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ABSTRACT

Background During adolescence, sleep and circadian
timing shift later, contributing to restricted sleep duration
and irregular sleep-wake patterns. The association of
these developmental changes in sleep and circadian
timing with cognitive functioning, and consequently
academic outcomes, has not been examined prospectively.
The role of ambient light exposure in these developmental
changes is also not well understood. Here, we describe the
protocol for the Circadian Light in Adolescence, Sleep and
School (CLASS) Study that will use a longitudinal design to
examine the associations of sleep-wake timing, circadian
timing and light exposure with academic performance
and sleepiness during a critical stage of development. We
also describe protocol adaptations to enable remote data
collection when required during the COVID-19 pandemic.
Methods Approximately 220 healthy adolescents aged
12—13 years (school Year 7) will be recruited from the
general community in Melbourne, Australia. Participants
will be monitored at five 6 monthly time points over 2
years. Sleep and light exposure will be assessed for 2
weeks during the school term, every 6 months, along

with self-report questionnaires of daytime sleepiness.
Circadian phase will be measured via dim light melatonin
onset once each year. Academic performance will be
measured via national standardised testing (National
Assessment Program-Literacy and Numeracy) and the
Wechsler Individual Achievement Test—Australian and
New Zealand Standardised Third Edition in school Years

7 and 9. Secondary outcomes, including symptoms of
depression, anxiety and sleep disorders, will be measured
via questionnaires.

Discussion The CLASS Study will enable a
comprehensive longitudinal assessment of changes in
sleep-wake timing, circadian phase, light exposure and
academic performance across a key developmental

stage in adolescence. Findings may inform policies

and intervention strategies for secondary school-aged
adolescents.

Ethics and dissemination Ethical approval was obtained
by the Monash University Human Research Ethics

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study will use a longitudinal design to compre-
hensively and prospectively examine the relative
contributions of multiple sleep and circadian fac-
tors to academic performance and sleepiness, for
2 years during adolescence (age 12-13 to 14-15
years).

= A multi-method approach will be used, including ob-
jective measurement of sleep timing via wrist actig-
raphy, gold-standard circadian phase assessments
via salivary dim light melatonin onset, and assess-
ment of light exposure using a sensor validated for
measurement of melanopic illuminance.

= Results from this study may inform future devel-
opment of practical tools to minimise sleep-wake
disturbances in healthy adolescents, such as sleep-
wake and light monitoring systems.

= This is a naturalistic observational study; although
key confounders are measured (e.g., pubertal sta-
tus, academic motivation), they are not exhaustive.

= Protocol amendments have been made to enable
entirely remote data collection where required
during the COVID-19 pandemic.

Committee and the Victorian Department of Education.
Dissemination plans include scientific publications,
scientific conferences, via stakeholders including schools
and media.

Study dates Recruitment occurred between October
2019 and September 2021, data collection from 2019 to
2023.

INTRODUCTION

Adolescents  worldwide get insufficient
sleep, particularly on school nights."” Sleep
of adequate duration and quality, and at
appropriate circadian times, is crucial for
physical and mental health and learning.*™®
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Experimental and cross-sectional studies show that insuf-
ficient and mistimed sleep is associated with reduced
cognitive function,” negative mood and poor mental
health in adolescents.'’ " Adolescence is a critical phase
for the development of core cognitive skills, making the
high prevalence of insufficient and mistimed sleep a key
health concern. How developmental changes in sleep and
circadian timing are related to cognitive function and
academic achievement is not currently well understood.

A key feature of sleep through adolescence is a
progressive delay in bed and wake times,'* which is most
pronounced on weekends and during vacation, when
sleep schedules are less prescribed.” Sleep before non-
school days is often 2 or more hours later than on school
nights,' with longer total sleep time.'* The delay in sleep
timing during adolescence is caused by progressive
delays in circadian timing and a slowing in the build-up
of homeostatic sleep pressure.'”” These developmental
processes interact with early school start times, leading to
these large differences in sleep-wake timing as adolescents
alternate between school and non-school days.' '* ¢ 17
Delay in sleep and circadian timing begins in early to mid-
adolescence, with greatest discordance between sleep on
weekdays and weekends recorded in mid-adolescence.'® !’

Among adolescents, developmental changes in
circadian and sleep characteristics are associated with
increased daytime sleepiness (reported by nearly 50% of
adolescents aged ~14 years), as well as reduced alertness
and sustained attention.'® Short sleep, poor quality sleep
and irregular sleep-wake patterns typical of adolescents
during school term are also associated with daytime sleep-
iness,'” * impairments in cognitive functioning®' * and
poorer academic performance.” ** A systematic review
and meta-analysis showed that shorter sleep duration,
poorer sleep quality, and greater sleepiness are each asso-
ciated with poorer school performance, with sleepiness
showing the strongest effect size among the three.” Most
prior studies have been cross-sectional and measured
sleep and/or academic performance subjectively. Longi-
tudinal studies with objective measures are needed to
quantify developmental changes in sleep and circadian
timing, and to examine their prospective associations
with adolescents’ cognitive functions and academic
performance.

Light is the strongest time cue that resets the human
circadian clock,” which is especially sensitive to short
wavelength (blue) light.”® Light exposure during the
evening and early night, even at levels typically experi-
enced in indoor settings, delays the circadian clock?’ %
and suppresses the synthesis of melatonin.” * Light is
also a stimulant, increasing alertness directly,” ™ with
responses persisting for several hours after lights are
turned off, leading to longer sleep latencies and reduced
slow-wave sleep.”* * These effects may be particularly
pronounced during adolescence, as circadian sensitivity
(measured via melatonin suppression) to evening light
exposure is increased during early-mid puberty compared
with late puberty.*®

Widespread use of technology and increased expo-
sure to blue-enriched light at night may exacerbate the
tendency to delay circadian timing and delay bedtime in
adolescents.” Use of electronic devices (including those
that emit bright and blue-enriched light and are held
close to the eyes) is widespread among adolescents: (i)
82% of children in Australia aged 12-13 years regularly
using a smartphone in 2020 and (i) 71.5% of adoles-
cents reported using at least one light-emitting electronic
device in the hour before bed, which is associated with
insufficient sleep duration on school nights.” Detailed
longitudinal assessments of light exposure during adoles-
cence and the relationship with sleep and circadian
timing, have not yet been conducted.

Current study

Although many studies have examined sleep-wake timing

among adolescents of different ages, there are few longi-

tudinal studies, and none examining the effects of objec-
tively measured sleep and circadian timing on academic
outcomes. This prospective, longitudinal study aims to
comprehensively examine the relationships among sleep
and circadian timing, cognitive, academic, and sleepiness
outcomes, while accounting for pubertal status, envi-

ronmental light exposure, and social constraints (e.g.,

school start times, extracurricular activities). Specifically,

the primary aims of the Circadian Light in Adolescence,

Sleep and School (CLASS) study are as follows:

1. To quantify longitudinal changes in sleep metrics (e.g.,
timing, duration, quality and/or regularity), circadian
timing (measured by salivary dim light melatonin on-
set (DLMO)), and circadian timing of sleep (i.e., time
between DLMO and sleep on/offset times) in adoles-
cence using both objective and self-report measure-
ments and to explore predictors of trajectories of these
metrics;

2. To quantify how sleep metrics and circadian timing are
predicted by environmental light exposure patterns us-
ing an established biomathematical model of the hu-
man circadian system®” *;

3. To quantify how changes in subjective sleepiness over
time are predicted by changes in sleep metrics, circadi-
an timing, and circadian timing of sleep; and

4. To quantify how indicators of academic performance
over time are predicted by sleep metrics, circadian
timing, and circadian timing of sleep, with subjective
sleepiness acting as a mediator of these effects.

