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Abstract

During the COVID-19 pandemic, schools around the world rapidly transitioned from
in-person to remote learning, providing an opportunity to examine the impact of
in-person vs remote learning on sleep, circadian timing, and mood. We assessed
sleep-wake timing using wrist actigraphy and sleep diaries over 1-2 weeks during
in-person learning (n = 28) and remote learning (n = 58, where n = 27 were repeat
assessments) in adolescents (age M + SD = 12.79 + 0.42 years). Circadian timing
was measured under a single condition in each individual using salivary melatonin
(Dim Light Melatonin Onset; DLMO). Online surveys assessed mood (PROMIS
Pediatric Anxiety and Depressive Symptoms) and sleepiness (Epworth Sleepiness
Scale — Child and Adolescent) in each condition. During remote (vs in-person) learn-
ing: (i) on school days, students went to sleep 26 minutes later and woke 49 min-
utes later, resulting in 22 minutes longer sleep duration (all P < .0001); (ii)) DLMO
time did not differ significantly between conditions, although participants woke at
a later circadian phase (43 minutes, P = .03) during remote learning; and (iii) par-
ticipants reported significantly lower sleepiness (P = .048) and lower anxiety symp-
toms (P = .006). Depressive symptoms did not differ between conditions. Changes
in mood symptoms were not mediated by sleep. Although remote learning continued
to have fixed school start times, removing morning commutes likely enabled ado-
lescents to sleep longer, wake later, and to wake at a later circadian phase. These
results indicate that remote learning, or later school start times, may extend sleep and

improve some subjective symptoms in adolescents.
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Adolescents often obtain less than the recommended 9 hours
of sleep on school nights,' resulting in chronic sleep restric-
tion.? One reason for this sleep loss is that the circadian clock
that regulates the timing of sleep shifts later during adoles-
cence,’ resulting in later subjective sleepiness and truncated
sleep duration when paired with early school start times.”
Sleep restriction is associated with reduced cognitive func-
tion,* daytime sleepiness,” poor emotion regulation,’
negative mood.”® Not surprisingly, later school start times
increase the amount of time available for sleep (ie, sleep
opportunity9'”) and improve school performance, daytime
functioning, mood, and school attendance.'>

The COVID-19 pandemic and associated mitigation strate-
gies led to widespread restrictions to behavior and movement,
including changes in the mode of education delivery. These re-
strictions were particularly stringent in Melbourne, Australia,
which underwent approximately 7 months of lockdown.
Schools commenced remote learning during Term 2 (14 April
2020) and continued through to early Term 4 (approximately
October 12, 2020), with students participating in schooling via
online platforms. While schools continued to schedule set start
times for secondary school students, the need to prepare for and
commute to school was removed or reduced. This change pro-
vided a unique opportunity to examine whether remote learn-
ing would affect sleep duration, circadian timing, and mood.

A prepandemic study in the United States found that
home-schooled students had later self-reported sleep timing
and longer sleep duration compared to students attending
schools in person.15 Survey studies indicate that children and
adolescents report sleeping longer during COVID-related
lockdown.'®!"” These studies did not include objective mea-
sures of sleep or circadian timing, and only two reported
prepandemic assessments.'®'® Studies in young adults and
adults also report significant mood disturbances during the
COVID-19 pa111demic,20’21 though research in adolescents is
limited. In this study, we used both self-report and objective
measures to examine whether the COVID-19 induced change
in school mode (in-person vs remote learning) was associated
with changes in sleep, circadian timing, and mood in early
adolescents aged 12-13 years. Sleep onset, wake time, and
sleep duration were also examined as potential mediators of
changes in mood and daytime sleepiness.

