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Objective: In March 2020, the world experienced a global pandemic, which involved the shutdown of
schools or a transposition to remote teaching in most countries. The objective of the present study was to
investigate the impact of the COVID-19 pandemic related lockdown on sleep patterns and sleep quality in
adolescents and young adults.

Methods: An online survey was conducted in June 2020 with adolescents and young adults (n = 498)
aged 12—25 years. Participants had to answer questions on sleep, first retrospectively, referring to the
time prior to the pandemic, and then referring to the time during the pandemic.

Results: A pronounced shift towards later sleep combined with an increase in sleep duration was found
during the pandemic. However, these changes in sleep habits were more pronounced in adolescents than
in young adults and seem to occur mostly during weekdays compared to weekends. During the
pandemic, teens also reported an improvement in daytime sleepiness and subjective sleep quality, while
young adults reported an increase in sleep difficulties associated with sleep onset difficulties, nocturnal
and early morning awakenings, and nightmares.

Conclusions: The COVID-19 related lockdown seems to have had a beneficial effect on sleep in adoles-
cents. In young adults, benefits are not as obvious. These results support that later school start times
would be beneficial for adolescents. However, in young adults it could be important to investigate the
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effects of other situational or interindividual factors (stress, lifestyle habits, employment, etc.).

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

In the spring of 2020, the world experienced a global pandemic,
which involved strict social distancing rules along with the shut-
down of schools and universities or a transposition to remote
teaching in most countries [1,2]. Consequently, a large proportion of
adolescents and young adults found themselves with greater flex-
ibility in their sleep schedules, whether it was from later school
start times, a reduction in commute time and extracurricular ac-
tivities, or other factors caused by the imposed restrictions related
to the pandemic [3—7]. In this regard, studies have shown that
delaying school start times have benefits such as an increase in
sleep duration and sleep satisfaction, a decrease in daytime sleep-
iness, attention difficulties and depressive symptoms, as well as an
improvement in motivation and academic performance in adoles-
cents [8—11]. However, despite these evidences, a vast majority of
high schools are still maintaining early school start times [12,13].

The unique context caused by the lockdown associated with the
pandemic is therefore an opportunity to study the impact of a more
flexible schedule on sleep in adolescents and young adults during
the school year.

Recent studies measuring the impact of the pandemic on sleep
in adults showed mixed results during the pandemic. Adults went
to bed later, woke up later, took more naps, but slept less at night,
increased their sleeping pill consumption, reported poorer sleep
quality as well as being less satisfied with their sleep during the
pandemic [14,15]. This was accompanied by higher levels of psy-
chological distress, such as anxiety and depressive symptoms
[14,16—18]. Other studies in adults have shown that feelings of
loneliness and a perception of low social support during the
pandemic were associated with poor sleep quality and increased
sleep difficulties [19,20]. In young adults, results are similar with
later bedtimes, later wake times, but with longer sleep duration
during the pandemic [7,21]. Studies also showed significant
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changes in lifestyle habits in young adults during the pandemic,
such as spending less time engaging in physical activity and
increasing their screen time, which significantly impacts their sleep
[7]. On the other hand, longer sleep onset latencies, poorer sleep
quality, increased insomnia symptoms and high prevalence of
sleep problems were found in young adults during the pandemic
[7,21,22]. Moreover, a recent study has showed a relationship be-
tween psychological factors and sleep during the pandemic,
depressive and anxiety symptoms predicting sleep quality in
young adults without any pre-existing diagnostic [23].

The shifts in sleep patterns and decreases in sleep quality have
also been shown in children, although the impact of the COVID-19
pandemic on sleep duration varies across studies in this population
[24—26]. To date, a few studies have been conducted specifically on
the impact of the pandemic on sleep in adolescents. Researches
show that during the pandemic, teens slept more, went to bed later,
got up later, improved their sleep quality and felt more refreshed
after sleep [27—30]. Other studies report on the other hand a high
prevalence of sleep problems and disrupted sleep quality during
the pandemic among this population [22,31—33]. Moreover, there
is an association between COVID-19 related worries and sleep onset
difficulties, difficulties maintaining sleep, and delayed sleep/wake
behaviors [34], yet teenagers report increased levels of anxiety
and depressive symptoms since the beginning of the pandemic
[35—37].