In secondary analyses, we will examine (i) longitudinal
relationships between sleep metrics and circadian timing,
light exposure and mood; and (ii) interrelationships
between social and behavioural factors and sleep-wake
outcomes.

METHODS

Design

The study will use a prospective, longitudinal measure-
ment burst design, with five waves of data collection
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at 6-month intervals (T0 baseline; T1 6 months; T2 12
months; T3 18 months; T4 24 months), where partici-
pants are aged ~12-13 years at TO and ~14-15 years at
T4. The longitudinal design will enable examination of
potential causal mechanisms associated with sleep, circa-
dian timing (melatonin rhythm), light exposure, and
academic performance, which is not possible with cross-
sectional designs. The baseline participant age of ~12
years was selected as an age prior to the expected onset
of adolescent sleep and circadian changes,'® thus maxi-
mising the opportunity to study the development and
temporal associations of sleep, circadian timing, light
exposure and academic performance.

Data will be collected during school term, at least 1-2
weeks after the end of vacations to control for transition
effects. During each wave, participants will complete 2
weeks of daily athome sleep and light monitoring, and
psychosocial assessments. Two weeks was selected to
enable reliable calculation of the Sleep Regularity Index
(SRI)*', and to capture 4 weekend days to allow mean-
ingful weekday vs weekend (i.e., school vs non-school)
comparisons.

Participants and recruitment

Participants will be 220 Year 7 students (approximately
equal numbers of males and females) meeting the
following inclusion criteria: aged 12—-13 years at study entry,
attending secondary school in Melbourne, VIC, Australia.
Participants will be required to have daily access to a smart-
phone to complete daily surveys, and be intending to sit the
National Assessment Program-Literacy and Numeracy test
(NAPLAN) in Year 7 and Year 9. Exclusion criteria include
current parent reported diagnosis by a medical profes-
sional of (i) a sleep disorder other than Delayed Sleep
Wake Phase Disorder (DSWPD) or insomnia, (ii) severe
psychiatric (depressive, bipolar, schizophrenia/psychotic,
substance related, obsessive—compulsive, feeding and
eating, and trauma-related and stressor-related disorders)
or (ili) neurodevelopmental disorders (autism spectrum
disorder, attention-deficit/hyperactivity disorder, intellec-
tual disabilities or cognitive disorders such as traumatic
brain injury). These exclusion criteria were selected due to
the potential to confound our primary outcome measures
of sleep, circadian timing and academic performance.

Recruitment strategy

Participants will be recruited via advertisements online,
in local community spaces in the Melbourne area, and via
local secondary schools. Recruitment will target a sample
representative of the population on gender, ethnicity,
school type and socioeconomic status from the schools in
the Melbourne/Monash school catchment area. Demo-
graphics and socioeconomic status will be collected to
examine how final sample characteristics compare with
those Australia-wide.

Sample maintenance/retention
To reduce missing data, efforts will be made to maintain
regular contact with participants, including a birthday

card and movie voucher each year, as well as annual
holiday greeting cards and newsletters. Every 6 months,
parents will be asked to update contact details, school
attendance and medical information about the partici-
pating adolescents. Participants and their parents will be
reimbursed up to a total of $280 for their time and effort
throughout the study. Reimbursements will be made peri-
odically based on task completion, including bonuses
when completing all tasks, in an effort to improve reten-
tion. Given the longitudinal nature of the study, the
monetary value may change if additional measures are
added in the future.

Estimation of statistical power

No previous studies have included longitudinal sleep and
circadian assessments with standardised academic tests
in adolescents. Cross-sectional literature for individual
constructs shows generally small to moderate effects.
Given that very small effects are not of substantial prac-
tical significance, power analyses were designed to detect
standardised regression coefficients of 0.25-0.35. Based
on 1000 Monte Carlo simulations conducted in MPlus,
and assuming a 10% drop-out rate,* the proposed sample
size of approximately 220 will provide >80% power for
direct and mediated effects in Aims 2-3.

Patient and public involvement

A patient and public involvement (PPI) group of relevant
stakeholders (e.g., parents, teachers) will be established
to meet regularly with the research team. The PPI group
will advise on recruitment and research procedures, inter-
pretation of study results and dissemination, and discus-
sion of future interventions.

Procedures
Figure 1 summarises the timing of study procedures.

Screening and consent

Potential participants will be sent a medical screening
survey to assess eligibility, completed by the parent.
Eligible participants will be sent detailed study informa-
tion and an explanatory video. A telephone call will then
be scheduled to confirm eligibility and answer questions
prior to the participant and their parent both providing
written informed assent and consent.

Contact and timing of assessments

Prior to each wave, the parent will complete a medical
update questionnaire, covering any new medical diag-
noses, medications, changes in contact details or school,
or recent travel across time-zones. Travel across time-
zones within the last month will result in rescheduling
data collection until at least 1 month after the participant
has returned to Melbourne, Australia local time (Austra-
lian Eastern Time). Medications that may influence sleep
or melatonin production/synthesis (e.g., beta-blockers or
SSRIs) will be recorded and accounted for during analysis.
New medical diagnoses, including psychiatric diagnoses,
will not be considered exclusionary, unless they prevent
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Figure 1

Protocol flow chart for the Circadian Light in Adolescence, Sleep and School (CLASS) Study. Data are collected

in five waves, each approximately 6 months apart, starting when the participant is in Year 7 (age 12-13 years). Academic
assessments and sleep interviews occur within +2 weeks of the Dim Light Melatonin Onset (DLMO) assessment.

the participant from comfortably and safely completing
the study measures.

Six-monthly assessments
During each wave of data collection (T0, T1, T2, T3,
T4; 6-month intervalsz2 months), participants will
complete 2 weeks of at-home sleep and light moni-
toring (see figure 1). To measure sleep, participants
will wear a wrist-worn actigraphy device (GENEActiv
Original, Activinsights, UK). To measure daily light
exposure, participants will wear a light pendant
(ActTrust, model code ATO0503LF, Condor Instru-
ments, Brazil). Daily surveys will be administered via a
mobile phone app (Metricwire) installed on the partic-
ipant’s phone. Surveys will be available at fixed times,
and include a sleep and screen use diary asking about
sleep the night before (open between 6:00 and 23:59),
a morning sleepiness survey (open between 6:00 and
11:00), and an afternoon affect and sleepiness survey
(open between 15:00 and 19:00). During the 2-week
monitoring, participants will also complete a series of
online questionnaires (see table 1), administered via
REDCap (Research Electronic Data Capture43 .
Videos with demonstrations of study procedures will be
sent to participants at each wave to aid adherence. Email
reminders will be used to encourage survey completion,
and push notifications and text message reminders will
be generated by Metricwire each day to improve compli-
ance with daily measures. The research team will monitor
survey completion and follow-up with any participants
who may need assistance.

Yearly assessments

At annual data collection waves (T0, T2, T4; 12-month
intervals=2 months), participants will complete a circa-
dian phase assessment on the final Friday of the at-home
monitoring. Participants will conduct this either at the
Turner Institute for Brain and Mental Health (Monash
University), or in their home when required during the
COVID-19 pandemic. In both locations, saliva samples
will be collected hourly, from 4 hours before (to minimise

impact on school attendance), until 2 hours after average
sleep onset of the prior week, calculated using self-
reported sleep timing measured during the at-home
monitoring. The earliest arrival time will be set to 16:00
h, to allow sufficient travel time from school. Participants
will be asked to refrain from eating foods high in trypto-
phan or eating or drinking caffeine in the 24 hours prior
to the assessment. Participants will remain seated, with no
food or drink intake for at least 20 minutes before each
sample.