and

2 | METHODS

2.1 | Participants

Participants were in the first year of secondary schooling (Year
7; N = 59; 33 females, age M + SD = 12.8 + 0.4 years) in
Melbourne, Australia, who were part of an ongoing longitudinal

study examining sleep and academic performance (the Circadian
Light in Adolescence, Sleep and School [CLASS] Study).
Participants were recruited via online advertisements and re-
cruitment sessions at local secondary schools. Inclusion criteria
were: enrolled in Year 7 in Melbourne, access to a smartphone
with internet access, and ability to communicate in English.
Exclusion criteria for the broader longitudinal study were: a
parent reported current sleep disorder other than delayed sleep-
wake phase disorder (DSWPD) or insomnia, and severe psychi-
atric (depressive, bipolar, schizophrenia/psychotic, substance
related, obsessive-compulsive, feeding and eating, and trauma-
and stressor-related disorders) and neurodevelopmental disor-
ders (autism spectrum disorder, attention-deficit/hyperactivity
disorder, intellectual disabilities or neurocognitive disorders
such as traumatic brain injury), diagnosed by a medical profes-
sional (Figure S1). No participants included in this analysis had
a medical diagnosis of insomnia or DSWPD. No participant,
or members of their household, reported testing positive for
COVID-19 either before or during data collection. Participants
and their parent/legal guardian provided written informed con-
sent prior to participating. All procedures were approved by
the Monash University Human Research Ethics Committee
and were performed in compliance with the Declaration of
Helsinki. Participants were reimbursed for their time.

2.2 | Design

Participants completed measurements for one to two weeks
during in-person learning (November 2019 to March 2020)
before changes in school mode (n = 28) and again during
remote learning (April 2020 to August 2020) (n = 27, one
participant withdrew). For a subset (n = 15), we measured
sleep for one week during in-person learning, with the sec-
ond week collected during school vacation (23 to 27 March
2020), which was moved earlier than anticipated as part of
the state government COVID-19 response. Another sample
(n = 31) were enrolled during remote learning (14 April to 14
August 2020), and so have no in-person baseline.

Each timepoint consisted of one to two weeks of at-home
daily measurements of sleep-wake timing and school atten-
dance, and an online set of questionnaires. Due to the design
of the broader longitudinal study, circadian phase (salivary
dim light melatonin onset; DLMO) was measured in the
first wave of data collection for each group of participants
(for n = 12 during in-person school, n = 15 during vacation,
n = 30 during remote learning) (Figure 1).

2.3 | Sleep-wake timing

Sleep was measured using actigraphy (GENEActiv Original,
Activinsights), with the device worn on the nondominant
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Study starts State of
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i November 2019 - March 2020 i
E School term 4 &1 E March 2020

April 2020 - August 2020
Schoolterm2 &3

IN-PERSON LEARNING n=28

VACATION n=15

REMOTE LEARNING n=58

Group 1 n=12
Group 2 n=16*

Group 1 n=12 (repeat assessment)

Group 2 n=15 ——  — Group 2 n=15 (repeat assessment)

Group 3 n=31**

1-2 week actigraphy
+sleep diary

DLMO (group 1 only)

PROMIS Depressive
Symptoms, Anxiety
ESS-CHAD

FIGURE 1

1 week actigraphy +
sleep diary

DLMO (group 2 only)

2 week actigraphy +
sleep diary

DLMO (group 3 only)

PROMIS Depressive
Symptoms, Anxiety
ESS-CHAD

Protocol and data collection timing. Data were collected as part of an existing longitudinal cohort trial in Australia, with repeated

assessments in 6-month waves. Group 1 was monitored during in-person school and during remote learning. Group 2 commenced data collection

during in-person school in March 2020, with their second week of at-home monitoring and circadian phase assessment conducted during vacation.

Group 3 was monitored during remote learning only. Due to the design of the longitudinal study, circadian phase (salivary dim light melatonin

onset; DLMO) was measured in the first wave of data collection for each Group. DLMO was measured for Group 1 during in-person learning, for

Group 2 during vacation, and Group 3 during remote learning. Abbreviations: DLMO, dim light melatonin onset; ESS-CHAD, Epworth Sleepiness

Scale Child and Adolescent version. Note: * one participant in Group 2 was monitored during in-person and remote learning, but not during

vacation. Another participant withdrew from the study prior to the remote learning assessment. ** one participant in Group 3 did not complete the

DLMO assessment

wrist. Sleep episodes were confirmed using sleep diaries
administered via mobile phone app (Metricwire Inc). These
sleep diaries were completed daily, reporting on the previ-
ous night of sleep, and were available for completion from
06:00 hours to 23:59 hours each day. Notifications and SMS
reminders were used to improve compliance.

