8.1%, �0.2%) but no other significant changes.
There were no significant changes associated with a 30-minute advance.
Conclusions: A 50-minute delay in school start time in high schools and secondary schools was associated
with a decreased prevalence of low mood, drowsy driving, and skipping breakfast. A 30-minute advance

in start time in middle schools was not associated with any appreciable changes.

© 2019 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Introduction

Numerous studies have evaluated the impacts on adolescents of
delaying school start times (SSTs),1e5 but most studies have focused
on sleep and academic performance. Few have involved large public
school districts with adequate comparison conditions or groups.
Both mood and self-regulation might mediate the relationship
between sleep duration and academic performance, social relation-
ships, and risk-taking behaviors. Some studies have shown beneficial
impacts of SST delays on mood,6e9 and others have not.5,10 However,
no studies to our knowledge have evaluated impacts on self-regula-
tion. With regard to safety, there is indirect evidence that SST delays
may reduce teen car crashes,11,12 but no studies have evaluated the
impact of SST on other injuries or drowsy driving.

Few studies of SST change have assessed any sleep-related health
outcomes. Skipping breakfast may impair academic performance13

and occur more often with earlier school start times, but it has not
ne Atwell Rd, Cooperstown,

taker).

y Elsevier Inc. All rights reserved.
been evaluated in relation to SST. Many studies in children and
youth have shown a relationship between obesity and short
sleep,14e16 but only a single study examined the impact of SST delay
on body mass index (BMI) and found no impact.17 In addition,
although a single item to assess self-rated health was shown to be
associated with shorter sleep duration and poorer sleep quality in
adults,18 this item was not related to sleep duration in teens19 and
has not been studied in relation to SST.

We previously reported the impacts on adolescents’ sleep of a 50-
minute delay in high school start times and a 30-minute advance in
middle school start times in one of the largest US school districts.
We found an increase in school-night sleep duration of approximately
30minutes after the SST delay and a decrease of approximately
15minutes after the SST advance.20 This report describes the impacts
of these same SST changes on adolescents’ mood, self-regulation,
safety, and health.

Participants and methods

We used a quasi-experimental design with repeated cross-
sectional school surveys to evaluate the impacts of SST changes in
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Table 1
Student characteristics in samples with SST delay and advance

Characteristic SST delaya

(N¼ 2146)
SST advanceb

(N¼ 1051)

Age, y, mean (±SD) 15.7 (±1.5) 13.5 (±0.6)
Female sex, n (%) 1202 (56.0) 574 (54.6)
Race/ethnicity, n (%)
Non-Hispanic White 1251 (58.3) 587 (55.9)
Non-Hispanic Black 150 (7.0) 47 (4.5)
Hispanic, any race 214 (10.0) 77 (7.3)
Non-Hispanic Asian 297 (13.8) 207 (19.7)
Non-Hispanic other race 234 (10.9) 133 (12.6)

Highest parental education, n (%)
Higher than master’s 342 (17.7) 183 (19.2)
Master’s or some graduate school 915 (47.3) 478 (50.0)
College graduate 408 (21.1) 210 (22.0)
Some college or technical degree 171 (8.9) 67 (7.0)
High school diploma or less 97 (5.0) 17 (1.8)

Children <19 y in the household, n (%)
1 child 549 (28.1) 185 (19.1)
2 children 891 (45.6) 517 (53.5)
3 children 348 (17.8) 191 (19.8)
4 or more children 167 (8.5) 73 (7.6)

Single-parent household, n (%) 201 (10.2) 75 (7.8)
Receives free or reduced-price meals, n (%) 265 (12.3) 64 (6.1)
Attention-deficit/hyperactivity disorder, n (%) 209 (10.0) 101 (9.8)
Chronotype score, mean (SD) 26.4 (±5.1) 27.3 (±5.2)

a Participants were missing data on characteristics as follows: parental education
(213), children <19 years in the household (191), single-parent household (179), atten-
tion-deficit/hyperactivity disorder (48), and chronotype (145). Columnpercentages for
race/ethnicity, parental education, and children <19 years in the household may not
add to 100.0% because of rounding.

b Participants were missing data on characteristics as follows: parental education
(96), children<19 years in the household (85), single-parent household (84), attention-
deficit/hyperactivity disorder (20), and chronotype (55). Column percentages for race/
ethnicity, parental education, and children <19 years in the household may not add to
100.0% because of rounding.
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Fairfax County (VA) Public Schools, the 10th largest US school
district.21 The study protocol was approved by the school district’s
Research Screening Committee and the Institutional Review Boards
at the Children’s National Medical Center and Temple University.

