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1 | INTRODUCTION

Sincefirstappearingin Wuhan, Chinain December 2019, the coronavirus
(COVID-19) pandemic has caused widespread increases in stress (Salari
et al., 2020), a phenomenon likely to influence sleep (Akerstedt, 2006;
Van Reeth et al., 2000). Furthermore, efforts to mitigate the spread of

Summary

This study aimed to evaluate changes in sleep during the COVID-19 outbreak, and
used data-driven approaches to identify distinct profiles of changes in sleep-related
behaviours. Demographic, behavioural and psychological factors associated with sleep
changes were also investigated. An online population survey assessing sleep and men-
tal health was distributed between 3 April and 24 June 2020. Retrospective questions
were used to estimate temporal changes from before to during the outbreak. In 5,525
Canadian respondents (67.1% females, 16-95 years old: Mean + SD = 55.6 + 16.3 years),
wake-up times were significantly delayed relative to pre-outbreak estimates (p < .001,
’13 = 0.04). Occurrences of clinically meaningful sleep difficulties significantly increased
from 36.0% before the outbreak to 50.5% during the outbreak (all p < .001, g = 0.27).
Three subgroups with distinct profiles of changes in sleep behaviours were identified:
“Reduced Time in Bed”, “Delayed Sleep” and “Extended Time in Bed”. The “Reduced
Time in Bed” and “Delayed Sleep” subgroups had more adverse sleep outcomes and
psychological changes during the outbreak. The emergence of new sleep difficulties was
independently associated with female sex, chronic ilinesses, being employed, family re-
sponsibilities, earlier wake-up times, higher stress levels, as well as heavier alcohol use
and television exposure. The heterogeneity of sleep changes in response to the pan-

demic highlights the need for tailored interventions to address sleep problems.
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this virus have led to drastic changes in daily life. These factors are likely
to affect sleep patterns, a phenomenon that may have serious down-
stream impacts on physical and mental health. Since the pandemic is a
complex multifaceted situation, there is a need to investigate potentially
heterogeneous patterns of changes in sleep and how they may relate to

the psychological response to the pandemic.
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Early COVID-19 studies from Asia and Europe reported sleep distur-
bances in up to a third of their samples (Lin et al., 2020; Qiu et al., 2020;
Voitsidis et al., 2020). Increases in sleep complaints and hypnotic use
compared with population-based data collected before the pandemic
have also been observed (Beck et al., 2020). However, the COVID-19
pandemic may not affect everyone in the same manner. For example,
15.6% of older adults reported sleeping less than usual following the
pandemic, while 27.1% reported sleeping more (Emerson, 2020), sug-
gesting high inter-individual variability. Some aspects of confinement
could improve sleep (Bryson, 2020). Working or attending school from
home may result in more flexible schedules, which could possibly re-
lieve part of the social jet lag and sleep deprivation that previously af-
fected some individuals. This may be particularly true for those with a
predisposition to later sleep schedules, such as adolescents/younger
adults and people with evening chronotypes (Altena et al., 2020).
Inter-individual variability in sleep changes may also be influenced by
the degree to which people are engaging in maladaptive coping strate-
gies during the pandemic, including increased consumption of alcohol,
cigarettes and hypnotics, as well as more frequent screen time (Beck
et al., 2020; Stanton et al., 2020; Sun et al., 2020).

Furthermore, certain aspects of sleep might be affected differ-
entially by this pandemic. For instance, sleep quantity could increase
due to more flexible schedules, but sleep quality might deteriorate
due to the psychological distress associated with this global cri-
sis (Robillard et al., 2020). Accordingly, early findings from China
showed that insomnia symptoms increased despite prolonged time
in bed and total sleep time (Li et al., 2020), a finding that aligns with
the fact that increased sleep windows can lead to sleep fragmenta-
tion and poorer sleep quality (Grandner & Kripke, 2004). There is
thus a need to assess potential interactions between different sleep
features. Notably, changes in controllable sleep-related behaviours,
such as the time at which one chooses to go to bed, wakes up, and
the overall time spent in bed, may lead to changes in sleep quan-
tity and quality. Little is known about the different profiles of sleep
changes that may emerge during the pandemic, and their relation-
ship with demographic, behavioural and psychological factors.