Laboratory-based collections will take place in a
light-controlled auditorium with no windows, where
the only light source is a projector screen on 50%
brightness, with a blue light filter (f.lux, 1900K setting;
https://justgetflux.com). Light intensity at eye level
of the participants will be confirmed to be <3 lux,
using a light metre (J17 Luma Colour, Oregon), with
spectral characteristics recorded using an MK350N
spectrometer (UPRTek, Zhunan, Taiwan). Partic-
ipants will be provided with light-filtered goggles
(209 Neutral Density Filter, LEE, Hampshire, UK;
measured incoming light <1 lux in room lighting of
500 lux) when going to the bathroom. Samples will be
stored at —20°C prior to assay. These assessments will
be conducted in groups of up to 30 participants, based
on procedures previously tested in young adults.*

For in-home collection, a saliva sampling kit will
be posted to participants, along with plastic welder’s
goggles and a small handheld torch, both fit with
neutral density filters described above (see online
supplemental figure S1). Participants will be asked to
prepare a room in their home that can remain dark
(goal <3 lux) throughout the assessment. During the
assessment, participants will be monitored via group
video conferencing, with research team members
present to ensure compliance, monitor light levels
(confirmed retrospectively using the light pendant
data), and to provide guidance throughout the collec-
tions. Based on our internal testing, we found that
electronic devices (phone, laptop) must be at least
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Table 1 Measures and the time(s) of collection planned for the CLASS Study
Primary/ TO T1 T2 T3 T4
Secondary
Outcome Measures Frequency 0 mths 6 mths 12 mths 18 mths 24 mths
Primary National Assessment Program Literacy and Numeracy ~
(NAPLAN) Two-yearly 4 v
WIAT-III A&NZ subtests: numerical operations & reading Year 7 & Year 9 v v
comprehension
Dim light melatonin onset (DLMO) Annual v v v
Objective Sleep Timing, Duration, and Regularity - Wrist v v v v v
accelerometer (GENEActiv Original) and Sleep Diary (daily)
Epworth Sleepiness Scale for Children and Adolescents o
(ESS-CHAD) 6-Monthly v v v v v
Light exposure (ActTrust device with specialized filter, worn
around the neck) 4 4 4 4 v
Covariate Pubertal Development Scale v v v v v
Test Anxiety Inventory v v v (4 4
6-Monthly
Academic Motivation Scale v v v v v
Strengths and Difficulties Questionnaire v v v v v
Structured Clinical Interview for Sleep Disorders (SCISD) Two-yearly v v
Secondary Karolinska Sleepiness Scale (daily: morning & afternoon) v v v v v
Positive and Negative Affect Schedule-X (daily: afternoon) v v v v v
Screen use in 1h before bed (daily) v v v v v
Perceived Stress Scale v v v v v
Depressive Symptoms (PROMIS Pediatric CAT v2.0) v v v v v
Anxiety (PROMIS Pediatric CAT v2.0) v v v v v
Peer Relationships (PROMIS Pediatric CAT v2.0) v v v v v
6-Monthly
Family Relationships (PROMIS Pediatric CAT v1.0) v (4 v v (4
Cognitive Function (PROMIS Pediatric CAT v1.0) v v v v v
Fatigue (PROMIS Pediatric CAT v1.0) v v v v v
Sleep Disturbance (PROMIS Pediatric CAT v1.0) v v v (4 v
School Sleep Habits Survey v v v v v
Delayed Sleep-Wake Phase Disorder Screening Scale v v v v v
Dysfunctional Beliefs About Sleep Questionnaire v v v v v
Demographics | Socio-economic status, age, sex, medical history, school v
type - Questionnaire (parents) Baseline only
Exploratory Saliva sample for genetic analysis v

CLASS, Circadian Light in Adolescence, Sleep and School; PROMIS, Patient-Reported Outcomes Information System; WIAT-1Il A&NZ, Wechsler Individual Achievement Test-Australian

and New Zealand Standardised third Edition.

one metre away from the participant in a dark room
(curtains and doors closed, lights off) to maintain
photopic illuminance at eye-level of <3 lux. Therefore,
devices in the room used for videoconferencing will
have a blue light filter app installed, with brightness
set to the lowest setting, and positioned at least one
metre from the participant. Samples will be stored in
the participant’s home freezer overnight and trans-
ported the following day to be stored in the laboratory
at —20°C.

Two-yearly assessments

At baseline (T0) and 24 months (T4; +2 months), partic-
ipants will also complete an academic assessment and
Structured Clinical Interview for Sleep Disorders-Revised
(SCISD-R; Taylor et al) 15 Assessments will be scheduled to

occur after school, between ~16:00 and 19:00, within +2
weeks of the DLMO assessment. Assessments will be
administered by registered provisional/general psychol-
ogists under supervision. Academic performance will be
measured using two subtests of the Wechsler Individual
Achievement Test-Australian and New Zealand Stan-
dardised third Edition (WIAT-III): (1) Reading Compre-
hension and (2) Numerical Operations, administered
via the iPad testing interface on Q-Interactive (Pearson
Australia Group Pty Ltd). Where in-person assessments
are not possible during the COVID-19 pandemic, a
remote academic assessment will be conducted by
provisional /registered psychologists, via secure video
conferencing software and in accordance with Pearson
guidelines for remote assessments. Results from the
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NAPLAN standardised tests in Year 7 and Year 9 will be
obtained via the Victorian Curriculum and Assessment
Authority database. Participants will also collect a single
saliva sample using the Oragene-DNA sampling kits (OG-
500, DNA Genotek, Canada) for genetic analysis.

In cases where participant responses on the SCISD-R
are indicative of a probable sleep disorder, or responses
on the Patient-Reported Outcomes Information System
(PROMIS) Paediatric depressive or anxiety symptoms
scales are indicative of depression or anxiety risk, the
participant and his/her parent will be sent information
about available support services.

Measures
A summary of the measures, and the time points at which
they are collected, is presented in table 1.

Demographics and socioeconomic status

Sociodemographic factors of participants and their
parent(s) will be assessed at baseline by parent report.
Factors assessed will include participant date of birth,
year in school, type and location of school, participant sex
and gender, race/ethnicity and ancestry, family structure,
parental education, parental employment status, house-
hold annual income and post code linked to census data
for area socioeconomic status.

Primary outcomes

Academic performance

The primary study outcome is academic performance,
measured via two methods: (1) the Numerical Operations
and the Reading and Comprehension subtests of the
WIAT-II* and (2) the NAPLAN standardised test admin-
istered nationally in Australia, where available (NAPLAN
assessments were cancelled in 2020 due to the COVID-19
pandemic, and resumed in 2021). The WIAT-III subtests
are included as an additional validated measure of
individual academic achievement. Raw item scores are
converted to standardised scores, with a mean of 100 and
SD of 15 for the purposes of comparisons between the
performance of participants via age-based and/or year-
based norms.*” * NAPLAN scores are sensitive to change
in both longitudinal and interventional studies.*’ >

Sleep

A wristworn actigraphy device (GENEActiv Original,
Activinsights; sampling frequency 30 Hz) will be used to
measure sleep-wake activity. Actigraphy is a well-validated
objective measure of sleep-wake timing in adolescents,” >
and the GENEActiv device has been validated againstsleep
diary and polysomnography data.”

A daily sleep diary will ask questions about sleep the
night before, including sleep timing, time taken to fall
asleep, sleepiness at bedtime, awakenings during the
night, naps, screen use before bed and alarm use. The
diary will be used to inform sleep intervals during actig-
raphy analysis (see below).

Daytime sleepiness

Subjective daytime sleepiness will be measured at each
time point using the Epworth Sleepiness Scale-Child and
Adolescent version,” which is an adapted version of the
adult ESS™ validated for adolescents aged 12-18 years.
Daily subjective sleepiness will be measured using the
Karolinska Sleepiness Scale™ in the morning and evening
each day.