In September 2015, two district-wide changes were implemen-
ted: (1) a 50-minute delay, from 7:20 AM to 8:10 AM, in the 24 high
schools (grades 9-12) and 3 secondary schools (grades 7-12) and (2)
a 30-minute advance, from 8 AM to 7:30 AM, in the 23 middle schools
(grades 7-8). In the spring of 2015, before SST changes, we conducted
an online survey of students and their parents in a subset of 19
schools (8 middle, 8 high, and all 3 secondary schools). These 19
schools were selected to be representative of the entire district in
terms of student race/ethnicity and family income. In the spring of
2016, after the SST changes, another online survey was conducted in
the same 19 schools using the same survey protocol and instrument.

In both surveys, parents received an email from the school district
asking them to complete an online survey and grant consent for their
child to complete a survey. Students with parental consent were
emailed a link to an online survey and received a $5 gift card after
completing it. Of the students enrolled in the 19 schools, 3197 stu-
dents (age�12.0 and <19.0 years) completed surveys: 2017 students
before the SST changes (6% of ~34,900) and 1180 students after the
SST changes (3% of ~35,300). Compared with the overall population
of students in grades 7-12 in the district, those who completed sur-
veys were more often non-Hispanic White (before changes, 60.7% vs
42.1%; after changes, 52.0% vs 41.0%) and less often received free or
reduced-price school meals (before changes, 8.1% vs 27.4%; after
changes, 14.0% vs 27.6%).

Outcome measures

Using the self-report survey data, we examined the impact of 2
SST changes. This report focuses on 9 outcome measures in the
areas of mood, self-regulation, safety (3 separate measures), and
health (4 separate measures).

Mood
Moodwasmeasuredwith a single item from the Youth Risk Beha-

vior Surveillance System.22 Students were classified as having low
mood if they answered “yes” to the following question: “During the
past 12 months, did you ever feel so sad or hopeless almost every
day for two weeks or more in a row that you stopped doing some
usual activities?”

Self-regulation
Self-regulation was measured with the 12-item Behavior Rating

Inventory of Executive Function, second edition, Screening Self-
Report Form.23,24 Students were asked whether they “had problems
over the last 6 months” with each of 12 behaviors and were given
the response options of “never” (1), “sometimes” (2), or “often” (3).
We reverse-coded items so that higher scores reflected greater self-
regulation, and calculated the self-regulation score (Executive Func-
tion Screening score, possible range 1-3) as an average of the 12
items. In the study sample, the self-regulation scores had a statisti-
cally normal distribution, with an internal consistency (Cronbach a)
of .85.

Safety
For the first of 3 safety measures, students reported on whether

(yes/no) they were injured “during a team sport, athletic activity, or
exercise” during the past 6months. A second safety measure was
based on report of being injured (yes/no) during the past 6months
in any of the following ways: “being in a physical fight with some-
one,” “being hit by a moving vehicle while walking,” “while working
at a job,” or “another way.” A third safety measure, evaluated only in
those of driving age (�15.5 years) who reported ever driving, was the
prevalence of drowsy driving, defined as having ever “driven a car or
motor vehicle while feeling drowsy” in the past year.25

Health
Four separate health outcomes were evaluated. Students were

classified as having fair or poor self-reported health based on
responses to the question, “Compared to other people your age,
would you say your health is poor, fair, good, very good, or
excellent?”22 A secondmeasure, the prevalence of skipping breakfast,
was based on a “no” response to the question, “Onmost school days,
do you eat breakfast before your first class begins? (yes/no).” The
third measure, physically active days per week (0-7), was based on
the student response to the question, “During the past 7 days, on
how many days were you physically active for a total of at least 60
minutes per day?”22 Self-reported height and weight were used to
establish BMI�85th percentile for age and sex, the fourthmeasure.26

Covariates

Data on 10 potentially confounding variables were obtained from
the student and parent surveys and the school district’s electronic
administrative records, as previously described.20 These variables
included school, 7 sociodemographic characteristics (Table 1), having
attention-deficit/hyperactivity disorder, and chronotype score.27

