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ABSTRACT

Background: To date, no longitudinal population-based studies of school start times have been con-
ducted within Canada. School schedule changes provided an opportunity to examine start times in as-
sociation with youth sleep, physical activity, and screen use over time.
Methods: This longitudinal study included grade 9—12 students attending 49 Ontario secondary schools
that participated in at least two consecutive years of the COMPASS study (2012—2017). Fixed effects
models tested whether differences in within-student change in self-reported sleep duration, moderate-
to-vigorous physical activity, and screen time were associated with school start time changes, adjusting
for student- (grade, sex, ethnicity, spending money) and school-level covariates (median income,
urbanicity, geographical area).
Results: Thirteen start time changes of 5—10 min were reported. Ten-minute advances at earlier clock
times (8:30 AM—8:20 AM; 8:40 AM—8:30 AM) were associated with steeper sleep duration declines than
schools with consistent start times but had no effect at later times (9:00 AM—8:50 AM). While sleep
change did not differ with 5-min delays, 10-min delays (8:50 AM—9:00 AM) were associated with
additional sleep (23.7 min). Apart from one school that shifted from 8:30 AM to 8:35 AM, in which screen
time and physical activity decreased more steeply, no effect was found for screen time, and 5-min delays
were associated with more physical activity (10.9 min) and advances with less activity (—8.0 min).
Conclusions: Results support start time delays as a valuable strategy to help ameliorate sleep debt among
youth. Interference with physical activity or increased screen time appear unlikely with modest schedule
changes. Potential adverse impacts on sleep require consideration with 10-min advances.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

8- to 10-h a night [6], yet at least one-third of Canadian youth report
sleeping less than 8 h [7]. Sleep duration is consistently shown to

Sufficient sleep is essential for the health, development, and
daily functioning of adolescents. Short sleep increases the risk of
obesity, poor dietary intake, accidents/injuries, substance use,
emotional dysregulation, reduced executive functioning, and lower
academic achievement [1-5]. The Canadian 24-h Movement Guide-
lines recommend youth age 14- to 17-years-old sleep an average of
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decline with age over adolescence [7—9]. In addition to the
numerous social changes during this period (eg, reduced parental
monitoring, increased academic demands and social/extracurricular
activities, part-time employment) that may contribute to later
bedtimes, puberty is associated with a natural circadian shift to-
wards later sleep onset [10,11]. As a result, adolescents have greater
morning sleep needs, which often conflict with school start times
(SST). Accordingly, the American Academy of Pediatrics [12,13]
released a policy statement recommending SST of 8:30 AM or
later, and more recently, several Canadian organizations (eg, Cana-
dian Academy of Child and Adolescent Psychiatry, College of Family
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Physicians of Canada, American Thoracic Society) have called for
delayed SST to align with adolescent sleep-wake patterns.

Past research generally supports the benefits of delayed SST for
weekday sleep durations among youth, with the difference pri-
marily attributable to later waketimes [14—16]. Some evidence also
suggests later SST result in less daytime sleepiness and trouble
staying awake [14—17]. Outcomes apart from sleep have received
relatively less attention. The strongest available evidence indicates
delayed SST promote reduced: caffeine use, depressive symptoms,
tardiness to class, and absenteeism [14—16,18,19]. Several studies
also supported beneficial effects on academic performance [20,21].
Shifts to later SST may also improve physical activity and sedentary
behaviour levels, if sleep deprivation was contributing to physical
inactivity and increased time spent sedentary. Conversely, reser-
vations for delaying SST include potential interference with after-
school sports and extracurricular activities [22], as well as skepti-
cism that youth will use the time afforded by later SST for sleep
[22,23]. Screen use is often regarded as a primary contributor to late
bedtimes and reduced sleep among youth [24,25], but has yet to be
studied in relation to SST.

Reviews and meta-analyses identify a continued need for pro-
spective and experimental research, as the majority of past studies
have used cross-sectional designs or lacked comparison groups
[14—17]. A 2017 Cochrane review deemed existing evidence to be
limited and of very low-quality, and hence, was unable to draw
conclusions regarding the true beneficial and adverse effects of
later SSTs [15]. Furthermore, SST research has predominately been
conducted in US schools, with only a few Canadian studies. In two
large youth Canadian population studies, students attending
schools with later SST reported longer sleep durations and were
more likely to meet sleep duration recommendations [26,27].
Similarly, a small Quebec study found students assigned morning
school schedules to have shorter objective sleep durations and
more daytime sleepiness than their peers following afternoon
schedules [28].

To date, no longitudinal studies have been conducted in Canada,
yet the SST changes have been a topic of recent public interest.
Shifts to school schedules to save on bus costs have raised concerns
about the potential impact on student health and wellbeing [29].
Moreover, some school boards contemplating delayed SSTs have
expressed a need for further evidence to inform scheduling de-
cisions, while others are reportedly reluctant to make the change
[30,31]. Scheduling changes among schools participating in the
COMPASS study provided an opportune natural experiment to
examine whether changes to SST were associated with subsequent
changes to sleep duration, physical activity, and sedentary behav-
iours of youth over time. In a large cohort of students attending
Ontario secondary schools, the current study aimed to evaluate
whether SST delays and advances of different durations and at
various clock times influenced one-year changes in sleep duration,
physical activity, and screen time. We hypothesized that SST delays
would be associated with longer sleep duration, more physical
activity, and less screen time in youth, while the opposite would be
observed with SST advances.