2.4 | Circadian phase

Circadian phase was measured using salivary DLMO.
Participants collected hourly saliva samples from 4 hours be-
fore to 2 hours after their average sleep onset time, calculated
from one week of sleep diaries. For 12 participants, samples
were collected in the laboratory during in-person learning,
under dim light conditions (<3 lux). For the remaining 45 par-
ticipants, due to lockdown restrictions that prevented bring-
ing participants into the laboratory, samples were collected
in the participants' homes (n = 15 during vacation, n = 30
during remote learning). The at-home collections were fa-
cilitated by videoconference where researchers prompted the
collection of every sample and ensured protocol compliance,
including the continuous dim light conditions. Participants
were provided with plastic welder's goggles fit with neutral
density filters (209 Neutral Density Filter, LEE; measured
incoming light <1 lux in room lighting of 500 lux) to ensure
dim light was maintained during toilet visits. Participants re-
mained seated, without food or drink, for 20 minutes prior
to each sample. During internal testing in a dark room, we

found that to maintain photopic illuminance at eye-level <3
lux, devices in the room must be kept at least 1 meter away,
with a blue light filter installed, and brightness set to the low-
est setting. This set up was confirmed with participants, and
compliance monitored via videoconference throughout the
collections. Samples were stored in the participant's home
freezer overnight and transported the following day to be
stored in the laboratory at —20°C.

Melatonin concentration was assayed via radioimmu-
noassay, conducted using procedures developed at the
University of Adelaide®” and reagents provided by Buhlmann
Laboratories (Allschwil). Limit of detection of the assay is
1 pg/mL.

2.5 | Questionnaires

Depression and anxiety symptoms were assessed using the
PROMIS Pediatric Depressive Symptoms, and Anxiety
scales (both CAT v2.0), respectively. Both PROMIS
Pediatric scales provide a standardized t-score, which have a
population mean of 50, and standard deviation of 10. Daytime
sleepiness was measured using the Epworth Sleepiness Scale
for Children and Adolescents (ESS-CHAD).24 Perceived
stress was measured using the 10-item Perceived Stress Scale
(PSS).” The School Sleep Habits Survey26 measured sleep
habits, diurnal preference, and school behaviors, includ-
ing commute to and from school. A COVID-impact survey
was used to monitor lockdown restrictions, symptoms, and
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whether any household members had been tested or diag-
nosed with COVID-19. Surveys were administered online
via REDCap.27’28
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2.6 | School attendance

Each day, participants reported whether they attended school
or participated in remote learning. If in remote learning,
participants reported any differences in school hours com-
pared to their usual in-person school schedule. Daily school
attendance was used to categorize daily sleep data into the
following conditions: in-person learning, remote learning, or
vacation. Daily data for in-person and remote learning groups
were further sub-categorized as either a school day or free
day (including weekends and administrative/student-free
days).

2.7 | Data analysis

Sleep onset and wake times were derived using R Version
3.6.1% with the package GENEActiv and GENEA Data
(GGIR™), using the sleep diary as a guide. When a sleep
diary was not available (n = 93 days, 7.5%), the sleep episode
was detected using the HDCZA algorithm.3 ' When there
were discrepancies of >30 minutes between GGIR and the
sleep diary, two independent researchers visually inspected
raw activity and light data. Sleep onset time was modified
if reported sleep onset time was >30 minutes before or after
a sustained substantial reduction in activity and light lev-
els, and wake time was modified if reported wake time was
>30 minutes before or after a sustained substantial increase
in activity and light levels. Self-reported naps were not in-
cluded in this analysis due to the low nap frequency (1.5% of
all days) and lack of substantial differences in nap frequency
between conditions (in person: n = 7 naps from 7 partici-
pants, mean duration = 0.84 hours; remote: n = 11 naps from
9 participants, mean duration: 1.14 hours).

DLMO time was calculated using linear interpolation
across timepoints before and after salivary melatonin concen-
tration increased to, and remained above, a fixed threshold
of 4 pg/mL.* Phase angle on school days was calculated as
the time between DLMO and average sleep onset time (sleep
onset phase angle) and between DLMO and average wake
time (wake phase angle).