Data analysis

Our analyses involved 3197 surveys of students. There were 2146
surveys of secondary and high school students (1416 before and
730 after SST delay) and 1051 surveys of middle school students
(601 before and 450 after SST advance). For our 9 outcomemeasures,



Table 2
Impact of a 50-minute delay and a 30-minute advance in SST on sleep-related health outcomes

SST delay SST advance

Before
(N¼ 1416)a

After
(N¼ 730)a

Adjusted difference
(95% CI)b

Before
(N¼ 601)c

After
(N¼ 450)c

Adjusted difference
(95% CI)b

Low mood, n (%) 266 (20.4) 109 (16.6) �4.72 (�8.20, �1.24)* 66 (11.7) 56 (14.1) 2.16 (�1.99, 6.31)
Self-regulation score, mean (SD) 2.26 (0.41) 2.29 (0.42) 0.02 (�0.02, 0.06) 2.37 (0.41) 2.38 (0.40) 0.01 (�0.04, 0.06)
Sport or exercise injury in past 6 mo, n (%) 609 (46.6) 285 (43.0) �2.69 (�7.35, 1.97) 293 (51.7) 194 (48.6) �2.04 (�8.33, 4.26)
Other injuries in past 6 mo, n (%) 349 (26.7) 160 (24.2) �2.05 (�6.14, 2.04) 167 (29.5) 120 (30.0) 1.51 (�4.29, 7.31)
Drowsy driving in past year, n (%)d 205 (47.6) 90 (40.0) �8.38 (�15.89, �0.87)** e e e

Fair or poor self-reported health, n (%) 203 (14.6) 100 (14.0) �1.65 (�4.73, 1.43) 49 (8.2) 44 (10.1) 1.85 (�1.68, 5.37)
Skipping breakfast, n (%) 404 (29.9) 190 (27.3) �4.16 (�8.12, �0.20)** 109 (18.3) 77 (18.1) �0.67 (�5.29, 3.95)
Physically active days per week, mean (SD) 3.70 (2.31) 3.61 (2.35) 0.05 (�0.16, 0.27) 4.04 (2.20) 4.05 (2.13) 0.07 (�0.20, 0.34)
BMI �85th percentile, n (%) 263 (19.5) 110 (16.0) �3.37 (�6.83, 0.10) 103 (18.1) 61 (14.9) �3.18 (�7.80, 1.44)

* P< .01.
** P< .05.
a For SST delay, participants were missing data on outcomes as follows (before SST delay; after SST delay): low mood (110; 72), self-regulation (134; 87), sport or exercise injury

(110; 67), other injuries (109; 68), self-reported health (27; 18), skipping breakfast (66; 33), physically active days (106; 66), and overweight and obesity (70; 42).
b Difference adjusted for 10 covariates: age, sex, race/ethnicity, highest parental education, children <19 years in the household, single-parent household, free or reduced-price

meals, attention-deficit/hyperactivity disorder, chronotype, and school. Missing data were imputed for all covariates (not outcomes). Sequential regression imputationwas used to
create 20 imputed data sets for each outcome.

c For SST advance, participants were missing data on outcomes as follows (before SST advance; after SST advance): low mood (38; 53), self-regulation (49; 60), sport or exercise
injury (34; 51), other injuries (35; 50), self-reported health (3; 15), skipping breakfast (6; 24), physically active days (30; 50), and overweight and obesity (33; 41).

d Sample sizes for drowsydriving are 431 (before SST delay) and 225 (after SST delay). Among those in the SST delay samples, this outcomewas only assessed in those�15 years of
age (legal age for obtaining a learner’s permit in VA) who also reported ever driving. This outcome did not apply to those in middle schools with an SST advance because all were
<15.5 years of age.
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we determined the adjusted differences between the samples before
and after SST changes. For each outcome, separate regression models
were used for those experiencing SST delay (9 total models) and
those experiencing SST advance (8 total models [excludes drowsy
driving]). Each model included the outcome of interest, all 10 covari-
ates, and a binary variable for before or after SSTchange. For adjusted
mean differences in self-regulation score and physically active days,
we used linear regression models. For the other 7 outcomes (all bin-
ary), we computed standardized prevalence differences before and
after the SSTchange using logistic regressionmodels.28 For those out-
comes that were significantly different after SST changes, we added
school-night sleep duration to regression models to explore possible
mediation of these outcomes by changes in sleep duration.