Light

Daily light exposure will be monitored using a specialised
modified light pendant (ActTrust, model code AT0503LF,
Condor Instruments, Brazil). The ActTrust device reports
red, green, blue and infrared light spectra, and is set to
record in 1 min epochs. The modified light sensor is fit
with a band-pass filter (535BP210; Omega Optical, Brat-
tleboro, Vermont, USA), to increase spectral alignment
of the blue wavelength sensor with the melanopic spec-
tral response curve.”” While the GENEActiv Original
records light exposure, the sensor is less reliable in low
light levels.” % Therefore, we chose to use the custom
ActTrust device, worn as a pendant around the neck as
our primary light measure, as it is considered the most
suitable commercially available sensor for measuring
melanopic irradiance,”” which is the most physiologi-
cally relevant light measure for circadian research.” The
device will be worn around the neck or pinned to a collar
during waking hours, and placed sensorside up on a
bedside table during sleep.

Circadian phase

Circadian phase will be measured using salivary DLMO.
Melatonin secretion is the most reliable measure of
circadian timing in humans, with DLMO widely consid-
ered the gold-standard method for measuring circa-
dian phase.”’ Samples will be assayed for melatonin
concentration via radioimmunoassay, using procedures
developed at the University of Adelaide® and reagents
provided by Buhlmann Laboratories (Allschwil, Switzer-
land). The limit of detection of the assay is 1 pg/mlL.
DLMO time will be calculated by linear interpolation
across time points before and after salivary melatonin
concentration increases to, and remains above, a fixed
threshold of 4 pg/mL.% The phase relationship between
DLMO and sleep timing will be calculated as the time
between DLMO time and average sleep-onset time and/
or wake time.

Covariates

The following measures will be considered as covari-
ates for the primary aims of the study, measured at each
6-monthly data collection wave: the Pubertal Development
Scale,64 the Strengths and Difficulties Questionnaire,65 66
the Test Anxiety Inventory®” and Academic Motivation
Scale.”® Given that data will be collected in groups of
participants starting at different points throughout the
school year, season, school mode (in-person or remote
learning), data collection mode (in-laboratory DLMO or
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at-home DLMO), and school term will also be considered
as covariates.

To control for sleep disorders that may emerge during
the study, the SCISD-R* will be used to assess criteria for
sleep disorders in the Diagnostic and Statistical Manual
of Mental Disorders-5 (DSM-5).% The SCISD-R is a semi-
structured clinician-administered interview that will be
used to assess: (i) the presence of current or recent sleep
disorders; (ii) past lifetime sleep disorder episodes since
the age of 5 years; (iii) changes in possible sleep disor-
ders over the 2-year study period; and (iv) validity of circa-
dian rhythm disorder diagnoses alongside data obtained
from diaries and objective circadian phase assessments.
We adapted some items to improve relevance for adoles-
cents attending school (e.g., asking about sleep on both
school and non-school days for insomnia and delayed
sleep phase disorder symptoms), and for applicability for
a longitudinal study.

Secondary outcomes

The following secondary outcomes will examine changes
in self-reported mood, sleep, social behaviours, and
cognition. Questionnaires were selected based on strong
psychometric properties and validity for use in adoles-
cents. Outcomes measured using the PROMIS Paediatric
scales will include: anx1ety and depressmn symptoms, "
peer relationships,”’ family relatlonshlps sleep distur-
bances,”® "™ fatlgue75 and cognitive function, 77 all admin-
istered using well-validated computer adaptive testing.78 7
Stress will be measured using the Perceived Stress Scale
(10-item version) ,80 and a subset of the Positive and Nega-
tive Affect Schedule-X®' will be assessed daily as measures
of state sleepiness and affect. Sleep behaviours and atti-
tudes will be measured using the Pre-Sleep Arousal Scale,®
the Dysfunctional Beliefs and Attitudes about Sleep-16,%
the Delayed Sleep-Wake Phase Disorder Screening Ques-
tionnaire®™ and the School Sleep Habits Survey,'” with
minor modifications for the Australian school context
(e.g., added train or tram options to public transport
options for the travel to school question).

A salivary DNA sample will be collected for subsequent
analysis for genes related to sleep and circadian regula-
tion. Circadian rhythm regulation is linked to a number
of core clock genes, including from the Period (PER)
family, CLOCK and BMAL1.* Variations in clock genes
have been related to variations in sleep-wake homeo-
stasis and circadian timing.*® For example, PER3 poly-
morphisms have been linked to DSWPD.*” * Candidate
genes will be examined, relative to sleep and circadian
outcomes. Due to the limited sample size, this analysis will
be exploratory.

Data analysis

Prior to primary analyses, we will produce a descriptive
profile of the sample, characterise dropout and missing
data, and determine if there is clustering by school. If
there is substantial clustering by schools, models will use
cluster robust standard errors.

Sleep parameters will be calculated using the R package
GENEActiv and GENEA Data (GGIR).*® GGIR detects
sleep using an algorithm™ that looks for sustained inac-
tivity bouts within the main sleep period, which can be
guided by a sleep diary. When sleep diary data are not
available, the sleep period window is detected using the
HDCZA algorithm.” Where there are discrepancies
of >30 min between GGIR-calculated sleep and the sleep
diary, two independent researchers will visually inspect
activity and light data, and modify the sleep interval. If
the two researchers do not agree, a third researcher will
review the data to assist in a final consensus decision.
Using these sleep data, we will measure average sleep
duration and derive two sleep regularity measures: the
SRI%, and the difference in sleep midpoint between
school days and non-school days.”’ Growth scale scores
will be calculated for the WIAT-III subscales to measure
academic progress over time within participants.*®
Pubertal scores will be classified into three stages
of development (pre-early, mid-pubertal and late/
postpubertal).”

For Aim 1, we will use latent growth models to explore
longitudinal change trajectories in sleep metrics and circa-
dian timing. We will also explore how different factors
(e.g., sex, pubertal status) may predict change trajecto-
ries by including them as predictors of intercepts and
slopes. We will evaluate model fit to determine whether
the change is linear and include non-linear change if it
significantly improves fit.

For Aim 2, we will use 24 hour minute-by-minute light
exposure patterns to predict sleep metrics and circadian
timing (DLMO). Multiple analytical approaches will
be employed, including using light (melanopic lux) as
an input into a validated mathematical model® ** ** to
examine how well light-exposure patterns account for
changes in sleep and circadian timing over time within an
individual. We will also include light exposure variables
(e.g., binned according to phase response curve charac-
teristics”*) as predictors in a mixed-effects model, with
participant random effects, and with circadian timing of
sleep (i.e., time between DLMO and sleep onset/offset)
as the dependent variable, including other covariates
(e.g., age and sex).

For Aim 3, we will use appropriate longitudinal statis-
tical methods, such as latent growth models, to predict
the change in sleepiness over time using changes and
initial baseline values for sleep metrics, circadian timing
and circadian timing of sleep. Wherever appropriate,
propensity scores for covariates (e.g., sociodemographics,
test anxiety, season) may be included to reduce bias.

Aim 4 will be tested by a parallel approach to aim 3 to
predict longitudinal changes in academic performance
(WIAT-II scores), using changes in sleep metrics, circa-
dian timing and circadian timing of sleep. To evaluate
whether sleepiness acts as a mediator, indirect effects will
be calculated as the product of the paths from sleep and
circadian metrics to sleepiness, and from sleepiness to the
change from Year 7 to Year 9 WIAT-III scores.
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Secondary analyses investigating longitudinal relation-
ships between sleep timing, duration and regularity, circa-
dian timing, mental health outcomes and affect, genetics
and sociobehavioural factors will also be explored.

Ethics and dissemination

The study has been approved by the Monash Univer-
sity Human Research Ethics Committee (#18718) and
the Victorian Department of Education and Training
(#2020_004315). Written informed consent will be
provided by a parent (‘parent’ refers to a parent or legal
guardian), and written informed assent provided by the
participant, via the online e-consent framework imple-
mented in REDCap (The REDCap Consortium, hosted
at Monash University™ **). Study findings will be dissem-
inated via scientific publications, scientific conferences,
via stakeholders including schools and media.