Adolescents are particularly vulnerable when it comes to sleep.
During puberty, their sleep patterns change and this impacts their
daytime functioning [38,39]. A recent study conducted on 35,821
adolescents showed that 55% of them did not get 8 h of sleep per
night [40]. However, experts recommend at least 8—10 h of sleep in
adolescents to maintain optimal daytime functioning [41—44]. Also,
teens between the age of 11 and 17 show a natural tendency to go to
bed later and wake up later as they grow older [45—47]. In this
regard, since it interferes with their natural rhythm, early school
start times have been associated with shorter sleep duration and
levels of daytime sleepiness similar to the ones observed in nar-
coleptics [48,49]. Moreover, social jetlag occurs when adolescents
tend to sleep more and delay their sleep on weekends, which leads
to the adoption of different sleep patterns during school days and
weekends [48,50]. Delayed sleep patterns and insufficient sleep
observed in adolescents often persist among young adults [51]. A
study showed that college students report important sleep delays
in their bedtimes and wake times and have short sleep duration
because of school hours [51,52]. Freshmen students are getting less
sleep than their older peers, and senior students report longer sleep
onset latencies on weekdays than younger students [52]. It's around
the ages of 20—22 years old that the chronotype reaches its peak
and then, in the following years, tends to reverse to an earlier type
[53]. Studies show that sleep difficulties, daytime sleepiness and
dissatisfaction with sleep are still present in early adulthood
[54,55].

The COVID-19 pandemic restriction measures and shutdown of
schools or remote teaching has freed a vast majority of youth from
the constraints of getting up early in the morning to attend school
and has given them more flexibility in their daily schedules. The
objective of this study was to assess the impact of the pandemic
related lockdown on sleep in adolescents and young adults. We
hypothesized that sleep habits would shift to a later time and sleep
quality would improve during the lockdown as teenagers and
young adults would be able to adopt a schedule closer to their
natural sleep rhythm. We expected changes to be more important
in teenagers than in young adults, since sleep disturbances and the
sleep debt are more predominant in this age group [56,57]. We also
expected changes in sleep habits to be more pronounced during
weekdays than weekends, since school start times have been
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known to be a major determinant of sleep schedule during week-
days, and sleep habits are usually already more aligned with per-
sonal preferences on weekends under normal circumstances
[48,58,59].

2. Methods
2.1. Participants

A total of 583 adolescents and young adults completed an
anonymous online survey made available in the Province of
Québec, Canada. They were recruited by email and through social
media (eg Facebook, university website) and informed consent was
obtained before entering the survey. Participants with missing data
on items analyzed in the current study were excluded. A final
sample of 498 adolescents and young adults aged between 12 and
25 years old (22.6% boys and 76.3% girls; mean age = 18.17 + 3.72
years old) was obtained. This study was approved by the ethics
committee of the Université du Québec en Outaouais.

2.2. Procedure and measures

In the province of Quebec, Canada, the state of emergency and
the lockdown were declared on March 13th, 2020 [60]. The gov-
ernment of Québec rapidly implemented severe restrictions in the
first month of the pandemic, imposing a closure of public places
(casinos, gyms, bars, public pools, arenas, ski centers, theaters, etc.),
of restaurants, daycare, shopping centers, hair salon and other
business that were not essential. Also, any inside or outside gath-
erings of people and traveling between different geographic re-
gions was prohibited. All elementary, middle and high schools, as
well as colleges and universities were closed during the first month
of the pandemic. The mid-point of the first wave was reached
around the end of April 2020 [60]. At the beginning of May 2020,
many restrictions measures persisted, but they were more flexible.
Schools, colleges and universities were allowed to reopen under
special conditions. Daycare, specific businesses, public librairies
and parks were also reopened. In June, more restrictions were lifted
on business, sports activities, and social distancing rules allowed for
small gathering of a maximum of 10 people from 3 families. The
end of the first wave was reached in July 2020 [60]. Once the
government decreed that schools could reopen in May, most col-
leges and universities resumed their activities by switching to on-
line teaching in either synchronous or asynchronous mode. Middle
and high schools had to adapt to their younger population, some
institutions choosing to alternate between in-class (with severe
distancing rules and only a few hours per week) and remote
teaching, but the majority adopting online class, either in asyn-
chronous or in synchronous mode. For the majority of teens and
young adults in school during May and June 2020 attending school
in Québec involved mostly remote teaching and personal work at
home.