2.7.1 | Primary analyses

Visual checks of q-q plots for normality were conducted for
all models to ensure no major violations of normality. Linear

mixed models were used as they are robust to violations of
normality, differences in sample size and missing data.*®
Linear mixed models (“fitlme” function, MATAB R2018b)
were used to examine the effect of school mode on daily
sleep onset time, wake time, and sleep duration. Each model
included a fixed effect for school mode, incorporating school
days vs free days (5-factor variable: in-person school days,
in-person free days, remote-learning school days, remote-
learning free days, and vacation), with participant as a random
effect. Post hoc comparisons examined differences between
each fixed effect, with Bonferroni corrections for multiple
comparisons applied to each outcome variable. Linear mixed
models were used to examine the effect of school mode
(in-person vs remote) on mood (depressive symptoms and
anxiety) and daytime sleepiness (ESS), with participants as
a random effect.

2.7.2 | Secondary analyses

Mediation analysis (R “lavaan” package34) was used to ex-
plore whether sleep variables (sleep onset, wake time, sleep
duration) mediated the effects of school mode on mood out-
comes that differed significantly between school modes.
Between-subjects ANOVAs (“anoval” function, MATLAB
R2018b) were used to compare DLMO time and phase angles
across school modes (in-person, remote learning, vacation).
Power analyses for these between-subjects comparisons indi-
cated that we were well powered to detect a 30-minute differ-
ence in DLMO time between school conditions (80% power).
Pearson's correlations were used to examine the associations
of DLMO time with average sleep onset and wake times on
school days and free days, during in-person learning, remote
learning, and vacation, respectively.

3 | RESULTS

Participant characteristics are reported in Table 1. In our
sample, school started on average at 8:49 + 0:18 (range 8:00
to 9:35) hh:mm and ended at 15:12 + 0:13 (range 14:30 to
15:50) hh:mm. 98% (57 of 58) of students reported no change
in their usual scheduled school times during remote learning.

3.1 | Sleep is later and longer during remote
learning compared to in-person learning

On school days during remote learning, students on aver-
age went to sleep 26 minutes later (P < .0001) and woke
49 minutes later (P < .0001), resulting in a 22 minutes in-
crease in sleep duration (P < .0001), compared to in-person
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school days (measured via actigraphy; Figure 2, Table 2).
These findings remained consistent when we restricted the
sample to only participants who provided longitudinal data
from both in-person and remote learning, with sleep-wake
timing delaying, and sleep duration increasing during remote
learning (n = 27; Table S1).

3.2 | Sleep on school days was
earlier and shorter compared to free days in
both remote and in-person learning

As expected, students went to sleep later, woke later, and
slept longer during free (nonschool) days compared to school
days, in both learning conditions (In-person: slept 35 minutes
later, woke 65 minutes later, slept 30 minutes longer on free
days; Remote: slept 33 minutes later, woke 51 minutes later,
slept 18 minutes longer on free days, all P < .0001; Figure 2,
Table S2).

3.3 | Sleep during vacation was similar to
free days

There were no significant differences in sleep onset, wake
onset, and sleep duration during vacation compared to free
days during both in-person and remote learning (Table S2).
Sleep onset and wake onset times were significantly later,
with moderate to large effect sizes, but sleep duration
was not significantly changed during vacation compared
to school days during both in-person and remote learning
(Figure 2).

3.4 | Students woke at a later circadian
phase during remote learning

There was large inter-individual variability in DLMO time
in all conditions (range 19:07-22:21 hours during in-person
learning, 18:45-22:40 hours during remote learning, and
18:09-22:45 hours during vacation). Average DLMO time
did not differ significantly between school modes (in-person,
remote, vacation; F[2,55] = 0.28, P = .76), with small pair-
wise effect sizes (in-person vs remote learning d = 0.11,
in-person vs remote learning d = 0.26, remote vs vacation
d=0.18).