The present study aimed to: (a) assess perceived changes in
subjective sleep patterns during the COVID-19 outbreak relative to
retrospective pre-outbreak estimates; (b) identify distinct profiles
of changes in sleep-related behaviours taking place during the out-
break and determine how they relate to sleep outcomes; (c) identify
factors associated with sleep changes during the outbreak; and (d)
determine if individuals with different profiles of sleep changes have
different psychological responses to the outbreak.

2 | METHODS
2.1 | Study design
An online longitudinal population survey including validated ques-

tionnaires and custom-built questions pertaining to the pandemic

was distributed between 3 Apriland 24 June 2020 via websites, social

media, and multiple organizations and hospitals across Canada (See
Supporting Information or ClinicalTrials.gov: NCT04369690). The
survey was available in both English and French, and was developed
and conducted following guidelines from the Checklist for Reporting
Results of Internet E-Surveys (CHERRIES; Eysenbach, 2004).
Retrospective questions were used to estimate perceived temporal
changes across two time referents: from “before the outbreak” (i.e.
in the last month before the outbreak) to “during the outbreak” (i.e.
in the 7 days prior to filling out the survey). Electronic informed con-
sent was obtained from each participant. This study was approved
by the Clinical Trials Ontario-Qualified Research Ethics Board
(Protocol #2131).

2.2 | Participants

The following exclusion criteria were used for the current report:
younger than 16 years old; shift worker; travelled to a different time
zone in the last 30 days; located outside of Canada; and missing data
for the main study outcomes.

2.3 | Measures
2.3.1 | Sleep

Respondents completed the Pittsburgh Sleep Quality Index (PSQl;
Buysse et al., 1989) to characterize sleep behaviour profiles (bed
and wake-up times, and the time spent in bed), sleep-onset la-
tency, total sleep time, sleep efficiency and global subjective sleep
quality. The Reduced Morningness-Eveningness Questionnaire
(rMEQ; Adan & Almirall, 1991) was used to estimate chronotypes.
Difficulties pertaining to sleep initiation, sleep maintenance and
early morning awakenings were rated on the first three items of
the Quick Inventory of Depressive Symptomatology (QIDS-SR16;
Rush et al., 2003; Soehner et al., 2014). Clinically meaningful sleep
difficulties were identified from these QIDS-SR16 items based on
the following thresholds: a score of at least two on the first item
(i.e. reflecting sleep initiation difficulties: “I take at least 30 min to
fall asleep, more than half the time”), a score of 3 on the second
and third items (i.e. reflecting sleep maintenance difficulties and
early morning awakenings, respectively: “| awaken more than once
a night and stay awake for 20 min or more, more than half the
time” and “I awaken at least 1 hour before | need to, and can't go
back to sleep”).

To characterize the discrepancy between behavioural sleep
schedules and circadian preferences, a circadian preference mis-
alignment index was calculated as the time difference between
the sleep midpoint based on the actual bed and wake-up times
reported on the PSQI, and the sleep midpoint based on preferred
bed and wake-up times reported on the rMEQ. Positive values
on this index indicate that the actual sleep schedule is later than

the preferred sleep schedule, whereas negative values indicate
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that the actual sleep schedule is earlier than the preferred sleep
schedule.

2.3.2 | Mental health

In addition to the QIDS-SR16 which was also used to assess de-
pression symptoms, respondents assessed stress levels on the
10-item version of the Perceived Stress Scale (PSS10; Cohen &
Williamson, 1988), and anxiety symptoms on the Generalized
Anxiety Disorder 7 (GAD-7; Spitzer et al., 2006; see Supporting
Information). For analyses pertaining to mental health, QIDS-SR16
scores were recalculated, while discarding the first three items (i.e.
the sleep items) to avoid circularity.