The survey was administered in French, using Lime Survey, from
June 3rd to July 3rd, 2020. Participants were asked to answer
questions on sleep, lifestyle habits (home-made questions), and
emotions (Differential Emotions Scale IV, [61]), retrospectively,
referring to the time prior to the COVID-19 pandemic and lockdown
situation and then, a second time referring to the time during the
pandemic and lockdown situation. Specific instructions were given
to participants to give answers that best estimate the majority of
nights and days during the past month. They also had to complete a
resilience questionnaire (Connor-Davidson Resilience Scale-10,
[62]) and the reduced Morningness and Eveningness Question-
naire (rMEQ, [63]). Sleep was assessed using questions derived
from the Pittsburgh Sleep Quality Index (PSQI) [64]. In order to



L. Ramos Socarras, J. Potvin and G. Forest

verify the changes in sleep patterns during weekdays and week-
ends separately, questions were adapted accordingly. In order to
shorten the survey, only specific questions on sleep habits, sleep
quality and sleep difficulties were integrated in the survey. It took
about 20 min to complete all questions.

Only data regarding sleep habits, sleep quality and sleep diffi-
culties are reported in the present study. Dependant variables for
sleep habits were the self-reported bedtimes and wake times hours,
and the self-reported subjective sleep onset latencies and subjective
sleep durations in minutes for both weekdays and weekends.
Dependant variables for subjective sleep quality, excessive daytime
sleepiness, and sleep difficulties associated with sleep onset diffi-
culties, awakenings and nightmares were scores obtained on indi-
vidual questions that were evaluated on a Likert scale.

2.3. Statistical analyses

Participants were divided into four age groups according to
grade levels in Canada: 1) 12—14 years old (beginning of secondary
school, which is the equivalent of middle school in the US, n = 108;
23% boys and 74.6% girls), 2) 15—17 years old (end of secondary
school, which is the equivalent of high school in the US, n = 141;
19.6% boys and 79.8% girls), 3) 18—21 years old (college and un-
dergraduate university students, n = 130; 22.8% boys and 76.6%
girls), and 4) 22—25 years old (undergraduate, graduate university
students and employed young adults, n = 118; 25.7% boys and
73.5% girls). There were more female participants in the sample, but
there were no significant differences in the distribution of boys and
girls between the four age groups (x? (3) = 1.642, p = 0.650). Three-
way repeated measures ANOVAs COVID-19 (Pre vs During the
pandemic) X Week (Weekdays vs Weekends) X Age Groups (12—14;
15 to 17; 18 to 21; 22—25 years old) were calculated for bedtimes,
wake times, sleep onset latency, and sleep duration. Two-way
repeated measures ANOVAs COVID-19 (Pre vs During the
pandemic) X Age Groups (12—14; 15 to 17; 18 to 21; 22—25 years
old) were calculated for subjective sleep quality, excessive daytime
sleepiness, and sleep difficulties associated with sleep onset diffi-
culties, with nocturnal and early morning awakenings, and with
nightmares. Post-hoc paired t-tests with Bonferroni's correction
were used to identify the significant differences. All statistical an-
alyses were performed using SPSS Statistics (version 27.0).

3. Results
3.1. Sleep habits variables

Normality and sphericity assumptions were met for all sleep
habits variables. For the post-hoc analyses, a Bonferroni correction

was applied, and statistical significance was considered at
p < 0.00625.

Table 1
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Results for bedtimes show significant main effects of COVID-19,
Week and Age Groups, but also significant interactions COVID-19 X
Week and COVID-19 X Age Groups (see Tables 1 and 2). Post-hoc t-
tests revealed that participants went to bed, on average, 1 h 13 min
later during the pandemic on weekdays (t (496) = 19.15, p < 0.001,
d = 0.82) and 31 min later on weekends (t (490) = 9.46, p < 0.001,
d = 0.33). Therefore, the pandemic had a greater impact on week-
days bedtimes in all participants (see Table 2). Moreover, results
show that during the pandemic, participants aged 12—14 years old
(t(105)=9.85,p < 0.001,d = 0.78),15—17 years old (t (138) = 10.08,
p < 0.001, d = 0.78), 18—21 years old (t (128) = 8.81, p < 0.001,
d = 0.51), and 22—25 years old (t (116) = 4.76, p < 0.001, d = 0.38)
went to bed later during the pandemic. However, the younger the
participants were, the greater the difference was between before
and during the pandemic (see Table 2).