2. Methods
2.1. Design

The COMPASS Study collects longitudinal data from students in
grades 9 through 12 and the Canadian secondary schools they
attend [32]. Each year, by collecting whole-school samples and
using a rolling cohort design, graduating grade 12 students leave
the cohort and newly admitted grade 9 students enter into the
cohort, and therefore, each individual student has the potential to

provide up to four years of longitudinal data. COMPASS uses a
multilevel and quasi-experimental design to examine how changes
in school and surrounding area policies, programs, and built envi-
ronment characteristics impact multiple youth health behaviours
and outcomes over time. A full description of COMPASS and its
methods are available in print [32] or online (www.compass.
uwaterloo.ca). All procedures were approved by the University of
Waterloo Office of Research Ethics and appropriate school board
committees.

2.2. Data collection tool

The COMPASS student questionnaire (Cq) collects student-level
data pertaining to multiple health behaviours and outcomes, cor-
relates, and demographic characteristics. In each school, the Cq was
completed once annually by whole-school samples during class
time. The cover page contains measures to generate a unique stu-
dent code for each respondent to allow student data to be linked
over multiple years while preserving anonymity [33].

2.3. Measures

2.3.1. Student-level measures

Sleep duration was assessed by asking students how much time
in hours (0—9) and 15-min intervals (0, 15, 30, 45) they usually
spend sleeping per day. Similarly, students were asked the amount
of time per day they usually spend engaging in different forms of
screen use (“watching/streaming TV shows or movies,” “playing
video/computer games,” “talking on the phone,” “surfing the
internet,” and “texting, messaging, emailing”). To determine Mod-
erate-to-Vigorous Physical Activity (MVPA), students were asked
how many minutes of hard and moderate physical activity they
engaged in on each of the last seven days to calculate a daily
average. The physical and sedentary activity measures have been
previously validated (see Wong et al., [34]| and Leatherdale et al.,
[35] for psychometric properties).

Student-level correlates included student-identified sex (male,
female), grade (9—12), and self-identification as White, Black, Asian,
Latin American/Hispanic, Off-Reserve Aboriginal, other, or mixed. In
addition, student-reported weekly spending money (don't know/
missing, 0, $1—40, $40—100, $100-+) was included as an indicator of
socioeconomic status (SES) and/or part time employment.

” o«

2.3.2. School-level measures

Beginning July 27, 2017, Ontario public/separate school boards
were contacted via email to request a list of school start times (SST)
by year for schools in their board that had participated in the
COMPASS study. Private school boards were not approached. A
follow-up email was sent to school boards that had not responded
on September 20, 2017.

School-level covariates included school-area average median
household income, urbanicity, and geographical area (Greater
Toronto Area, and Eastern, Southwestern, Northern Ontario). Me-
dian household income was generated using the census divisions
that corresponded with school postal codes according to data from
the 2011 National Household Survey. Urbanicity was determined
based on school postal codes and Statistics Canada classifications of
“rural” area and “small,” “medium,” and “large urban” population
centers [36]. Rural and small population-center categories were
collapsed based on the low frequency of rural schools.

2.4. Participants

School boards and schools were purposefully selected in the
COMPASS study based on whether they permitted active-
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information passive-consent parental permission protocols.
Eligible schools were approached after board approval. Students
could decline to participate at any time.

The current study used data from Ontario publicly-funded sec-
ondary schools participating in at least two consecutive years of the
COMPASS study from Year one (Y1:2012/13) to five (Y5:2016/17). In
total, SST data were collected for 49 Ontario publicly-funded sec-
ondary schools (three schools did not respond). Schools and their
students could be entered more than once in the models, for each
two consecutive years that they participated in the study (ie,
Y1-Y2, Y2—-Y3, Y3—Y4, and/or Y4—Y5; 22 schools participated in
all five years; 21 schools participated in four years; and four schools
participated in three years).

The average student response rate was 80% each year. Missing
respondents resulted primarily from scheduled spares (ie, study
periods) or absenteeism during data collection. Within those 49
schools, students missing outcome (sleep duration, screen time, or
MVPA) data were excluded by each year of participation (see
Table 1). As done previously [7,9], students with sleep duration
responses interpreted as probable misreports (less than 1 h) or
considered outliers (>3 SDs outside the sample mean) were
removed, as they were considered biologically implausible on a
consistent basis.

To explore longitudinal changes, student-level data were linked
over time within schools for each set of two consecutive years. The
process of linking is described in more detail by Qian et al., [33]. The
main reasons for non-linkage included students transferring
schools or dropping out, not providing data for grade or sex, free/
study periods or absenteeism, or inaccurate data provided in the
linkage measures.

Within 49 schools, the final sample included 27,930 unique
students (7698 students were included for the first time in Y1; 9244
in Y2; 5910 in Y3; and 5078 in Y4). Students that were linked for
multiple years could be entered more than once into the models,
for each set of two consecutive years that they participated. As a
result, 41,790 student sets of data were included in the analyses
(Y1-Y2 N = 7698; Y2—-Y3 N = 12,775, Y3—Y4 N = 11,660, Y4—-Y5
N = 9657).

2.5. Statistical analysis

Results from preliminary data analysis on the within-subject
change revealed: (1) increases or decreases in sleep duration,
MVPA, and screen time are not always linearly related to the SST
advances or delays of 5 or 10 min; and, (2) the effect of SST delays
or advances depends on previous year SST (ie, clock time range). To
accommodate these findings, SST changes were categorized as four
treatment groups [5 or 10 min earlier (-5, —10) or later (+5, +10)]
with no change (0) as the control, and previous year SST clock time
range was categorized into four groups (8:00—8:29 AM,;
8:30—8:59 AM; 9:00—9:29 AM; 9:30—10:00 AM). Their interaction