2.3.3 | Minimal clinically important difference
between the two time referents

For the PSQI and all mental health metrics, occurrences of minimal
clinically important differences between the pre-outbreak and out-
break time referents were calculated based on previously established
thresholds: difference of at least three points on the PSQI (Hughes
et al., 2009); 28.0% change on the PSS (Eskildsen et al., 2015); differ-
ence of at least four points on the GAD-7 (Toussaint et al., 2020); and
a 28.5% change on the QIDS-SR16 (Masson & Tejani, 2013).

2.4 | Statistical analyses

To address the first study aim, analyses of covariance with one re-
peated measure (pre-outbreak versus outbreak) were used to assess
changes in subjective sleep parameters, while controlling for age, sex
and the time elapsed since the pandemic declaration by the World
Health Organization (WHO). Occurrences of minimal clinically im-
portant differences on the PSQI were reported for the overall sam-
ple, and McNemar's tests were used to compare the proportions of
individuals who had new clinically meaningful sleep difficulties dur-
ing the outbreak relative to pre-outbreak estimates.

To address the second aim, K-means cluster analysis was used
to identify distinct profiles of changes in sleep behaviours taking
place during the pandemic (i.e. change scores calculated as outbreak
minus pre-outbreak values), based on three sleep parameters de-
rived from the PSQI: bedtime, time in bed and wake-up time. The
NbClust package in R was used to determine the optimal number
of clusters (Charrad et al., 2014). To validate the resulting clusters,
mixed ANCOVAs with one repeated measure (two time referents:
pre-outbreak versus outbreak) and one independent factor (cluster
subgroups) controlling for the time elapsed since the pandemic dec-
laration were run on the variables on which the clustering was based.
To determine how the resulting behavioural change subgroups iden-
tified from cluster analyses were affected by changes in sleep out-

comes during the outbreak, these subgroups were compared using

mixed ANCOVAs with one repeated measure (two time referents)
and one independent factor (behavioural change subgroups) while
controlling for the time elapsed since the pandemic declaration on
the following variables: sleep-onset latency, total sleep time, sleep
efficiency, total PSQI score, and the circadian preference misalign-
ment index. The proportion of individuals with new clinically mean-
ingful sleep difficulties and increased medication use were compared
across these subgroups with Chi-squared analyses.

To address the third aim, a multivariate logistic regression as-
sessed how the emergence of new clinically meaningful sleep diffi-
culties relates to: the time elapsed since the start of the pandemic,
demographic factors (i.e. age, sex and current chronic illnesses), ini-
tial sleep/circadian profile before the outbreak (self-reported diag-
noses of sleep disorders, initial level of sleep disturbances on the
PSQI, chronotype), changes in bedtime and wake-up time since the
outbreak relative to pre-outbreak estimates, current stress levels
(PSS), and social and behavioural factors known to influence sleep
[i.e. occupational status, family responsibilities (having children or
being the primary care giver of a person with a disability or chronic
iliness), living with others versus alone, alcohol consumption, and
the time spent doing physical activity or watching television]. Mann-
Whitney U test and Chi-squared tests were used to compare be-
havioural change subgroups in terms of demographic factors, initial
sleep profile before the outbreak, chronotypes, and social and be-
havioural factors known to influence sleep.

To address the fourth aim, Chi-squared tests were used to com-
pare the proportion of minimal clinically important worsening on
the PSS, GAD-7 and QIDS-SR16 between the behavioural change
subgroups.

For Chi-squared analyses, Cramer's V was used as an effect size,
with 0.10, 0.30 and 0.50 as the thresholds for small, medium and
large effect sizes, respectively (Kim, 2017). For all other analyses,
partial eta-squared (ng) was used to determine effect sizes with the
following thresholds: > 0.02 (small), > 0.13 (medium) and > 0.26
(large; Cohen, 1988). For all analyses, given the relatively large sam-
ple size and the risk of artificial p-value deflation (Lin et al., 2013),
only results with both a p-value < 0.050 and an effect size above
the following threshold (i.e. ;15 >0.02,V 20.01, B 2 0.01 or Cogen's

g 2 0.05) were interpreted as significant.