Results for wake times show significant main effects of COVID-
19 and Week, significant Week X Age Groups, COVID-19 X Week,
COVID-19 X Age Groups, and COVID-19 X Week X Age Groups in-
teractions (see Tables 1 and 2). These results suggest that the effect
of the pandemic was different between weekdays and weekends
across age groups (see Table 2) during the pandemic. Post-hoc
analyses revealed that adolescents aged 12—14 years old woke up
later both on weekdays (t (107) = 15.10, p < 0.001, d = 1.92) and
weekends (t (106) = 4.98, p < 0.001, d = 0.32) during the pandemic.
On the other hand, changes in wake times were only noted during
weekdays for the 15—17 years old (t (140) = 15.01, p < 0.001,
d = 1.66), 18—21 years old (t (129) = 10.45, p < 0.001, d = 1.16) and
22—-25 years old (t (117) = 9.21, p < 0.001, d = 0.87).

For sleep onset latency, significant main effects of Week and
Age Groups, and significant COVID-19 X Week and COVID-19 X Age
Groups interactions were found (see Tables 1 and 2). Post-hoc an-
alyses revealed that on weekends, participants took on average
3 min longer to fall asleep during the pandemic (t (493) = 2.92,
p = 0.004, d = 0.08), although the effect size of these changes is
very small, while there were no changes during weekdays (t
(496) = 0.51, p = 0.613). On the other hand, results showed that the
pandemic had a different impact across age groups. Indeed, there
was a significant increase in sleep onset latency during the
pandemic in the 22—25 years old (t (116) = 3.22, p = 0.002,
d = 0.27), but not in the 12—14 year olds (t (106) = —0.28,
p = 0.781), the 15—17 year olds (t (140) = —2.09, p = 0.038) and the
18—21 year olds (t (128) = 2.68, p = 0.008).

Subjective sleep duration analyses showed significant main
effects of COVID-19, Week and Age Groups, significant interactions
Age Groups X Week and COVID-19 X Week (see Tables 1 and 2).
Post-hoc comparisons showed that sleep duration was 1 h and
2 min longer on weekdays during the pandemic (t (495) = 14.63,
p < 0.001, d = 0.70), but no significant changes were found during
the weekend (t (493) = 0.95, p = 0.344). On the other hand, the
analyses also showed that sleep duration was longer on weekends
compared to weekdays in the 12—14 year olds (t (105) = 8.02,

Results for the tree-way repeated measures ANOVAs COVID-19 (Pre vs During the pandemic) X Week (Weekdays vs Weekends) X Age Groups (12—14; 15 to 17; 18 to 21; 22—25

years old) on sleep habits.

Bedtimes Waketimes Sleep onset latency Subjective sleep duration

df F p ny df F p ng df F p ng df F p n}
COVID-19 1,487 27695 <0.001 036 1,490 350.11 <0.001 042 1,490 3.67 0.056 0.01 1,489 97.57 <0.001 0.17
Week 1,487 423.85 <0.001 047 1,490 82295 <0.001 0.63 1,490 51.75 <0.001 0.10 1,489 279.81 <0.001 036
Age Groups 3,487 7.51 <0.001 0.04 3,490 0.50 0.685 0.00 3,490 4.23 0006 0.03 3,489 6.93 <0.001 0.04
Week X Age Groups 3,487 0.38 0.766  0.00 3,490 2.78 0.041 002 3,490 031 0820 000 3,489 2.79 0.04 0.02
COVID-19 X Week 1,487 14534 <0.001 023 1,490 47243 <0001 049 1,490 8.78 0.003 0.02 1,489 185,56 <0.001 0.28
COVID-19 X Age Groups 3,487 6.59 <0.001 0.04 3,490 7.01 <0.001 0.04 3,490 6.65 <0.001 0.04 3,489 1.70 0.167  0.01
COVID-19 X Week X Age Groups 3,487 1.38 0.247 0.01 3,490 7.05 <0.001 0.04 3,490 1.86 0.136 0.01 3,489 022 0.883  0.00
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Table 2
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Means and standard deviation (SD) of sleep variables before and during the COVID-19 pandemic.