DISCUSSION

This study will investigate longitudinal relationships
between sleep (timing, duration and regularity), circa-
dian timing, environmental light exposure and academic
performance. Through a robust longitudinal burst
design, and the use of rigorous assessments of sleep-wake
timing, circadian timing, and light exposure relevant to
the circadian system, this study will provide a valuable
dataset suitable for disentangling the relative contribu-
tions of sleep, circadian timing and environmental light to
the development of cognitive skills and academic achieve-
ment in adolescents. These findings will contribute to the
understanding of the role of sleep and circadian factors
in cognitive development in adolescents. The findings
will also provide specific insights into the degree to which
light exposure patterns account for observed age-related
changes in sleep and circadian timing. Algorithms and
markers identified in this study may inform the future
development of practical tools to minimise sleep distur-
bances and sleepiness in healthy adolescents, such as light
and sleep-wake monitoring systems. Findings from this
study will provide an evidence base to inform child and
parent education programs, and inform development
of policies and guidelines for improving sleep habits in
adolescents.

Author affiliations

"Turner Institute for Brain and Mental Health, School of Psychological Sciences,
Monash University, Clayton, Victoria, Australia

%Centre for Adolescent Health, Murdoch Children’s Research Institute, Melbourne,
Victoria, Australia

®Department of Paediatrics, Melbourne Medical School, University of Melbourne,
Parkville, Victoria, Australia

“Department of Neurology, Massachusetts General Hospital, Boston, Massachusetts,
USA

SDivision of Sleep and Circadian Disorders, Departments of Medicine and Neurology,
Brigham and Women’s Hospital, Boston, Massachusetts, USA

®Division of Sleep Medicine, Harvard Medical School, Boston, Massachusetts, USA
"Department of Psychiatry & Human Behavior, Chronobiology & Sleep Research
Laboratory, EP Bradley Hospital, Brown University Warren Alpert Medical School,
Providence, Rhode Island, USA

Twitter Julia E Stone @jstone_247, Joshua Wiley @wileyresearch, Evangelos
Chachos @evan_chachos, Anthony J Hand @ajhan_97, Sinh Lu @bsinhlu1, Mary A
Carskadon @sleepyteens, Andrew J K Phillips @circadianumbers, Bei Bei @BeiSci
and Shantha M W Rajaratnam @smwrajaratnam

Acknowledgements We thank Dr Megan Mulhall for assistance with procedure
and database development, Ms Ashley Lam for designing our study website, and
Mr Eliah Castiello for designing our study logo. We thank Dr Lisa Mundy for advice
regarding NAPLAN measures, and Dr Katherine Lawrence for guidance regarding
managing psychological risks.

Contributors SMWR, BB, JW, AJKP, EK, SWL, MAC and JES designed the study.
MR designed the psychological risk protocol for participant safety. JES, AJH, SL
and EC adapted procedures during COVID-19 lockdowns. JES drafted the protocol.
All authors critically reviewed the protocol and provided comments. All authors
approved the final protocol.

Funding This study is funded by an Australian Research Council Discovery
Project Grant (DP190103444) and supported by an equipment grant from Vanda
Pharmaceuticals. J. Wiley (1178487) and B. Bei (1140299) were supported by
NHMRC fellowships. E. Klerman was supported by an NIH K24 award.

Competing interests JES, MR, EC, AJH, SL, JW, MAC and BB have no conflicts to
declare. AJKP was an investigator on projects supported by the CRC for Alertness,
Safety and Productivity, and he has received research funding from Versalux and
Delos. EBK reports (non-government, non-university): Travel support from World
Conference of Chronobiology, Gordon Research Conference, Sleep Research
Society, Santa Fe Institute, German Sleep Society (DGSM); Consulting/grant reviews
income from Puerto Rice Science, Technology, and Research Trust, National Sleep
Foundation, Sanofi-Genzyme; Family member owns Chronsulting. SWL has had

a number of commercial interests in the last 2 years (2019-2021). His interests
were reviewed and managed by Mass General Brigham in accordance with their
conflict of interest policies. No interests are directly related to the research or topic
reported in this paper but, in the interests of full disclosure, are outlined below.
SWL has received consulting fees from the EyeJust, Rec Room, Six Senses, and
Stantec; and has current consulting contracts with Akili Interactive; Apex 2100;
Consumer Sleep Solutions; Hintsa Performance AG; KBR Wyle Services, Light
Cognitive; Lighting Science Group Corporation/HealthE; Look Optic; Mental Workout/
Timeshifter and View. He has received honoraria and travel or accommodation
expenses from MIT, Roxbury Latin School, and University of Toronto, and travel or
accommodation expenses (no honoraria) from Wiley; and royalties from Oxford
University Press. He holds equity in iSleep Pty. He has received an unrestricted
equipment gift from F. Lux Software LLC, and holds an investigator-initiated grant
from F. Lux Software. He has a Clinical Research Support Agreement and a Clinical
Trials Agreement with Vanda Pharmaceuticals. He is an unpaid Board Member of
the Midwest Lighting Institute (non-profit). He was a Program Leader for the CRC for
Alertness, Safety and Productivity, Australia, through an adjunct professor position
at Monash University (2015-2019). He is currently a part-time faculty member

at the University of Surrey. He has served as a paid expert in legal proceedings
related to light, sleep and health. SMWR was a Program Leader for the CRC for
Alertness, Safety and Productivity, Australia, and currently serves as the Chair of
the Sleep Health Foundation. SMWR reports grants from Vanda Pharmaceuticals,
Philips Respironics, Cephalon, Rio Tinto and Shell and receiving equipment support
and consultancy fees through his institution from Vanda, Circadian Therapeutics,
Optalert, Tyco Healthcare, Compumedics, Mental Health Professionals Network and
Teva Pharmaceuticals, which are not related to this paper.

Patient and public involvement Patients and/or the public were involved in the
design, or conduct, or reporting, or dissemination plans of this research. Refer to
the Methods section for further details.

Patient consent for publication Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which

Stone JE, et al. BMJ Open 2022;12:¢055716. doi:10.1136/bmjopen-2021-055716


https://twitter.com/jstone_247
https://twitter.com/wileyresearch
https://twitter.com/evan_chachos
https://twitter.com/ajhan_97
https://twitter.com/bsinhlu1
https://twitter.com/sleepyteens
https://twitter.com/circadianumbers
https://twitter.com/BeiSci
https://twitter.com/smwrajaratnam

permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use

is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Julia E Stone http://orcid.org/0000-0001-7706-7471

REFERENCES

1

20

21

22

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;12:110-8.

Basch CE, Basch CH, Ruggles KV. Prevalence of sleep duration

on an average school night among 4 nationally representative
successive samples of American high school students. Prev Chronic
Dis2014:2007-13.

Galland BC, Short MA, Terrill P, et al. Establishing normal values
for pediatric nighttime sleep measured by actigraphy: a systematic
review and meta-analysis. Sleep 2018;41:zsy017.

Spruyt K, Molfese DL, Gozal D. Sleep duration, sleep regularity,
body weight, and metabolic homeostasis in school-aged children.
Pediatrics 2011;127:e345-52.

Ojio Y, Nishida A, Shimodera S, et al. Sleep duration associated
with the lowest risk of depression/anxiety in adolescents. Sleep
2016;39:1555-62.

Lunsford-Avery JR, Engelhard MM, Navar AM, et al. Validation of
the sleep regularity index in older adults and associations with
cardiometabolic risk. Sci Rep 2018;8:1-11.

Dewald JF, Meijer AM, Oort FJ, et al. The influence of sleep

quality, sleep duration and sleepiness on school performance in
children and adolescents: a meta-analytic review. Sleep Med Rev
2010;14:179-89.