Table 1

(ie, the interaction between SST change and previous year SST
clock time range) was included in the model. Schools that partic-
ipated for multiple consecutive years in the study, could be entered
more than once in the models (ie, for each two consecutive years
of linked data [Y1-Y2, Y2—Y3, Y3—Y4, and/or Y4—Y5]). Fixed ef-
fects models were used to test the association between SST change
and within-student change in sleep duration, with student-
(grade, sex, ethnicity, weekly spending money) and school-level
covariates (school area urbanicity, median household income,
geographical area). Models tested for significant difference-in-
difference in terms of whether the change in student sleep dura-
tion from the year prior (within-student change) differed in stu-
dents attending schools with SST changes (intervention schools) in
comparison to what would be expected based on students
attending schools with no SST change from the year prior (control
schools). The model was repeated with student MVPA and screen
time as outcome variables. Difference in difference models were
used because: (1) the models are straightforward [the effect of
change (SST) on change (student sleep duration, MVPA, and screen
time)]; (2) they eliminate the unobservable time-invariant effect;
(3) they reduce selection bias; and (4), preliminary analyses indi-
cated within-subject sleep durations, MVPA, and screen time
results were highly correlated. All analyses were implemented in
SAS 9.4.

3. Results

SST ranged from 8:00 AM to 9:35 AM. Based on responses, 11 of
the 49 individual schools made SST changes between 2012/13 and
2016/17, with three schools (Schools 7, 8, and 9) changing their start
time twice during this period (see Table 2 for SST changes). The 2-
min SST change at School 10 (9:33 AM to 9:35 AM) was removed
from the models as we hypothesized it would be insufficient to
result in a meaningful change in the outcomes of interest. The 13
SST changes at the remaining 10 schools were in the range of
5—10 min earlier or later.

See Table 3 for the number of schools classified by each set of
two consecutive linked years that they participated and were
entered into the models, classified by their previous year SST clock
range and the SST change. Schools with SST changes that partici-
pated in multiple years of the study can act as controls for a
different set of years in which there was no SST change. Given that
schools could be entered into the model more than once (for each
set of two consecutive years that they participated in the study),
there were a total of 160 sets of school data entered into the models
for the 49 unique schools.

The student descriptive statistics at baseline (ie, for the first
time the students participated and were entered into the models;
Y1 N=7698; YN =9244,Y3 N = 5910, Y4 N = 5078) are presented
in Table 4. At baseline, students reported an average of 7.0 h/day

Grade 9—12 students with valid data on sleep, MVPA, and screen time measures at the 49 Ontario Secondary Schools by year of participation in the COMPASS study.

Y1 (2012/13) Y2 (2013/14) Y3 (2014/15) Y4 (2015/16) Y5 (2016/17)
N = 17,084 N = 28,259 N = 27,215 N = 25,909 N = 21,552
Sleep duration
Non-missing 17,005 28,064 27,007 25,694 21,383
>1h 16,139 26,571 25,533 24,235 20,240
> — 3SDs 15,832 26,061 25,031 23,774 19,834
MVPA
Non-missing 16,594 27,509 26,347 25,094 20,918
Screen time
Non-missing 17,005 28,064 27,007 25,694 21,383
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Table 2
SST changes in publicly-funded Ontario secondary schools that participated in at
least two consecutive years of the COMPASS study [years 1-5 (2012—2017)].

School # SST change (min) Student (N)*
Y2: 2013/14

1 +5(8:10 — 8:15) 212
2 +5 (8:30 — 8:35) 337
Y3: 2014/15

3 ~10(8:30 — 8:20) 205
Y4: 2015/16

4 ~5(8:05 — 8:00) 124
5 +5(8:15 — 8:20) 303
6 ~10(8:40 — 8:30) 229
7 +10(8:50 — 9:00) 90
8 +10 (8:50 — 9:00) 95
9 +10 (8:50 — 9:00) 240
10 +2(9:33 - 9:35) 172
Y5: 2016/17

1 ~5(8:05 — 8:00) 408
7 ~10(9:00 — 8:50) 92
8 ~10 (9:00 — 8:50) 101
9 ~10(9:00 — 8:50) 248

2 Number of students attending the school with data successfully linked for the
year in which the SST change occurred and the year prior.

of sleep, 8.2 h/day of total screen time, and 122.9 min/day of
MVPA.

3.1. Sleep duration

Table 5 reports differences in within-student change in sleep
duration, MVPA, and total screen time from the year prior at schools
when there were SST changes compared to student change at
schools when SST remained consistent. When three schools shifted
from 8:50 AM to 9:00 AM (ie, 10 min delays in the 8:30—8:59 AM
prior year SST range), students slept an additional 23.7 min [95% CI
(12.1, 35.3)] per day on average, when compared to the sleep
duration change reported by their counterparts at schools with
consistent SST. However, when these three schools reverted to their
original start times of 8:50 AM (10-min advances in the 9:00—9:29
AM prior year SST range), the change in student sleep durations
from the year prior resembled the change found among students
attending schools that did not change their SST. In contrast, 10 min

Table 3

SST advances in the two schools with prior year SST in the range of
8:30—8:59 AM (ie, 8:30 AM to 8:20 AM; 8:40 AM to 8:30 AM), were
associated with a steeper decline in sleep duration from the year
prior than reported by their counterparts at schools with consistent
SST. On average, the SST advance of 10 min in the 8:30—8:59 AM
range was associated with a 15.5 min [95% CI (26.9, —4.1)] greater
reduction in sleep compared to the difference expected if the SST
had remained consistent. Sleep duration difference from the year
prior did not differ among students attending the one school that
shifted from 8:30 AM to 8:35 AM (a 5-min delay in the 8:30—8:59
AM range), compared to that reported at schools with consistent
SST. Likewise, 5-min advances (8:05 AM to 8:00 AM; 8:20 AM to
8:15 AM) or delays (8:10 AM to 8:15 AM; 8:15 AM to 8:20 AM) in
the 8:00—8:29 AM range were not associated with different sleep
duration differences compared to consistent SST.