Bedtimes Waketimes Sleep onset latency Subjective sleep duration
Weekdays Weekends Weekdays Weekends Weekdays Weekends Weekdays Weekends
Hours SD Hours SD Hours SD Hours SD Hours SD Hours SD Hours SD Hours SD
All participants
Before 10:24 1:12 11:30 1:31 7:03 1:09 9:22 1:35 0:37 0:40 0:30 0:36 7:42 1:25 9:06 1:41
During 11:37 1:43 00:02 1:44 9:02 1:46 9:36 1:41 0:37 0:41 0:33 0:39 8:44 1:32 9:10 1:40
12—14 years old
Before 9:44 1:05 10:49 1:31 6:37 0:47 9:12 1:43 0:48 0:44 0:40 0:45 8:01 1:32 9:29 1:43
During 11:14 1:53 11:41 1:54 9:10 1:43 9:45 1:46 0:45 0:44 0:41 0:45 9:15 1:39 9:43 1:43
15—17 year old
Before 10:21 1:02 11:32 1:20 6:48 1:03 9:28 1:39 0:42 0:44 0:34 0:40 7:36 1:22 9:16 1:45
During 11:46 1:38 00:08 1:37 9:04 1:38 9:33 1:37 0:35 0:41 0:31 0:37 8:32 1:26 9:09 1:49
18—21 year old
Before 10:39 1:09 11:49 1:37 7:17 1:09 9:27 1:28 0:29 0:34 0:22 0:28 7:38 1:32 8:56 1:44
During 11:49 1:47 00:15 1:48 9:03 1:50 9:40 1:33 0:35 0:40 0:29 0:37 8:44 1:36 9:05 1:38
22-25 year old
Before 10:46 1:16 11:44 1:25 7:29 1:20 9:20 1:29 0:28 0:34 0:24 0:27 7:34 1:10 8:45 1:25
During 11:35 1:32 00:01 1:34 8:53 1:52 9:28 1:49 0:36 0:39 0:33 0:36 8:27 1:23 8:45 1:19

p < 0.001, d = 0.74), the 15—17 year olds (t (140) = 9.35, p < 0.001,
d = 0.80), the 18—21 year olds (t (128) = 7.73, p < 0.001, d = 0.55),
and the 22—25 year olds (t (116) = 9.55, p < 0.001, d = 0.68), but the
difference between weekdays and weekends was greater in the
younger participants (see Table 2).

3.2. Sleep quality, daytime sleepiness and sleep difficulties

Sleep quality, daytime sleepiness and sleep difficulties results
are presented in Table 3 and Figs. 1-5. Normality and sphericity
assumptions were met for all variables. For the post-hoc analyses, a
Bonferroni correction was applied, and statistical significance was
considered at p < 0.01.

Results for subjective sleep quality show a significant main
effect of COVID-19 and a significant COVID-19 X Age Groups
interaction (see Table 3 and Fig. 1). Post-hoc analyses showed an
improved sleep quality during the pandemic, but this was only
significant in the 12—14 year olds (t (107) = 2.61, p = 0.01, d = 0.28)
and the 15—17 year olds (t (140) = 6.49, p < 0.001, d = 0.64). No
significant changes in subjective sleep quality were reported in the
18—21 year olds (£ (129) = 2.31, p = 0.022) and the 22—25 year olds
(t(117) = 0.23, p = 0.816).

Excessive daytime sleepiness analyses show a significant main
effect of COVID-19 and a significant COVID-19 X Age Groups
interaction (see Table 3 and Fig. 2). Post hoc t-tests show that
during the pandemic, there was an improvement in daytime
sleepiness in the 12—14 year olds (t (107) = —3.21, p = 0.002,
d = 0.34) and the 15—17 year olds (t (140) = —3.34, p = 0.001,
d = 0.35) but not in the 18 to 21 (£ (129) = —2.20, p = 0.03) and the
22—-25 year olds (t (117) = 0.23, p = 0.818).

Results for sleep difficulties associated with sleep onset diffi-
culties show a significant main effect of Age Groups and a signifi-
cant COVID-19 X Age Groups interaction (see Table 3 and Fig. 3).