The time between DLMO and wake time (ie, phase angle)
on school days, however, was significantly shorter during
in-person learning (M + SD = 10:19 + 1:12 h:mm), com-
pared to remote learning (M + SD = 11:16 + 0:45 h:mm,
d = 0.9) and vacation (M + SD = 11:37 + 1:19 h:mm,
d = 1.02) with large effect sizes, showing that students
woke at a significantly later relative circadian phase
during remote learning and vacation, compared to during
in-person learning (Figure 3B). The phase angle between
DLMO and sleep onset did not differ significantly between
conditions (in-person, remote, vacation: F[2, 54] = 2.57,
P =41).

Later DLMO was significantly correlated with later sleep
onset and wake times on both school nights and free days
during remote learning (Figure 3C-F). DLMO was not asso-
ciated with sleep time or wake time during in-person learning
(all P > .33); there was a nonsignificant trend in the vacation
group for the association of DLMO with sleep times (r [95%
CI] = 0.49 [-0.03, 0.80], P = .06) and wake times (r [95%
CI] =0.41[-0.13,0.76], P = .13).

T s —
@ — ® © —
_ Y /T .
124 .—: 12 i
4
= 111 5 °
< —_—
= @ < 101
5 E 24 ° £ g
2 104 = E
3 . :
S o S o % 84
8 8 S
@ 8 221
6-
71 = °
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P R P R Vacation P R P R Vacation P R P R Vacation
School Days Free Days School Days Free Days School Days Free Days

FIGURE 2 Differences in sleep duration and timing during in-person and remote learning. Box plots for sleep duration (A), sleep onset

time (B), and wake time (C) are shown for school days and free days during in-person (IP; n = 28) and remote (R; n = 58) learning, and during

school vacation (n = 15), with Tukey-style whiskers. Linear mixed models were used to compare conditions, with participant as a random factor.

Horizontal blue lines indicate significant group differences: dashed lines indicate P < .05, solid lines indicate P < .001. Group mean is indicated by

a plus symbol. See also Table S2
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TABLE 2 Sleep outcomes assessed each day on school days
and free days during in-person, remote learning, and vacation (fixed
effects), with participant (n = 59) as random effect. Data for other
conditions are presented as relative to the mean during in-person
school days (“Reference”)

Lower  Upper
1] CI CI P
Sleep onset time (hh:mm)
Reference: In-person ~ 22:08 21:51 22:24
school day
In-person free day 0:35 0:23 0:46 <.0001
Remote school day  0:26 0:17 0:34 <.0001
Remote free day 0:59 0:49 1:08 <.0001
Vacation 0:57 0:40 1:13 <.0001
Wake time (hh:mm)
Reference: In-person  6:50 6:39 7:02
school day
In-person free day 1:05 0:54 1:16 <.0001
Remote school day  0:49 0:41 0:57 <.0001
Remote free day 1:40 1:31 1:50 <.0001
Vacation 1:20 1:04 1:36 <.0001
Sleep duration (hh:mm)
Reference: In-person ~ 8:42 8:29 8:55
school day
In-person free day 0:30 0:16 0:43 .0002
Remote school day ~ 0:22 0:12 0:32 <.0001
Remote free day 0:41 0:29 0:52 <.0001
Vacation 0:23 0:04 0:43 18

Note: Table shows unstandardized coefficients (§) in h:mm time, lower and
upper 95% confidence intervals in h:mm time, and P-values, with significant
values in bold. Comparisons are made to the in-person school day mean.
Multiple post hoc comparisons were run to examine differences between each
fixed effect (see also Table S2). Daily sleep timing was measured using wrist
actigraphy. 1196 sleep entries were included in the model, with 5 fixed effects
coefficients, and participant as a random effect. P-values indicate whether the
metric is significantly different from zero.