3 | RESULTS

3.1 | Global changes in subjective sleep parameters,
sleep difficulties and sleeping medication use

The study population included 5,525 respondents between 16 and
95 years of age (mean + SD: 55.6 + 16.3 years old) with 67.1% (3,705)
females and a median time elapsed since the pandemic declaration of
62 days (IQR: 12). Further sample characteristics are presented in Table 1.

Across the study population, there was considerable inter-indi-
vidual variability in subjective sleep parameters before and during the

outbreak (Table 2). On average, after controlling for age, sex and the



4 0f 12 Journal of

ROBILLARD ET AL.

Sleep @SVM

Research

TABLE 1 Characteristics of the study population at the time of the survey completion

General demographics
Time elapsed since the outbreak (days)
Age (years)

Biological sex (Females)
Ethnicity (Caucasian)
Education
University
College
No college
Family responsibilities
Has underage children

Primary caregiver

Socioeconomic, occupational and living situation

Total family income

< $30K

$30k-$100K

> $100K
Employed
Working from home®
Living with others

Health
Alcohol consumption (= 7 drinks per week)
Chronic illness®
Mental disorder diagnosis
Sleep

Any sleep disorder diagnosis
Insomnia
Sleep-related breathing disorder
Restless leg syndrome
Nightmare disorder
Circadian disorder
Hypersomnia
Chronotype

Morning type

Neither type

Evening type

Medication use

Sleeping aids (prescribed or over the counter)

Antidepressant

Anxiolytics and/or benzodiazepines

5,525
5,525
5,522
5,312
5,525

5,524
5,309

5,160

5,524
2,631
5,302

5,525
5,278
5,511

5,525
5,525
5,525
5,525
5,525
5,525
5,525
4,723

5,396
4,879
4,879

%Missing

0.0
0.0
0.1
3.9
0.0

<0.1
3.9

6.6

<0.1
2.5
4.0

0.0
4.5
0.3

0.0
0.0
0.0
0.0
0.0
0.0
0.0
14.5

2.3
11.7
11.7

Mean + SD or %
(frequency)

56.9 +13.4
54.6 +16.3
67.1(3,705)
88.3(4,692)

63.9 (3,531)
22.0(1,218)
14.0 (776)

64.2(3,546)
7.7 (408)

7.0 (360)

42.6 (2,199)
50.4 (2,601)
51.1(2,825)
69.4 (1,827)
76.1(4,207)

28.4(1,567)
68.8 (3,631)
29.2(1,610)

21.6(1,192)
6.1(338)
13.4 (740)
4.8 (265)
0.7 (39)

0.7 (36)

0.7 (39)

41.5(1,958)
46.1(2,179)
12.4 (586)

27.3(1,474)
22.1(1,078)
9.2 (447)

Note: Characteristics of the survey responders regarding general demographics, socioeconomic, occupational (*the question of whether one was
working from home was asked only to those who had stated that they were actively working), living situation, health (°e.g. hypertension, diabetes,

arthritis), sleep and medication use at the time of the survey completion.

SD, standard deviation.
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time elapsed since the start of the outbreak, there was a significant
28-min delay in wake-up times relative to pre-outbreak estimates
(F1,5,274 =2094,p < .001, n§ = 0.04). No other difference met the ad-
justed significance thresholds. Of the entire sample, 5.8% (n = 292) un-
derwent a minimal clinically important improvement on the PSQI, and
17.5% (n = 874) underwent a minimal clinically important worsening.

During the outbreak, there was a significant increase in the emer-
gence of clinically meaningful sleep difficulties pertaining to sleep ini-
tiation, sleep maintenance and early morning awakenings (all p < .001,
Cohen's g > 0.27; Figure 1). The proportion of individuals endorsing
any type of sleep difficulties increased from 36.0% (n = 1,988) before
the outbreak to 50.5% (n = 2,750) during the outbreak.

Across the entire sample, 8.0% (n = 433) of respondents re-
ported an increase in the frequency of sleeping medication use (pre-
scribed or over the counter) during the outbreak compared to before
the outbreak.