Table 3

Post hoc analyses revealed that there were no changes in sleep
onset difficulties in the 12—14 year olds (t (107) = —1.60, p = 0.113),
the 15—17 year olds (t (141) = —1.55, p = 0.124) and the 18—21 year
olds (t(130) = 1.47, p = 0.145), while the 22—25 year olds reported a
significant increase in sleep difficulties associated with sleep onset
difficulties during the pandemic (t (117) = 4.31, p < 0.001, d = 0.37).

For sleep difficulties associated with nocturnal and early
morning awakenings, a significant main effect of COVID-19 was
found, post-hoc analyses showing an increase during the pandemic
(t (497) = 4.04, p < 0.001, d = 0.18; see Table 3 and Fig. 4). In
addition, exploratory analyses revealed that sleep difficulties
associated with nocturnal and early morning awakenings signifi-
cantly increased only for the 18—21 year olds (¢t (129) = 2.83,
p = 0.005, d = 0.19) and the 22—25 year olds (t (117) = 3.66,
p < 0.001, d = 0.35), and not for the 12—14 year olds (t (107) = 0.08,
p = 0.935) and the 15—17 year olds (t (141) = 1.72, p = 0.088).

Analyses on sleep difficulties associated with nightmares show
a significant main effect of COVID-19 and a significant COVID-19 X
Age Group interaction (see Table 3 and Fig. 5). Post hoc t-tests
revealed an increase in sleep difficulties associated with night-
mares, but only in the 18—21 year olds (t (129) = 3.04, p = 0.003,
d = 0.18) and 22—25 year olds (t (117) = 4.51, p < 0.001, d = 0.31),
while there were no significant changes in reported by the 12—14
year olds (t (107) = —0.25, p = 0.801) and the 15—17 year olds (t
(141) = 2.07, p = 0.041) during the pandemic.

4. Discussion

This study provides evidence of substantial changes in sleep in
adolescents and young adults during the first wave of the COVID-19
pandemic. During weekdays, participants showed a delay in their
bedtimes and wake times accompanied by an increase in sleep
duration. On the other hand, during weekends, there were almost

Results for the two-way repeated measures ANOVAs COVID-19 (Pre vs During the pandemic) X Age Groups (12—14; 15 to 17; 18 to 21; 22—25 years old) on subjective sleep

quality, excessive daytime sleepiness and sleep difficulties variables.

Subjective sleep quality Excessive daytime

Sleep onset difficulties

Noctural and early morning Nightmares

sleepiness awakenings
df F p ng df F p ng df F p n df F p nj df F p nj
COVID-19 1,493 30.82 <0.001 0.06 1,493 17.70 <0.001 0.04 1,495 2.02 0.156 0.00 1,494 15.79 <0.001 0.03 1,494 21.09 <0.001 0.04
Age Groups 3,493 1.82 0.142 0.01 3,493 0.90 0443 0.01 3,495 12.16 <0.001 0.07 3,494 047 0.702 0.00 3,494 032 0.809 0.00
COVID-19 X Age Groups 3,493 572 0.001 0.03 3,493 2.70 0.045 0.02 3,495 843 <0.001 0.05 3,494 229 0.078 0.01 3,494 4.01 0.008 0.02
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Fig. 1. Post hoc paired t-tests for subjective sleep quality before and during the
pandemic. ***p < 0.001; **p < 0.01. Error bars represent standard errors of mean
(SEM). Higher score means an improvement in subjective sleep quality.
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Fig. 2. Post hoc paired t-tests for excessive daytime sleepiness before and during the
pandemic. **p < 0.01. Error bars represent standard errors of mean (SEM). Higher score
means more excessive daytime sleepiness.
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Fig. 3. Post hoc paired t-tests for sleep difficulties associated with sleep onset diffi-
culties before and during the pandemic. ***p < 0.001, Error bars represent standard
errors of mean (SEM), Higher score means more sleep onset difficulties.
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Fig. 4. Post hoc paired t-tests for sleep difficulties associated with nocturnal and early
morning awakenings before and during the pandemic. ***p < 0.001; **p < 0.01, Error
bars represent standard errors of mean (SEM), Higher score means more nocturnal and
early morning awakenings.
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Fig. 5. Post hoc paired t-tests for sleep difficulties associated with nightmares before
and during the pandemic. ***p < 0.001; **p < 0.01, Error bars represent standard
errors of mean (SEM), Higher score means more nightmares.