Results

Table 1 shows the characteristics of the 3197 students in the sam-
ples used to evaluate the 2 SST changes (50-minute delay and 30-
minute advance), and Table 2 shows the estimated impacts of these
changes on the 9 outcomes. The adjusted prevalence of low mood
was significantly lower after the SST delay, aswas the adjusted preva-
lence of drowsy driving and skipping breakfast. However, there were
no significant changes in self-regulation or other measures of safety
or health after the SST delay. Noneof the outcomes significantly chan-
ged after the SST advance.

After further adjusting regression models for school-night sleep
duration, the estimated decreases (95% confidence interval [CI]) in
the prevalence of low mood, drowsy driving, and skipping breakfast
following the SST delay were �2.55% (�6.19%, 1.08%), �6.30%
(�14.03%, 1.43%), and �2.09% (�6.19%, 2.00%), respectively, and was
no longer statistically significant (P> .05).

Discussion

Following a 50-minute SST delay in the high schools and second-
ary schools of a large US public school district, there were statistically
significant reductions in the prevalence of adolescents’ reports of low
mood, drowsy driving, and skipping breakfast. Self-regulation and
other health and safety outcomes were not appreciably impacted by
SST changes. For the middle school students, following a 30-minute
SST advance, there were no statistically significant impacts on
mood, self-regulation, safety, or health-related variables. It is likely
that the 15-minute decrease in sleep associated with this start time
advance20 in middle schools was insufficient to have any of the
hypothesized adverse impacts. In addition, some younger middle
school students may not have experienced the effects of the adoles-
cent circadian phase delay as strongly as older high school students,
and this could have partially explained the lack of significant impacts
of the 30-minute advance in middle school start time.

The positive impacts onmoodwere consistent with some evalua-
tions of SST delay6e9 but not others.5,10 In contrast to the other SST
evaluations, we measured mood with a single item. Using cross-sec-
tional data collected from 2009 on this same item in Fairfax County
Public Schools, Winsler and colleagues showed that the prevalence
of lowmood was significantly associated with sleep duration among
27,937 middle and high school students.29 Low mood decreased
from approximately 32% among those who slept 6 hours per night
to approximately 20% among those who slept 8 hours per night.
These data are consistent with the possibility that the changes we
found in the prevalence of low mood after changes in SST (a 4.7%
decrease in low mood with a 30-minute increase in sleep duration
and a 2.2% increase in low mood with a 15-minute decrease in dura-
tion) were caused by changes in school start time.

To our knowledge, impacts of SST changes on self-regulation and
drowsy driving have never been evaluated. Our findings for these 2
outcomes are consistent with our reports from cross-sectional ana-
lyses of the baseline surveys examining the relationships between
school-night sleep duration and the self-regulation score (no signifi-
cant association24) and the prevalence of drowsy driving (significant
inverse association25). Consistent with other studies, we found no
impact of SST delay on BMI17 or self-reported health,10 and we
know of no SST impact evaluations that assessed injuries or breakfast
skipping.

This design had the limitations of low response rate, self-report
measures, and lack of random assignment, as previously reported.20

The external validity of our findings may be limited by the fact that
those who responded to the surveys did not represent the full diver-
sity of the students in the entire school district. We studied a repre-
sentative subset of schools in the district. However, as previously
noted,20 the low response rate was likely due to the school district’s
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restriction on administering the survey during class time, which was
themethod used to obtain data in other SST studies. Despite this lim-
itation, the study may have still provided a valid estimate of the
impact of SSTs on the outcomes examined.30 The statistically signifi-
cant impacts on 3 measures should be taken as preliminary because
we examined several outcomes. Because the addition of school-
night sleep duration to our regression models attenuated the magni-
tude of the association between SST delay and the 3 statistically sig-
nificant outcomes, it is possible that these impacts were partially
mediated by increased school-night sleep duration. However, the
study design did not allow us to formally test mediation.31,32

This report provides evidence that a 50-minute delay in start time
in high schools and secondary schools, which was associated with an
increased school-night sleep duration of 30minutes, may have also
had beneficial effects on mood, drowsy driving, and eating breakfast.
Impacts of greater magnitude and in other areas of health and safety
may require later start times and additional educational interven-
tions about sleep health.
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