3.2. MVPA

There were conflicting changes in MVPA following changes to
SSTs. In earlier clock time ranges, 5-min SST advances (8:05 AM to
8:00 AM; 8:20 AM to 8:15 AM) were associated with a greater
reduction in MVPA from what would be expected based on schools
that kept consistent SST, resulting in 8 min [8.0, 95% CI
(=15.5, —0.4)] less MVPA on average; whereas, 5-min SST delays
(8:10 AM to 8:15 AM; 8:15 AM to 8:20 AM) were associated with
10.9 min [95% CI (3.0, 18.9)] of additional MVPA. In contrast, at the
one school that delayed SST from 8:30 AM to 8:35 AM (8:30—8:59
AM previous year SST range), the difference in MVPA from the year
prior was associated with 17.6 min [95% CI (—27.0, —8.2)] less MVPA
than reported by students attending schools with consistent SST.
The other SST changes did not result in different one-year within-
student MVPA changes than expected if SST had remained
consistent.

3.3. Total screen time

Differences in total screen time from the year prior did not differ
in students at schools with SST changes, with the exception of one
school that went from 8:30 AM to 8:35 AM (8:30—8:59 AM pre-
vious year SST range). Students attending this school reported a

Publicly-funded Ontario secondary schools by prior year SST and SST change for each set of two consecutive linked years that they participated in the COMPASS study [years

1-5 (2012—-2017)].

Previous year SST range SST change (min) Schools (N)
Year 1 & 2 Year 2 & 3 Year 3 & 4 Year 4 & 5 Total
8:00—8:29 AM -5 0 0 1 1 2
8:05 — 8:00 8:20 — 8:15
8:00—8:29 AM 0 11 22 21 17 71
8:00—8:29 AM +5 1 0 1 0 2
8:10 — 8:15 8:15 — 8:20
8:30—8:59 AM -10 0 1 1 0 2
8:30 — 8:20 8:40 — 8:30
8:30—8:59 AM 0 14 19 14 12 59
8:30—8:59 AM +5 1 0 0 0 1
8:30 — 8:35
8:30—8:59 AM +10 0 0 3 0 3
8:50 — 9:00
9:00—9:29 AM -10 0 0 0 3 3
9:00 — 8:50
9:00—-9:29 AM 0 0 4 4 3 11
9:30—10:00 AM 0 1 2 1 2 6
Total sets of linked school data 28 48 46 38 160
Total sets of linked student data 7698 12,775 11,660 9657 41,790

Note: Schools and students that participated for multiple years can be entered more than once, for each set of two consecutive years they participated in the study.



20 KA. Patte et al. / Sleep Medicine 56 (2019) 16—22

Table 4

Descriptive statistics among students attending publicly-funded Ontario secondary
schools that participated in at least two consecutive years of the COMPASS study
[years 1-5 (2012—2017)].

N = 27,930
Student-level covariates % (N)
Grade at baseline
9 57.9 (16,180)
10 22.5(6291)
11 18.1 (5062)
12 1.4 (397)
Ethnicity
White 73.1 (20,416)
Black 4.2(1182)
Asian 5.6 (1558)
Indigenous 2.4 (674)
Latin American/Hispanic 1.9 (532)
Other/Mixed 12.8 (3568)
Weekly spending money
0 20.3 (5665)
$1-%40 36.8 (10,273)
$40—-$100 22.2 (6203)
$100+ 7.2 (2000)
Don't know/Missing 13.6 (3789)
School-level covariates % (N)
SST at baseline
8:00—8:29 AM 49.4 (13,808)
8:30—8:59 AM 37.9(10,597)
9:00—9:29 AM 9.2 (2559)
9:30—10:00 AM 3.5 (966)
School area mean income
$25,000—50,000 7.7 (2155)
$50,000—75,000 51.1 (14,259)
$75,000—100,000 29.4 (8220)
$100,000+ 11.8 (3296)
School area urbanicity
Large urban 56.9 (15,887)
Medium urban 16.4 (4567)
Small/Rural 26.8 (7476)
Geographical location
Eastern Ontario 36.2 (10,100)
Greater Toronto Area 11.6 (3233)
Northern Ontario 22.5(6291)
Southwestern Ontario 29.7 (8306)
Movement behaviours (min per day) Mean (SD)
Sleep duration 418.1 (134.4)
MVPA 122.9 (84.2)
Screen time 490.0 (319.61)

steeper decline in total screen time from the year prior, amounting
to 35.1 min [95% CI (—68.1, —2.1)] less screen time, relative to stu-
dents attending schools with consistent SST.

4. Discussion

This study represents the first longitudinal analysis of SST and
youth health behaviours in a large Canadian population sample.
Shifts in SST among schools participating in the COMPASS study
allowed for a natural experiment to assess whether it was associ-
ated with youth sleep duration, physical activity level, and screen
time. In line with past cross-sectional Canadian studies [26,27] and
longitudinal and experimental evidence from other countries
[14—21,37,38], the current findings support delaying SST as ad-
vantageous for youth sleep. Results indicate delays of 10 min from
8:50 AM to 9:00 AM were beneficial and advances from 8:30 AM to
8:20 AM or from 8:40 AM to 8:30 AM were detrimental for student-
reported sleep durations. However, 10-min advances at later clock
times (from 8:50 AM to 9:00 AM) and changes of 5 min had no
effect.