no changes in sleep patterns during the pandemic. Moreover, our
results revealed significant differences in the impact of the
pandemic on sleep across age. First, changes in sleep habits and
sleep duration are more pronounced in teenagers than in young
adults. Also, despite the presence of changes in sleep patterns and
longer sleep duration in all participants, the adolescents were the
only ones to report improvements in daytime sleepiness and sub-
jective sleep quality, young adults reporting no changes during the
pandemic on these aspects. Furthermore, young adults reported
more sleep difficulties associated with longer sleep onset,
nocturnal and early morning awakenings, and with nightmares
during the pandemic, while there were no changes on these aspects
in adolescents.

Our results suggest that the changes in sleep that occur with the
COVID-19 pandemic seem to have beneficial effects on adolescents
aged 12—17 years old. However, beyond the age of 18, these benefits
are not as obvious. More interestingly, our results suggest that in
teens, the biological drive combined with the sleep disturbances
and omnipresent chronic sleep deprivation results in adolescents
having, during the pandemic, a tremendous need to recuperate a
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long-acquired sleep debt. Thus, the benefits of a longer sleep,
aligned with their circadian phase, outweigh the negative impacts
that could be caused by additional stress related to the pandemic.
Our results are also in accordance with other studies showing that
adolescents experienced a delay in their sleep during the COVID-19
pandemic, resulting in longer sleep durations [27,65], improved
subjective sleep quality and decreased daytime sleepiness [27].
Altogether, this suggests that when they are freed from environ-
mental constraints such as school start times, adolescents tend to
follow their natural rhythm, which leads to a delayed, more recu-
perative and longer sleep. This has also been reported by studies
comparing sleep during the summer and sleep during the school
year in teenagers [66,67]. Our results reinforce the importance of
bringing forward the debate on school start times and how to adapt
schedules to the needs of the adolescents. Delaying school start
time in youth can increase sleep duration and lead to increased
satisfaction with sleep, improved motivation and class attendance
as well as reduced daytime sleepiness, fatigue, depressed mood and
mental health concerns [10,68,69]. However, since the pandemic
has brought tremendous changes in the lifestyle of teens and young
adults, it is important to consider the fact that other factors could
explain or may have exacerbated these changes in sleep habits in
this population. In this regard, a significant reduction in physical
activity levels, increases in sedentary behavior as well as in screen
time have been reported in youth in various studies [31,65,70],
factors that have been associated with sleep quality in teenagers
[71,72]. This is consistent with the fact that despite an improve-
ment in sleep on several levels, adolescents aged 12—17 years old
still complain of high levels of sleep difficulties associated with long
sleep onset latencies before and during the pandemic, reporting
sleep latencies lasting around 40 min before as well as during the
pandemic. It could therefore be important to address sleep hygiene
in adolescents to properly frame personal time, especially evening
time, in order to optimize the benefits of a good night's sleep.