3.5 | Lower anxiety symptoms and less
daytime sleepiness during remote learning
compared to in-person learning

Self-reported anxiety and depressive symptoms were within
the normal to mild symptom range on average in both in-
person and remote learning conditions® (Table 1). Anxiety
symptoms were significantly lower during remote learning
compared to in-person learning, with a moderate effect size
(Figure 4A) that exceeds established thresholds for a mini-
mally important difference.® This was observed using a
linear mixed model, with school mode as a fixed effect and
participant as random effect (f [95% CI] = —3.52 [-6.04,
—1.00], P = .007, d = 0.44), and in the repeated measures
sample using a paired samples ¢ test (f [22] = —3.059, 95%

Cls [-6.74, —1.29], P = .006, d = 0.64). We further exam-
ined the change in anxiety symptoms by testing mediation
models for each sleep and sleepiness parameter (ie, sleep
duration, sleep onset, wake time) in the repeated measures
dataset (n = 27). In each case, the indirect effect was null (all
P > .15), indicating that changes in anxiety symptoms were
improved due to not being at school and learning at home,
rather than changes in sleep or daytime sleepiness.

Higher anxiety symptoms were associated with higher
perceived stress during both school modes (in-person n = 28,
r [95% CI] = 0.66 [0.38, 0.83], P < .001; remote n = 55, r
[95% CI] = 0.68 [0.51, 0.80], P < .001), and the observed
change in anxiety was associated with the observed change
in perceived stress (n = 24, r [95% CI] = 0.63 [0.30, 0.82],
P = .02). No significant differences in reported depressive
symptoms were observed between in-person learning and re-
mote learning conditions (f [95% CI] = 1.28 [—1.04, 3.59],
P = .28, d = 0.19; Figure 4B), with the average scores for
both conditions similar to population norms (Table 1).

Daytime sleepiness (ESS) was significantly lower during
remote learning (p [95% CI] = —0.97 [-1.86, —0.09],
P =.03,d =0.31; Figure 4C). We observed a small, signifi-
cant reduction in ESS score during remote learning compared
to in-person in the repeated measures sample (¢ (25) = —2.08,
P = .048, d = 0.3). No sleep variable (sleep duration, sleep
onset, wake time) mediated the change in daytime sleepi-
ness between in-person and remote learning conditions (all
P> 27).

4 | DISCUSSION
Multiple beneficial changes were observed in sleep and mood
measures on school days when early adolescents engaged in
remote learning during the COVID-19 pandemic lockdown,
compared to in-person learning before the lockdown. While
school start and end times generally did not change, partici-
pants required less time to prepare and did not have commute
to and from school during remote learning. Our findings sup-
port the hypothesis, which has been a topic of theoretical
debate,37 that if more time is provided before school in the
morning, adolescents will use some of it for sleep. Sleep oc-
curred at a later circadian phase during remote learning; this
phase was at a more appropriate phase angle with the later
circadian timing observed in teenagers.38 We also observed
a moderate reduction in anxiety symptoms associated with
the change to remote learning, which was related to reduced
perceived stress but not specifically to changes in sleep.
During remote learning, sleep and wake times were later,
and sleep duration was longer, with largest effect sizes ob-
served for differences in wake time. This is consistent with
survey studies of adolescent sleep during COVID-19 in the
United States and Italy,l(”19 and with studies examining
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home-schooled children,15 or delayed school start times,
and in adults during similar COVID-19 lockdowns.
Adding to this literature, we found that on school days
during remote learning, compared to in-person learning,
adolescents slept in closer alignment with their endogenous
circadian rhythms. In particular, the phase angle between
DLMO and wake time was longer during remote learning
compared to in-person learning, meaning adolescents woke
at a later phase in the melatonin rhythm. Waking at an ear-
lier circadian phase, closer to the circadian nadir, is associ-
ated with poorer alertness and cognitive p<3rform21nce.42’43
During remote learning (unlike during in-person learning),
sleep timing was significantly associated with DLMO, in-
dicating that sleep times were more influenced by an indi-
vidual's circadian system than the imposed schedules. We
suggest, therefore, that later school start times or shorter
commutes would have positive effects on sleep timing and
duration, by permitting student to sleep at a more appro-
priate circadian time. We note that our average sleep onset

18 19 20 21 22 2 0
DLMO (h)

time on school days during in-person learning was consis-
tent with that observed in the same age group in the United
States.** Later (or flexible) school times may be expected to
primarily benefit older adolescents, who have substantially
delayed circadian timing.44’45 Yet, our findings indicate that
there are also benefits of extending sleep opportunity on
school days for early adolescents, who may be less delayed
in their circadian timing.