Gadie A, Shafto M, Leng Y, et al. How are age-related differences in
sleep quality associated with health outcomes? an epidemiological
investigation in a UK cohort of 2406 adults. BMJ Open
2017;7:e014920.

Short MA, Blunden S, Rigney G, et al. Cognition and objectively
measured sleep duration in children: a systematic review and meta-
analysis. Sleep Health 2018;4:292-300.

Shen L, van Schie J, Ditchburn G, et al. Positive and negative
emotions: differential associations with sleep duration and quality in
adolescents. J Youth Adolesc 2018;47:2584-95.

Yeo SC, Jos AM, Erwin C, et al. Associations of sleep duration on
school nights with self-rated health, overweight, and depression
symptoms in adolescents: problems and possible solutions. Sleep
Med 2019;60:96-108.

Carskadon MA, Tarokh L. Developmental changes in sleep biology
and potential effects on adolescent behavior and caffeine use. Nutr
Rev 2014;72 Suppl 1:60-4.

Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and
delayed phase in adolescence. Sleep Med 2007;8:602-12.

Bei B, Allen NB, Nicholas CL, et al. Actigraphy-assessed sleep
during school and vacation periods: a naturalistic study of restricted
and extended sleep opportunities in adolescents. J Sleep Res
2014;23:107-17.

Hagenauer MH, Perryman JI, Lee TM, et al. Adolescent changes

in the homeostatic and circadian regulation of sleep. Dev Neurosci
2009;31:276-84.

Crowley SJ, Van Reen E, LeBourgeois MK, et al. A longitudinal
assessment of sleep timing, circadian phase, and phase angle of

entrainment across human adolescence. PLoS One 2014;9:e112199.

Wolfson AR, Carskadon MA. Sleep schedules and daytime
functioning in adolescents. Child Dev 1998;69:875-87.

Pagel JF, Forister N, Kwiatkowki C. Adolescent sleep disturbance
and school performance: the confounding variable of
socioeconomics. J Clin Sleep Med 2007;3:19-23.

Campbell IG, Burright CS, Kraus AM, et al. Daytime sleepiness
increases with age in early adolescence: a sleep restriction dose—
response study. Sleep 2017;40:zsx046.

Carskadon MA, Wolfson AR, Acebo C, et al. Adolescent sleep
patterns, circadian timing, and sleepiness at a transition to early
school days. Sleep 1998;21:871-81.

Kdnen T, Dirk J, Schmiedek F. Cognitive benefits of last night's sleep:

daily variations in children's sleep behavior are related to working
memory fluctuations. J Child Psychol Psychiatry 2015;56:171-82.
Lowe CJ, Safati A, Hall PA. The neurocognitive consequences of
sleep restriction: a meta-analytic review. Neurosci Biobehav Rev

2017;80:586-604.

23

24

25

26

27

28

29

30

31

32

33

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

Phillips AJK, Clerx WM, O'Brien CS, et al. Irregular sleep/wake
patterns are associated with poorer academic performance and
delayed circadian and sleep/wake timing. Sci Rep 2017;7:3216.
Diaz-Morales JF, Escribano C, jetlag S. Social jetlag, academic
achievement and cognitive performance: understanding gender/sex
differences. Chronobiol Int 2015;32:822-31.

Czeisler CA, Kronauer RE, Allan JS, et al. Bright light induction of
strong (type 0) resetting of the human circadian pacemaker. Science
1989;244:1328-33.

Lockley SW, Brainard GC, Czeisler CA. High sensitivity of the human
circadian melatonin rhythm to resetting by short wavelength light. J
Clin Endocrinol Metab 2003;88:4502-5.

Boivin DB, Czeisler CA. Resetting of circadian melatonin and
cortisol rhythms in humans by ordinary room light. Neuroreport
1998;9:779-82.

Czeisler CA, Gooley JJ. Sleep and circadian rhythms in humans.
Cold Spring Harb Symp Quant Biol 2007;72:579-97.

Zeitzer JM, Dijk DJ, Kronauer R, et al. Sensitivity of the human
circadian pacemaker to nocturnal light: melatonin phase resetting
and suppression. J Physiol 2000;526 Pt 3:695-702.

Phillips AJK, Vidafar P, Burns AC, et al. High sensitivity

and interindividual variability in the response of the human

circadian system to evening light. Proc Natl Acad Sci U S A
2019;116:12019-24.

Daurat A, Aguirre A, Foret J, et al. Bright light affects alertness and
performance rhythms during a 24-h constant routine. Physiol Behav
1993;53:929-36.

Cajochen C, Zeitzer JM, Czeisler CA, et al. Dose-

response relationship for light intensity and ocular and
electroencephalographic correlates of human alertness. Behav Brain
Res 2000;115:75-83.

Cajochen C. Alerting effects of light. Sleep Med Rev 2007;11:453-64.
Chellappa SL, Steiner R, Oelhafen P, et al. Acute exposure to
evening blue-enriched light impacts on human sleep. J Sleep Res
2013;22:573-80.

Chang A-M, Aeschbach D, Duffy JF, et al. Evening use of
light-emitting eReaders negatively affects sleep, circadian

timing, and next-morning alertness. Proc Nat/ Acad Sci U S A
2015;112:1232-7.

Crowley SJ, Cain SW, Burns AC, et al. Increased sensitivity of the
circadian system to light in early/mid-puberty. J Clin Endocrinol
Metab 2015;100:4067-73.

Skeldon AC, Phillips AJK, Dijk D-J. The effects of self-selected light-
dark cycles and social constraints on human sleep and circadian
timing: a modeling approach. Sci Rep 2017;7:45158.

Authority ACaM. Kids and mobiles: how Australian children are using
mobile phones: Australian government, 2020. Available: https://
www.acma.gov.au/publications/2020-12/report/kids-and-mobiles-
how-australian-children-are-using-mobile-phones [Accessed 19 Jan
2021].

Mireku MO, Barker MM, Mutz J, et al. Night-time screen-based
media device use and adolescents' sleep and health-related quality
of life. Environ Int 2019;124:66-78.

St Hilaire MA, Klerman EB, Khalsa SBS, et al. Addition of a non-
photic component to a light-based mathematical model of the
human circadian pacemaker. J Theor Biol 2007;247:583-99.

Fischer D, Klerman EB, Phillips AJK. Measuring sleep regularity:
theoretical properties and practical usage of existing metrics. Sleep
2021;44. doi:10.1093/sleep/zsab103. [Epub ahead of print: 11 10
2021].

Fuligni AJ, Eccles JS. Perceived parent-child relationships and early
adolescents’ orientation toward peers. Dev Psychol 1993;29:622-32.
Harris PA, Taylor R, Minor BL, et al. The REDCap Consortium:
building an international community of software platform partners. J
Biomed Inform 2019;95:103208.

Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)--a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform 2009;42:377-81.

Van Reen E, Sharkey KM, Roane BM, et al. Sex of college students
moderates associations among bedtime, time in bed, and circadian
phase angle. J Biol Rhythms 2013;28:425-31.

Taylor DJ, Wilkerson AK, Pruiksma KE, et al. Reliability of the
structured clinical interview for DSM-5 sleep disorders module. J Clin
Sleep Med 2018;14:459-64.

Wechsler D. Wechsler individual achievement Test-Australian and
New Zealand standardised. (WIAT-IIl A&NZ): Pearson Clinical 2016.
Wechsler D. The Wechsler individual achievement Test-Ill. San
Antonio, TX: Psychological Corporation, 2009.