While previous experimental research has focused on longer
delays, this study demonstrated that relatively minor changes
may be beneficial for youth health. Short SST delays are likely
more feasible and palatable to school stakeholders reluctant to
delay SST. Based on the current study, revisions to school sched-
ules are not uncommon within secondary schools, and even 10-
min changes were sufficient to see an influence on sleep dura-
tion. To the authors knowledge, the shortest delay evaluated in a
previous longitudinal study was 25-min, which was associated
with a 29-min increase in school night sleep duration [37]. In a
review of experimental evidence, 25—60 min delays were asso-
ciated with 25—77 added minutes of weeknight sleep in a
dose—response pattern [16]. Other evidence [14] that included
five longitudinal studies with delays of 25—65 min reported a
small-to-medium effect size, but the clock time and delay length
were not significant moderators. Results of the current study
varied by the previous year SST clock time range and duration of
the change. However, it should be noted that the health outcomes
were assessed in 15-min intervals. Therefore, the difference-in-
difference results (ie, ~15—24 min of sleep for a 10-min SST
change) cannot be interpreted as precise estimates of the sleep
gain or loss. Likewise, for this reason, it is plausible that the
smaller SST changes of 5—7 min did not show an effect because the
difference in sleep duration was not sufficient for students to
change their response by a full 15 min.

Youth do not appear to engage in additional screen time when
SST are delayed. Students attending the one school that shifted
from 8:30 AM to 8:35 AM, reported decreased total screen time,
and no effect was found for other SST shifts. Taken together with
the sleep models, results refute notions that the time afforded by
delayed SST will be spent on screens and not to maximize sleep. In
support, previous experimental studies indicate bedtimes remain
consistent with SST delays, countering hypotheses that students
will simply stay awake later [16,22]. Results were less clear
regarding MVPA. For schools with previous year SST in the range of
8:00—8:29 AM, 5-min SST delays were beneficial for MVPA, while
5-min advances were associated with less MVPA. In contrast, 5-
min delays had a detrimental effect on MVPA at the one school
that shifted from 8:30 AM to 8:35 AM. It is plausible that a change
in addition to the SST shift occurred at this school (eg, changes to
intramural scheduling or facility availability) and could account for
the opposing results for both MVPA and screen time. Alternatively,
the impact of SST changes may vary by contextual differences not
accounted for in the models. To the authors' knowledge, no past SST
studies have assessed screen use and few have included physical
activity measures. Two studies using pre-post designs found no
change in sports participation rates [37,39]. Similarly, no athletic
programs were cancelled or adversely affected in US school districts
implementing delayed SST, contrary to concerns over the impact of
later SST on after-school programs and athletic practices and
competitions [23]. In fact, more students participated in athletics,
sports programs grew, and teams reportedly performed better after
SST were delayed [23].

SST in this study ranged from 8:00 AM to 9:35 AM, consistent
with a nationally representative sample [26]. Research evidence of
the benefits of delayed SST was the primary motivator for US
schools that implemented changes [23]; hence, the importance of
this study to inform scheduling decisions in Canadian schools.
Despite recommendations, many schools and boards are hesitant to
institute delayed SST policies due to logistical and financial con-
cerns, such as potential impacts on transportation and after-school
activities (eg, sports practices and competitions, extracurricular
programs) [22,23]. However, contrary to expectations, some
schools report savings on busing costs and greater extracurricular
participation [22,23,40,41]. Also, at the population level, benefit-
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Table 5

Difference in sleep duration, moderate-to-vigorous physical activity (MVPA), and screen time from the year prior among students attending schools when school start time
(SST) changes were made in comparison to students attending schools with consistent SSTs.

Previous year SST range SST change (min) Difference-in-difference (min) 95% CI

Sleep duration (min/day)

8:00—8:29 -5 -1.96 -12.50 8.58
8:00—8:29 +5 1.17 -9.62 11.96
8:30—8:59 -10 -15.49 —-26.93 —4.05
8:30—8:59 +5 3.26 -9.62 16.14
8:30—8:59 +10 23.65 12.05 35.25
9:00-9:29 -10 6.56 —6.16 19.28
MVPA (min/day)

8:00—8:29 -5 —7.96 —-15.54 —0.37
8:00—8:29 +5 10.92 297 18.87
8:30—8:59 -10 343 -4.94 11.80
8:30—8:59 +5 -17.55 —26.95 —8.15
8:30-8:59 +10 4.68 -3.79 13.15
9:00-9:29 -10 -0.09 -9.38 9.20
Screen time (min/day)

8:00—8:29 -5 -19.10 —45.81 7.61
8:00—8:29 +5 16.45 -11.26 4417
8:30—8:59 -10 2224 —6.88 51.35
8:30—8:59 +5 —35.08 —68.09 —2.08
8:30—-8:59 +10 12.88 -16.56 4231
9:00—9:29 -10 -25.10 -57.31 7.10

Models adjusted for student- (grade, sex, ethnicity, weekly spending money) and school-level (school area median income, geographical area, urbanicity) covariates. Bolded

rows indicate significant difference-in-difference results.

cost projections estimate delayed SST policies have potential for
significant economic gains [42].

Key strengths of this study include the large sample, longitu-
dinal data, and quasi-experimental design. No previous Canadian
longitudinal studies on SST have been conducted, and among the
handful done in other countries, over half lacked comparison
groups. However, the current study is not without limitations. SST
changes were not randomized to schools. School and boards are
often unable or unwilling to allow researchers necessary control
over scheduling and data collection, and even so, overly controlled
studies often fail to speak to “real-world” implementation [15].
Quasi-experimental designs offer a robust method for examining
the impact of an intervention (in this case the intervention is a
natural experiment not implemented by researchers) when
randomization is not feasible [43]. Models were limited to the
SST changes occurring within the COMPASS study, and therefore,
5- and 10-min delays or advances were not available in all previous
year SST ranges. Further research is also needed to confirm
whether health behaviour changes found over one year are
maintained.