Our findings suggest potential benefits of learning from
home for adolescent mental health during lockdown. Self-
reported anxiety symptoms were reduced during remote
learning compared to (prepandemic) baseline, which was not
mediated by changes in sleep. The magnitude of the reduc-
tion in anxiety symptoms exceeded the threshold for a clin-
ically important difference,* suggesting the change would
have been noticeable to the students. Given that the state
of emergency associated with COVID-19 would be antici-
pated to increase anxiety in general, the observed change in
the opposite direction is probably attributable to changes in



STONE ET AL.

A * B C *
(A) 80- I . (B) 80- (©) 15- I !
[ ] @
7] [ )
O « .o . 5% |meo o T
o] aq o 10-
5 & 607 E § 601 §<10
o s hH 7 c L
g ('2 .......... ® 9 .................. %Q
<=2 sl 7> Q@ % 5
O 404 N O 40+ 7D -
X J_ o 1 =
Q gL °
a " 1
20 T T 20 T 1 T 1
In Person Remote In Person Remote In Person Remote

FIGURE 4 Changes between in-person and remote learning in (A) anxiety symptoms, (B) depressive symptoms, and (C) daytime sleepiness.
Box plots with Tukey-style whiskers are shown for each group. Group mean is indicated by a plus symbol. Individual datapoints are shown as

circles for each group, with a line connecting participants who had repeated measurements. Blue lines indicate significant group differences, where

* signifies P < .05

behaviors associated with lockdown, including the mode of
education and interactions with family and peers. This find-
ing is contrary to reported increases in negative and anxious
mood symptoms in young adult and adult populations during
the pandemic, for example,”**! potentially due to differences
in the experiences of adults and young adolescents, in recruit-
ment approaches, in geographical location, and instruments
used to measure anxiety. Remote learning may have contrib-
uted to reduced daily social stressors, including reduced so-
cial and extracurricular activities, leading to reduced stress
and anxiety.*® More time with caregivers could also have
reduced anxiety symptoms, via increased social support and
resilience.**

Limitations of the study should be noted. The study
may have lacked sufficient power to detect associations
between sleep timing and circadian phase during in-person
learning. Nevertheless, findings are consistent with pre-
vious work showing that relationships between sleep and
circadian timing are stronger on free schedules compared
to school term.*’ There were no repeated assessments
of circadian timing, limiting interpretations of potential
changes in circadian alignment with sleep. Nevertheless,
this study was well powered to detect changes in DLMO
time of 30 minutes or more between conditions. Repeated
measurements of sleep timing and duration, as well as
mood outcomes, were only available in a subsample of
participants (n = 27) who had been tested prior to the
COVID-19 pandemic. This limited our statistical power to
observe small changes in some outcomes (eg, depression).
In addition, while our sample experienced strict and pro-
longed periods of lockdown, they were from moderate-to-
high socioeconomic backgrounds with adequate resources
to support learning from home, and we excluded partici-
pants with a diagnosed psychiatric or neurodevelopmental

disorder. The sample may not be representative of adoles-
cents in families experiencing more substantial economic
and health impacts of the COVID-19 pandemic, or adoles-
cents with neurodevelopmental or psychiatric disorders.
Most participants were within the normal range of anxi-
ety symptoms, meaning our findings may not generalize
to individuals at higher risk of psychological distress.
While this study showed positive outcomes for sleep and
mood associated with remote learning during lockdown,
we acknowledge this does not provide a holistic view of
remote education. We did not, for example, measure stress
or burden on parents associated with remote learning. It is
unclear how this period of remote learning during the pan-
demic may relate to long-term sleep habits and academic
outcomes, or how the reduced interpersonal interactions
may impact social development. Longitudinal studies are
needed to investigate the long-term impacts of remote
learning.

Our findings point to a silver lining of remote learn-
ing during lockdown related to the COVID-19 pandemic:
Adolescents had more sleep and less self-reported anxiety.
When the need to travel to/from school was removed, adoles-
cents slept later and longer and in closer alignment with their
circadian rhythms. These results suggest that there should be
greater focus on delaying the timing of activities in the morn-
ing, such as school commuting time and school start times, as
potential targets for interventions to increase sleep duration
in adolescents.
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