Daraganova G, Edwards B, Sipthorp M. Using national assessment
program literacy and Numeracy (NAPLAN) data in the longitudinal

Stone JE, et al. BMJ Open 2022;12:¢055716. doi:10.1136/bmjopen-2021-055716


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-7706-7471
http://dx.doi.org/10.1016/j.sleep.2010.11.008
http://dx.doi.org/10.5888/pcd11.140383
http://dx.doi.org/10.5888/pcd11.140383
http://dx.doi.org/10.1093/sleep/zsy017
http://dx.doi.org/10.1542/peds.2010-0497
http://dx.doi.org/10.5665/sleep.6020
http://dx.doi.org/10.1038/s41598-018-32402-5
http://dx.doi.org/10.1016/j.smrv.2009.10.004
http://dx.doi.org/10.1136/bmjopen-2016-014920
http://dx.doi.org/10.1016/j.sleh.2018.02.004
http://dx.doi.org/10.1007/s10964-018-0899-1
http://dx.doi.org/10.1016/j.sleep.2018.10.041
http://dx.doi.org/10.1016/j.sleep.2018.10.041
http://dx.doi.org/10.1111/nure.12147
http://dx.doi.org/10.1111/nure.12147
http://dx.doi.org/10.1016/j.sleep.2006.12.002
http://dx.doi.org/10.1111/jsr.12080
http://dx.doi.org/10.1159/000216538
http://dx.doi.org/10.1371/journal.pone.0112199
http://www.ncbi.nlm.nih.gov/pubmed/9768476
http://www.ncbi.nlm.nih.gov/pubmed/17557448
http://dx.doi.org/10.1093/sleep/zsx046
http://dx.doi.org/10.1093/sleep/21.8.871
http://dx.doi.org/10.1111/jcpp.12296
http://dx.doi.org/10.1016/j.neubiorev.2017.07.010
http://dx.doi.org/10.1038/s41598-017-03171-4
http://dx.doi.org/10.3109/07420528.2015.1041599
http://dx.doi.org/10.1126/science.2734611
http://dx.doi.org/10.1210/jc.2003-030570
http://dx.doi.org/10.1210/jc.2003-030570
http://dx.doi.org/10.1097/00001756-199803300-00002
http://dx.doi.org/10.1101/sqb.2007.72.064
http://dx.doi.org/10.1111/j.1469-7793.2000.00695.x
http://dx.doi.org/10.1073/pnas.1901824116
http://dx.doi.org/10.1016/0031-9384(93)90271-g
http://dx.doi.org/10.1016/s0166-4328(00)00236-9
http://dx.doi.org/10.1016/s0166-4328(00)00236-9
http://dx.doi.org/10.1016/j.smrv.2007.07.009
http://dx.doi.org/10.1111/jsr.12050
http://dx.doi.org/10.1073/pnas.1418490112
http://dx.doi.org/10.1210/jc.2015-2775
http://dx.doi.org/10.1210/jc.2015-2775
http://dx.doi.org/10.1038/srep45158
https://www.acma.gov.au/publications/2020-12/report/kids-and-mobiles-how-australian-children-are-using-mobile-phones
https://www.acma.gov.au/publications/2020-12/report/kids-and-mobiles-how-australian-children-are-using-mobile-phones
https://www.acma.gov.au/publications/2020-12/report/kids-and-mobiles-how-australian-children-are-using-mobile-phones
http://dx.doi.org/10.1016/j.envint.2018.11.069
http://dx.doi.org/10.1016/j.jtbi.2007.04.001
http://dx.doi.org/10.1093/sleep/zsab103
http://dx.doi.org/10.1037/0012-1649.29.4.622
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2019.103208
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://dx.doi.org/10.1177/0748730413511771
http://dx.doi.org/10.5664/jcsm.7000
http://dx.doi.org/10.5664/jcsm.7000

50

study of Australian children (LSAC): department of families, housing.
Community Services and Indigenous Affairs 2013.

C-HC N, Bartlett B, Chester I. Improving reading performance for
economically disadvantaged students: combining strategy instruction
and motivational support. Reading Psychology 2013;34:257-300.

74

75

Bevans KB, Meltzer LJ, De La Motte A, et al. Qualitative development
and content validation of the PROMIS pediatric sleep health items.
Behav Sleep Med 2019;17:657-71.

Quinn H, Thissen D, Liu Y, et al. Using item response theory to enrich
and expand the PROMIS® pediatric self report banks. Health Qual

51 de Souza L, Benedito-Silva AA, Pires MLN, et al. Further validation of Life Outcomes 2014;12:160.
actigraphy for sleep studies. Sleep 2003;26:81-5. 76 Lai J-S, Butt Z, Zelko F, et al. Development of a parent-report

52 Sadeh A. The role and validity of actigraphy in sleep medicine: an cognitive function item bank using item response theory and
update. Sleep Med Rev 2011;15:259-67. exploration of its clinical utility in computerized adaptive testing. J

53 van Hees VT, Sabia S, Anderson KN, et al. A novel, open access Pediatr Psychol 2011;36:766-79.
method to assess sleep duration using a wrist-worn accelerometer. 77 Lai J-S, Zelko F, Krull KR, et al. Parent-reported cognition of children
PLoS One 2015;10:e0142533. with cancer and its potential clinical usefulness. Qual Life Res

54 Janssen KC, Phillipson S, O'Connor J, et al. Validation of the 2014;23:1049-58.

Epworth Sleepiness scale for children and adolescents using Rasch 78 Cella D, Gershon R, Lai J-S, et al. The future of outcomes
analysis. Sleep Med 2017;33:30-5. ) ) measurement: item banking, tailored short-forms, and

55 Johns MW. A new method for measuring daytime sleepiness: the computerized adaptive assessment. Qual Life Res 2007;16 Suppl
Epworth Sleepiness scale. Sleep 1991;14:540-5. 1:133-41.

56 Shahid A, Wilkinson K, Marcu S. Stop, that and one hundred other 79 Segawa E, Schalet B, Cella D. A comparison of computer adaptive
sleep scales. Springer Science & Business Media, 2012. ) tests (CATs) and short forms in terms of accuracy and number

57 Price LL'A, Lyachev A .Modllflcatlon'of a personal dosimetry device of items administrated using PROMIS profile. Qual Life Res
for logging melanopic irradiance. Lighting Research & Technology 2020:29:213-21.

20,1 7;49:922-7. . 80 Lee E-H. Review of the psychometric evidence of the perceived

58 Price LLA, Lyachev A, Khazova M. Optical performance stress scale. Asian Nurs Res 2012;6:121-7.
characterization of I|'gh.t—logg|ng actigraphy dosimeters. J Opt Soc 81 Watson D, Clark LA. The PANAS-X: manual for the positive and
Am A Opt Image Sci Vis 2017;34:545-57. negative affect schedule-expanded form, 1999.

59 Stone JE, Mc_GIash_an EM, Facer—_ChlIc_:ls ER, et al. Agcuracy of 82 Nicassio PM, Mendlowitz DR, Fussell JJ, et al. The phenomenology
the GENEAC“V device for measuring light exposure in sleep and of the pre-sleep state: the development of the pre-sleep arousal
circadian research. Clocks Sleep 2020;2:143-52. .