The primary limitation of this study pertains to the use of self-
report measures, which are subject to recall and social desir-
ability biases. Self-reported measures tend to overestimate sleep
duration when compared with objective methods [44], although
they have been validated for studying group differences in large
youth samples [45,46]. As the sleep measures assess average daily
duration without differentiation between school days and week-
ends, the impact of SST changes on school night sleep may be
underestimated. Students typically sleep less on school days and
“catch up” on lost sleep over the weekend [7]. As discussed above,
the estimated minutes of sleep, MVPA, and screen time difference-
in-differences need to be interpreted with caution considering
student health behaviours were reported in 15-min intervals.
Finally, future SST studies should assess additional indicators of
sleep (eg, bed and waketimes, sleep quality, sleep onset latency,
sleepiness during the day), physical activity (eg, sports participa-
tion, active travel), and screen use (eg, timing [before bedtime]), as
well as other health behaviours and outcomes (eg, academic
achievement, mental health, substance use, bullying, accidents/
injuries) over time.

5. Conclusion

Overall, this study lends support to delayed SST as an effective
intervention to help ameliorate the widespread sleep deprivation
among adolescents and suggests caution when making schedule
advances. SST delays of 10-min were associated with longer sleep
durations, without having any apparent adverse impacts on screen
time or physical activity levels. The remarkable sensitivity of the
youth sleep durations to relatively minor SST delays underscores
the critical importance of SST to student health.

Funding

The COMPASS study (2012—2015) was supported by a bridge
grant from the CIHR Institute of Nutrition, Metabolism and Diabetes
(INMD) through the “Obesity — Interventions to Prevent or Treat”
priority funding awards (OOP-110788; grant awarded to SL) and an
operating grant from the CIHR Institute of Population and Public
Health (IPPH) (MOP-114875; grant awarded to SL). The COMPASS
study extension (2016—2021) was supported by a CIHR Project
Grant (PJT-148562; grant awarded to SL). Drs. Leatherdale and
Faulkner are both CIHR-Public Health Agency of Canada (PHAC)
Chairs in Applied Health Research. Dr. Carson is supported by a
CIHR New Investigator Salary Award. Mr. Cole is supported by a
CIHR Doctoral Research Award.

Acknowledgements

The authors would like to thank the schools, school boards, and
students that have participated in the COMPASS study, and all
COMPASS team members, including Project Manager, Chad Bredin,
and Data Manager, Katelyn Battista.

Conflict of interest

None to report.

The ICMJE Uniform Disclosure Form for Potential Conflicts of
Interest associated with this article can be viewed by clicking on the
following link: https://doi.org/10.1016/j.sleep.2018.09.020.


https://doi.org/10.1016/j.sleep.2018.09.020

22

K.A. Patte et al. / Sleep Medicine 56 (2019) 16—22

References

[1]

[2

3

[4

[5

[6

17

[8

[9

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Anderson B, Storfer-Isser A, Taylor HG, et al. Associations of executive function
with sleepiness and sleep duration in adolescents. Pediatrics 2009;123(4):
e701—7. https://doi.org/10.1542/peds.2008-1182.

Chaput J-P, Gray CE, Poitras V], et al. Systematic review of the relationships
between sleep duration and health indicators in school-aged children and
youth. Appl Physiol Nutr Metab 2016;41(6 Suppl. 3):5266—82. https://doi.org/
10.1139/apnm-2015-0627.

Gibson ES, Powles ACP, Thabane L, et al. “Sleepiness” is serious in adolescence:
two surveys of 3235 Canadian students. BMC Public Health 2006;6:116.
Khan MKA, Chug YL, Kirk SFL, et al. Are sleep duration and sleep quality
associated with diet quality, physical activity, and body weight status? A
population-based study of Canadian children. Can ] Public Health
2015;106(5):e277—-82.

Shochat T, Cohen-Zion M, Tzischinsky O. Functional consequences of inade-
quate sleep in adolescents: a systematic review. Sleep Med Rev 2014;18(1):
75—87.

Tremblay MS, Carson V, Chaput J-P, et al. Canadian 24-hour movement
guidelines for children and youth: an integration of physical activity, seden-
tary behaviour, and sleep. Appl Physiol Nutr Metab 2016;41(6 Suppl. 3):
S$311-27. https://doi.org/10.1139/apnm-2016-0151.

Chaput J-P, Janssen I. Sleep duration estimates of Canadian children and ad-
olescents. ] Sleep Res 2016;25(5):541—-8.

Gradisar M, Gardner G, Dohnt H. Recent worldwide sleep patterns and
problems during adolescence: a review and meta-analysis of age, region, and
sleep. Sleep Med 2011;12(2):110-8.

Patte KA, Qian W, Leatherdale ST. Sleep duration trends and trajectories
among youth in the COMPASS study. Sleep Health 2017;3(5):309—16. https://
doi.org/10.1016/j.s1eh.2017.06.006. Available online: July 12, 2017.

Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and delayed
phase in adolescence. Sleep Med 2007;8:602e12.

Roenneberg T, Kuehnle T, Pramstaller PP, et al. A marker for the end of
adolescence. Curr Biol 2004;14(24):R1038-9.

American Academy of Pediatrics Adolescent Sleep Working Group. School
start times for adolescents. Pediatrics 2014;134(3):642—9. https://doi.org/
10.1542/peds.2014-1697.

Watson NF, Martin JL, Wise MS, et al. Delaying middle school and high
school start times promotes student health and performance: an American
Academy of Sleep Medicine position statement. J Clin Sleep Med 2017;13(4):
623-5.

Bowers JM, Moyer A. Effects of school start time on students' sleep durations,
daytime sleepiness, and attendance: a meta-analysis. Sleep Health 2017;3(6):
423-31.

Marx R, Tanner-Smith EE, Davison CM, et al. Later school start times for
supporting the education, health, and well-being of high school students.
Cochrane Database Syst Rev 2017. The Cochrane Library.