The age differences that were found in this study could be
modulated by interindividual or situational factors such as sex,
chronotype, resilience, employment, or other external factors. This
therefore implies that young adults’ sleep may possibly be more
impacted than the younger teens by individual characteristics and
by external stressors brought by the pandemic. For example, our
results might be explained in part by the fact that young adults are
already starting to experience more flexible schedules in college
and universities, therefore the sleep debt in this population could
be less pronounced. This is combined with a change towards an
earlier chronotype at the beginning of their twenties [73,74].
Consequently, stress, changes in lifestyle habits, employment and
other factors associated with the pandemic could be elements that
have a greater impact on sleep in young adults and prevent them
from fully benefiting from their new adopted sleep habits during
the pandemic. As such, a study showed that high levels of post-
traumatic stress disorder and COVID-19 related worry explained
poorer sleep quality in young adults during the pandemic [23].
Other studies in adults and young adults have also found increases
in nightmares during the pandemic [75,76]. Employment is another
factor that can affect sleep in youth and is generally more promi-
nent in young adults than in teenagers [77—80]. In this regard, it is
possible that young adults might have had to work more hours or
experienced more stress towards work during the pandemic
compared to young teenagers, and this could result in a decreased
sleep quality and increased sleep onset latencies and awakenings
[79—82]. Moreover, a recent survey found elevated levels of sub-
stance use in adults and young adults during the first wave of
COVID-19 [83], which is a lifestyle habit that has been associated
with sleep difficulties in this population [84—87].
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It is important to note that this study focused on the impact of
the COVID-19 lockdown on sleep during the first wave of the
pandemic, in the spring of 2020. During this period, remote
teaching and possible reduced school expectations lead to more
flexible and less restrictive schedules in adolescents and young
adults. However, strict social distancing rules and imposed isolation
may have caused significant psychological distress in many people.
In this regard, considering the benefits of sleep to mental health
and well-being, improvements in sleep observed in adolescents at
the beginning of the pandemic may have acted as a protective
factor. However, schools, colleges and universities have resumed
most of their activities in the Fall of 2020. Even though most of
them chose remote teaching or an alternating mode (alternate
between in-class and online class), the requirements and the
restrictive school schedules are mostly in line with what was
planned before the pandemic. Moreover, adolescents have now
experienced the cumulating stress, anxiety and social isolation
related to the pandemic for a year [88,89]. Consequently, without
the opportunity to allocate more time to sleep and thus benefit
from a good sleep, adolescents and young adults might be more at
risk for mental health issues. This is even more concerning
considering that young adults, despite an improvement in their
sleep duration and a better alignment with their natural rhythm,
were already reporting an increase in sleep difficulties at the
beginning of the pandemic. This raises important issues regarding
the identification of factors that may exacerbate sleep difficulties
during the pandemic in this population and, in turn, increase
vulnerability to mental health problems.

This study has several limitations. First, all data are subjective
sleep measures that are self-reported. Secondly, the data in this
research was collected through a cross-sectional design and part of
it was collected retrospectively, since participants had to remember
how they slept or felt before the pandemic. This could therefore
lead to recall bias in participants. Third, other factors that could
have been present before the pandemic were not assessed. Viral
infection was also not measured in this study. However, specific
instructions were given to participants to give answers that best
estimate the majority of nights and days during the past month,
thus hopefully minimizing the impact of any specific event in time.
It is also important to point out that our results don't allow any
causal relationship between the pandemic and sleep in youth, nor
can it explain entirely the differences between the adolescents and
young adults. Indeed, further research is needed to assess the
contribution of many other factors to changes in sleep in this
population. For example, the effect of chronotype, resilience, virus
infection, employment, lifestyle habits, psychological factors, etc.
could be investigated. The current study focuses on a general pic-
ture of the data, but does not exclude the presence of particular
profiles within the sample. For example, the presence of sleep
disturbances in youth is omnipresent and the pandemic has
brought its own set of challenges. Thus, it would be important to
investigate whether adolescents or young adults with particular
profiles, such as pre-existing sleep problems or otherwise, were
similarly affected by the pandemic. Also, we had equal distribution
of sex across our age groups. However, it could be interesting to
investigate if both boys and girls reported similar changes in their
sleep during the pandemic and if they benefit from these changes
in the same extent. Since the sample was comprised of only French
Canadians from the province of Québec, this could also limit the
generalizability of the results. Another important limitation is the
fact that sleep was measured using only specific and adapted
questions derived from the PSQI instead of the full original vali-
dated questionnaire. This was a choice the authors made in order to
minimize the risk of the teens and young adults dropping out of
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the survey due to its length, but also because it allowed them to
better estimate changes in sleep separately during weekdays and
weekends, which was not possible with the original version. Aside
from these limitations, this research provides valuable information
about sleep in adolescents and young adults during the pandemic
and helps us better understand how external factors may
contribute to sleep habits and sleep disturbances in youth.

5. Conclusions

The first wave of the COVID-19 pandemic in March 2020 has
caused many changes in sleep habits and sleep quality in adoles-
cents and young adults. Further research is needed to assess the
contribution of different modulating factors to these changes.
However, it is important to note that a vast majority of schools have
started again in the fall of 2020, with regular schedules. Therefore,
today's young people find themselves in a situation where they
have experienced the cumulating stress of the pandemic and
extreme social isolation for almost a year but are unable to benefit
from a good night of sleep as they did at the beginning of the
pandemic. This highlights the necessity of bringing forward the
debate of later school start times in adolescents in order to better
adapt schedules to their needs.
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