60 Lucas RJ, Peirson SN, Berson DM, et al. Measuring and using light in scalg. Behav Res Ther 1985’23'263_71'- ’ ’
the melan‘opsin age T’rends Neuro‘sci 20'14.37.1_9 83 Morin CM, Vallieres A, Ivers H. Dysfunctional beliefs and attitudes

. : T . about sleep (DBAS): validation of a brief version (DBAS-16). Sleep

61 Benloucif S, Burgess HJ, Klerman EB, et al. Measuring melatonin in 2007:30:1547—54

humans. J Clin Sleep Med 2008;4:66-9. 84 Rai ’ t y SMW. L le L. Birznieks G. Delaved sl h
) ) ) jaratnam , Licamele L, Birznieks G. Delayed sleep phase

62 Voultsios A, Kennaway DJ, Dawson D. Salivary melatonin as a disorder risk is associated with absenteeism and impaired

circadian phase marker: validation and comparison to plasma f S e
; ) 1o unctioning. Sleep Health 2015;1:121-7.
melatonin. J Biol Rhythms 1997;12:457-66. 85 Ko CH, Takahashi JS. Molecular components of the mammalian

63 Carskadon MA, Acebo C, Richardson GS, et al. An approach to ) ; ’ p .
studying circadian rhythms of adolescent humans. J Biol Rhythms circadian CIO.Ck' Hum Mol Genet 2006;15 Spec N°.2'R271_7'
1997:12:278-89. 86 Sehgal A, Mignot E. Genetics of sleep and sleep disorders. Cell

64 Carskadon MA, Acebo C. A self-administered rating scale for 20.1 1 ;146:194_2.07' . o
pubertal development. J Adolesc Health 1993:14:190-5. 87 Ebisawa T,_Uchlyama M, Ka]lmur'c} N, et al. As_somatlon of structural

65 Goodman R. The strengths and difficulties questionnaire: a research polymorphisms in the human Period3 gene with delayed sleep phase
note. J Child Psychol Psychiatry 1997;38:581-6. syndrome. EMBO Rep 2001;2:342-6. ,

66 Goodman R. Psychometric properties of the strengths and 88 Archer SN, Robilliard DL, Skene DJ, et al. A length polymorphism
difficulties questionnaire. J Am Acad Child Adolesc Psychiatry in the circadian clock gene PER3 is linked to delayed sleep phase
2001;40:1337-45. syndrome and extreme diurnal preference. Sleep 2003;26:413-5.

67 Spielberger CD, Gonzalez HP. Preliminary professional manual for the 89 Migueles JH, Rowlands AV, Huber F, et al. GGIR: a research
test anxiety inventory. Consulting Psychologists Press, 1980. Community-Driven open source R package for generating physical

68 Vallerand RJ, Blais MR, Briére NM, et al. Construction et validation activity and sleep outcomes from Multi-Day RAW Accelerometer
de I'échelle de motivation en éducation (EME). Can J Behav Sci data. J Meas Phys Behav 2019;2:188-96.
1989:21:323-49. 90 van Hees VT, Sabia S, Jones SE, et al. Estimating sleep parameters

69 Association AP. Diagnostic and statistical manual of mental disorders using an accelerometer without sleep diary. Sci Rep 2018;8:12975.
(DSM-5®). American Psychiatric Pub, 2013. 91 Wittmann M, Dinich J, Merrow M, et al. Social jetlag: misalignment of

70 Irwin DE, Stucky B, Langer MM, et al. An item response ana|y5is biO'OgiCal and social time. Chronobiol Int 2006;23:497-509.
of the pediatric PROMIS anxiety and depressive symptoms scales. 92 Koopman-Verhoeff ME, Gredvig-Ardito C, Barker DH, et al.

Qual Life Res 2010;19:595-607. Classifying pubertal development using child and parent report:

71 Dewalt DA, Thissen D, Stucky BD, et al. PROMIS pediatric peer comparing the pubertal development scales to Tanner staging. J
relationships scale: development of a peer relationships item bank as Adolesc Health 2020;66:597-602.
part of social health measurement. Health Psychol 2013;32:1093. 93 Stone JE, Postnova S, Sletten TL, et al. Computational approaches

72 Bevans KB, Riley AW, Landgraf JM, et al. Children's family for individual circadian phase prediction in field settings. Curr Opin
experiences: development of the PROMIS® pediatric family Syst Biol 2020;22:39-51.
relationships measures. Qual Life Res 2017;26:3011-23. 94 Stone JE, Sletten TL, Magee M, et al. Temporal dynamics of

73 Forrest CB, Meltzer LJ, Marcus CL, et al. Development and validation circadian phase shifting response to consecutive night shifts
of the PROMIS pediatric sleep disturbance and sleep-related in healthcare workers: role of light-dark exposure. J Physiol
impairment item banks. Sleep 2018;41:zsy054. 2018;596:2381-95.

10 Stone JE, et al. BMJ Open 2022;12:¢055716. doi:10.1136/bmjopen-2021-055716


http://dx.doi.org/10.1093/sleep/26.1.81
http://dx.doi.org/10.1016/j.smrv.2010.10.001
http://dx.doi.org/10.1371/journal.pone.0142533
http://dx.doi.org/10.1016/j.sleep.2017.01.014
http://dx.doi.org/10.1093/sleep/14.6.540
http://dx.doi.org/10.1177/1477153517695862
http://dx.doi.org/10.1364/JOSAA.34.000545
http://dx.doi.org/10.1364/JOSAA.34.000545
http://dx.doi.org/10.3390/clockssleep2020012
http://dx.doi.org/10.1016/j.tins.2013.10.004
http://www.ncbi.nlm.nih.gov/pubmed/18350967
http://dx.doi.org/10.1177/074873049701200507
http://dx.doi.org/10.1177/074873049701200309
http://dx.doi.org/10.1016/1054-139x(93)90004-9
http://dx.doi.org/10.1111/j.1469-7610.1997.tb01545.x
http://dx.doi.org/10.1097/00004583-200111000-00015
http://dx.doi.org/10.1037/h0079855
http://dx.doi.org/10.1007/s11136-010-9619-3
http://dx.doi.org/10.1037/a0032670
http://dx.doi.org/10.1007/s11136-017-1629-y
http://dx.doi.org/10.1093/sleep/zsy054
http://dx.doi.org/10.1080/15402002.2018.1461102
http://dx.doi.org/10.1186/s12955-014-0160-x
http://dx.doi.org/10.1186/s12955-014-0160-x
http://dx.doi.org/10.1093/jpepsy/jsr005
http://dx.doi.org/10.1093/jpepsy/jsr005
http://dx.doi.org/10.1007/s11136-013-0548-9
http://dx.doi.org/10.1007/s11136-007-9204-6
http://dx.doi.org/10.1007/s11136-019-02312-8
http://dx.doi.org/10.1016/j.anr.2012.08.004
http://dx.doi.org/10.1016/0005-7967(85)90004-x
http://dx.doi.org/10.1093/sleep/30.11.1547
http://dx.doi.org/10.1016/j.sleh.2015.03.001
http://dx.doi.org/10.1093/hmg/ddl207
http://dx.doi.org/10.1016/j.cell.2011.07.004
http://dx.doi.org/10.1093/embo-reports/kve070
http://dx.doi.org/10.1093/sleep/26.4.413
http://dx.doi.org/10.1123/jmpb.2018-0063
http://dx.doi.org/10.1038/s41598-018-31266-z
http://dx.doi.org/10.1080/07420520500545979
http://dx.doi.org/10.1016/j.jadohealth.2019.11.308
http://dx.doi.org/10.1016/j.jadohealth.2019.11.308
http://dx.doi.org/10.1016/j.coisb.2020.07.011
http://dx.doi.org/10.1016/j.coisb.2020.07.011
http://dx.doi.org/10.1113/JP275589

	The CLASS Study (Circadian Light in Adolescence, Sleep and School): protocol for a prospective, longitudinal cohort to assess sleep, light, circadian timing and academic performance in adolescence
	Abstract
	Introduction﻿﻿
	Current study

	Methods
	Design
	Participants and recruitment
	Recruitment strategy
	Sample maintenance/retention
	Estimation of statistical power
	Patient and public involvement

	Procedures
	Screening and consent
	Contact and timing of assessments
	Six-monthly assessments
	Yearly assessments
	Two-yearly assessments

	Measures
	Demographics and socioeconomic status
	Primary outcomes
	Academic performance
	Sleep
	Daytime sleepiness
	Light
	Circadian phase
	Covariates
	Secondary outcomes


	Data analysis
	Ethics and dissemination

	Discussion
	References