Minges KE, Redeker NS. Delayed school start times and adolescent sleep: a
systematic review of the experimental evidence. Sleep Med Rev 2016;28:
86—95. https://doi.org/10.1016/j.smrv.2015.06.002.

Louzada FM, Pereira SIR. Adolescents' sleep/wake patterns and school
schedules: towards flexibility. Biol Rhythm Res 2018. https://doi.org/10.1080/
09291016.2018.1491263 [Published online 28 June 2018].

Wahlstrom K. Changing times: findings from the first longitudinal study of
later high school start times. NASSP Bulletin 2002;86:3. https://doi.org/
10.1177/019263650208663302.

Wahlstrom K, Dretzke B, Gordon M, et al. Examining the impact of later school
start times on the health and academic performance of high school students: a
multi-site study. Center for Applied Research and Educational Improvement.
St Paul, MN: University of Minnesota; 2014. http://conservancy.umn.edu/
handle/11299/162769.

Carrell SE, Maghakian T, West JE. A's from Zzzz's? The causal effect of school
start time on the academic achievement of adolescents. Am Econ ] Econ Policy
2011;3(3):62—81. https://doi.org/10.1257/pol.3.3.62.

Edwards F. Early to rise? The effect of daily start times on academic perfor-
mance. Econ Educ Rev 2012;31(6):970—83.

Kirby M, Maggi S, D'Angiulli A. School start times and the sleep-wake cycle of
adolescents: a review and critical evaluation of available evidence. Educ Res
2011;40(2):56—61.

Owens ], Drobnich D, Baylor A, et al. School start time change: an in-depth
examination of school districts in the United States. Mind Brain Educ
2014;8:182—213. https://doi.org/10.1111/mbe.12059.

Chahal H, Fung C, Kuhle S, et al. Availability and night-time use of electronic
entertainment and communication devices are associated with short sleep

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]
[40]

[41]

[42]

[43]

[44

[45]

[46]

duration and obesity among Canadian children. Pediatr Obes 2013;8(1):
42-51.

Dube N, Khan Loehr S, Chu Y, et al. The use of entertainment and commu-
nication technologies before sleep could affect sleep and weight status: a
population-based study among children. Int ] Behav Nutr Phys Act 2017;14:
97.

Gariépy G, Janssen I, Sentenac M, et al. School start time and sleep in Canadian
adolescents. ] Sleep Res 2017;26(2):195—201. https://doi.org/10.1111/
jsr.12475.

Patte KA, Cole AG, Qian W, et al. Youth sleep durations and school start times:
a cross-sectional analysis of the COMPASS study. Sleep Health 2017;3(6):
432—6.

Martin JS, Gaudreault MM, Perron M, et al. Chronotype, light exposure, sleep,
and daytime functioning in high school students attending morning or af-
ternoon school shifts: an actigraphic study. J Biol Rhythms 2016;31(2):
205—-17.

Gordon Andrea. Plan to change school start times in Durham has parents
scrambling | Toronto Star. thestar.com. https://www.thestar.com/yourtoronto/
education/2017/03/10/plan-to-change-school-start-times-in-durham-
hasparents- scrambling.html [accessed 19.05.17]. [Published March 10, 2017].
McQuigge Michelle. Canadian high schools resisting calls for later class start
times. Globe and Mail; 2017. https://www.theglobeandmail.com/life/parenting/
back-to-school/canadian-high-schools-resisting-calls-for-later-class-start-times/
article36016933/ [accessed 06.07.18]. [Published August 17, 2017].

McQuigge Michelle. Canadian schools reluctant to embrace later bell times
despite mounting research. CBC News; 2017. https://www.cbc.ca/news/
canada/thunder-bay/late-school-start-times-1.4251269 [accessed 06.07.18].
[Published August 17, 2017].

Leatherdale ST, Brown KS, Carson V, et al. The COMPASS study: a longitudinal
hierarchical research platform for evaluating natural experiments related to
changes in school-level programs, policies and built environment resources.
BMC Public Health 2014;14(1):331. https://doi.org/10.1186/1471-2458-14-
331.

Qian W, Battista K, Bredin C, et al. Assessing longitudinal data linkage results
in the COMPASS study: technical Report Series, vol. 3 (4). Waterloo, Ontario:
University of Waterloo; 2015. Available at: https://uwaterloo.ca/compass-
system/publications#technical.

Wong S, Leatherdale ST, Manske S. Reliability and validity of a school-based
physical activity questionnaire. Med Sci Sports Exerc 2006;38:1593—600.
Leatherdale ST, Laxer RE, Faulkner G. Reliability and validity of the physical
activity and sedentary behaviour measures in the COMPASS study. COMPASS
technical report series, vol. 2 (1). Waterloo, Ontario: University of Waterloo;
2014. Available at: www.compass.uwaterloo.ca.

Government of Canada SC. Archived—from urban areas to population centres.
http://www.statcan.gc.ca/eng/subjects/standard/sgc/notice/sgc-06 [accessed
19.05.17]. [Published February 7, 2011].

Boergers ], Gable CJ, Owens JA. Later school start time is associated with
improved sleep and daytime functioning in adolescents. ] Dev Behav Pediatr
2014;35:11-7.

Owens JA, Dearth-Wesley T, Herman AN, et al. A quasi-experimental study of
the impact of school start time changes on adolescent sleep. Sleep Health
2017;3:437—-43.

Danner F, Phillips B. Adolescent sleep, school start times, and teen motor
vehicle crashes. ] Clin Sleep Med 2008;4:533—5.

Start school later. Success stories. 2014. http://www.startschoollater.net/
success-stories.html [accessed 06.07.18].

Center for Applied Research and Educational Improvement. School start time
study. Final report summary. 1998. http://www.cehd.umn.edu/carei/Reports/
summary.html [accessed 06.07.18].

Hafner M, Stepanek M, Troxel WM. The economic implications of later school
start times in the United States. Sleep Health 2017;3:451-7.

Leatherdale ST. Natural experiment methodology for research: a review of
how different methods can support real-world research. Int ] Soc Res Meth-
odol. https://doi.org/10.1080/13645579.2018.1488449 [Published online 02
Jul 2018].

Girschik J, Fritschi L, Heyworth ], et al. Validation of self-reported sleep
against actigraphy. ] Epidemiol 2012;22(5):462—8. https://doi.org/10.2188/
jeaJE20120012.

Tremaine RB, Dorrian J, Blunden S. Measuring sleep habits using the sleep
timing questionnaire: a validation study for school-age children. Sleep
Biol Rhythms 2010;8(3):194—202. https://doi.org/10.1111/j.1479-8425.2010.
00446.x.

Wolfson AR, Carskadon MA, Acebo C, et al. Evidence for the validity of a sleep
habits survey for adolescents. Sleep 2003;26(2):213—7.


https://doi.org/10.1542/peds.2008-1182
https://doi.org/10.1139/apnm-2015-0627
https://doi.org/10.1139/apnm-2015-0627
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref3
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref3
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref4
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref4
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref4
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref4
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref4
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref5
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref5
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref5
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref5
https://doi.org/10.1139/apnm-2016-0151
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref7
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref7
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref7
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref8
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref8
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref8
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref8
https://doi.org/10.1016/j.sleh.2017.06.006
https://doi.org/10.1016/j.sleh.2017.06.006
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref10
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref10
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref11
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref11
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref11
https://doi.org/10.1542/peds.2014-1697
https://doi.org/10.1542/peds.2014-1697
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref13
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref13
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref13
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref13
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref13
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref14
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref14
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref14
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref14
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref15
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref15
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref15
https://doi.org/10.1016/j.smrv.2015.06.002
https://doi.org/10.1080/09291016.2018.1491263
https://doi.org/10.1080/09291016.2018.1491263
https://doi.org/10.1177/019263650208663302
https://doi.org/10.1177/019263650208663302
http://conservancy.umn.edu/handle/11299/162769
http://conservancy.umn.edu/handle/11299/162769
https://doi.org/10.1257/pol.3.3.62
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref21
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref21
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref21
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref22
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref22
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref22
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref22
https://doi.org/10.1111/mbe.12059
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref24
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref24
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref24
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref24
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref24
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref25
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref25
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref25
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref25
https://doi.org/10.1111/jsr.12475
https://doi.org/10.1111/jsr.12475
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref27
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref27
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref27
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref27
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref28
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref28
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref28
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref28
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref28
https://www.thestar.com/yourtoronto/%20education/2017/03/10/plan-to-change-school-start-times-in-durham-hasparents-%20scrambling.html
https://www.thestar.com/yourtoronto/%20education/2017/03/10/plan-to-change-school-start-times-in-durham-hasparents-%20scrambling.html
https://www.thestar.com/yourtoronto/%20education/2017/03/10/plan-to-change-school-start-times-in-durham-hasparents-%20scrambling.html
https://www.theglobeandmail.com/life/parenting/back-to-school/canadian-high-schools-resisting-calls-for-later-class-start-times/article36016933/
https://www.theglobeandmail.com/life/parenting/back-to-school/canadian-high-schools-resisting-calls-for-later-class-start-times/article36016933/
https://www.theglobeandmail.com/life/parenting/back-to-school/canadian-high-schools-resisting-calls-for-later-class-start-times/article36016933/
https://www.cbc.ca/news/canada/thunder-bay/late-school-start-times-1.4251269
https://www.cbc.ca/news/canada/thunder-bay/late-school-start-times-1.4251269
https://doi.org/10.1186/1471-2458-14-331
https://doi.org/10.1186/1471-2458-14-331
https://uwaterloo.ca/compass-system/publications#technical
https://uwaterloo.ca/compass-system/publications#technical
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref34
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref34
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref34
http://www.compass.uwaterloo.ca
http://www.statcan.gc.ca/eng/subjects/standard/sgc/notice/sgc-06
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref37
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref37
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref37
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref37
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref38
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref38
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref38
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref38
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref39
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref39
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref39
http://www.startschoollater.net/success-stories.html
http://www.startschoollater.net/success-stories.html
http://www.cehd.umn.edu/carei/Reports/summary.html
http://www.cehd.umn.edu/carei/Reports/summary.html
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref42
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref42
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref42
https://doi.org/10.1080/13645579.2018.1488449
https://doi.org/10.2188/jea.JE20120012
https://doi.org/10.2188/jea.JE20120012
https://doi.org/10.1111/j.1479-8425.2010.00446.x
https://doi.org/10.1111/j.1479-8425.2010.00446.x
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref46
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref46
http://refhub.elsevier.com/S1389-9457(18)30793-7/sref46

	School start time changes in the COMPASS study: associations with youth sleep duration, physical activity, and screen time
	1. Introduction
	2. Methods
	2.1. Design
	2.2. Data collection tool
	2.3. Measures
	2.3.1. Student-level measures
	2.3.2. School-level measures

	2.4. Participants
	2.5. Statistical analysis

	3. Results
	3.1. Sleep duration
	3.2. MVPA
	3.3. Total screen time

	4. Discussion
	5. Conclusion
	Funding
	Acknowledgements
	Conflict of interest
	References