3.2 | Distinct profiles of changes in sleep behaviours
3.2.1 | Cluster validation

When searching for subgroups with consistent changes in sleep be-
haviours, a 3-cluster solution was found. After controlling for the
time elapsed since the start of the outbreak, significant time by clus-
ters interactions were found for all variables on which the cluster
analysis was based: bedtime (F2,5,256 =2,209.2, p < .001, r]f) =0.46),
wake-up time (Fz,s,zss = 2,609.7, p < .001, 11‘27 = 0.48), and time in
bed (F2,5,256 = 1,699.2, p < .001, 'If, = 0.39; Figure 2). One of the
clusters was characterized by no significant change in bedtime and
significantly later wake-up times (p <.001, ng =0.02) during the out-
break compared to pre-outbreak estimates, leading to a lengthening
of time in bed (p =.001, 11§ =0.03; “Extended Time in Bed” subgroup;
n = 3,515). Another cluster had later bedtimes (p <.001, :15 =0.03)
and earlier wake-up times (p = .001, '15, = 0.02), leading to a shorter

time in bed (p <.001, nf, = 0.08; “Reduced Time in Bed” subgroup;

n = 686). The last cluster had later bedtimes (p <.001, :15 =0.15)and
later wake-up times (p <.001, '1,3 = 0.21), with a small lengthening of
time in bed (p <.001, 'I§ =0.02; “Delayed Sleep” subgroup; n = 1,059).

3.2.2 | Changes in sleep outcomes across the
behavioural change subgroups during the pandemic

Significant time by behavioural change subgroup interactions were
found for sleep-onset latency (F, 5 5,5 = 109.3, p < .001, 11§ = 0.04),
total sleep time (F2,5,197 =297.5,p<.001, ﬂﬁ =0.10), sleep efficiency
(Fy 5197 = 167.8,p <.001,72=0.06), total PSQI scores (F, , 595 = 21.2,
p <.001, r[ﬁ =0.02) and the circadian preference misalignment index
(Fz,s,oos =2,848.6,p <.001, r,f) = 0.53; Figure 3). From pre-outbreak
estimates to current states during the pandemic, the “Extended
Time in Bed” subgroup had no significant change in any of these
sleep outcomes (p = .001, '1§ < 0.01). The “Reduced Time in Bed”
subgroup had a significant shortening of total sleep time (p = .001,
ﬂﬁ = 0.02) and no significant difference in any other sleep outcomes
(p = .010, '1,3 < 0.01). The “Delayed Sleep” subgroup had a significant
lengthening in sleep-onset latency, and no significant difference in
total sleep time, sleep efficiency or PSQI total scores (p > .021, 'Iﬁ
< 0.01). The “Delayed Sleep” subgroup also had a large increase in
the circadian preference misalignment index (p < .001, nf' = 0.24).
Specifically, before the outbreak, their actual sleep schedules were
earlier than their preferred schedules but, during the outbreak, their
actual sleep schedules shifted later than their preferred schedules.
The proportion of individuals with new clinically meaningful sleep
difficulties was found to differ significantly between behavioural
change subgroups. These differences were observed for sleep initi-
ations difficulties [Chi-squared (2) = 159.3, p < .001, V = 0.12], sleep
maintenance difficulties [Chi-squared (2) = 82.2, p < .001, V = 0.09],
and early morning awakenings [Chi-squared (2) = 226.4, p < .001,
V = 0.15; Figure 4]. Specifically, the highest occurrences of symp-
toms suggestive of sleep initiation difficulties were found in the

“Delayed Sleep” subgroup. The highest occurrences of worsening in

TABLE 2 Estimated changes in sleep parameters during the outbreak

Pre-outbreak Outbreak
n %Missing Mean sD Mean SD F p 71;‘:

Sleep-onset latency 5,272 4.6 24.3 23.7 30.1 28.7 52.3 <.001 0.01

(min)
Bedtime (clock time) 5,286 4.3 21:05 5:14 20:05 6:48 29.4 <.001 0.01
Wake-up time (clock 5,278 4.5 7:02 1:31 7:30 1:45 209.5 <.001 0.04

time)
Time in bed (hr) 5,265 4.7 8.4 1.3 8.5 1.4 28 <.001 0.01
Total sleep time (hr) 5,453 1.3 7.3 1.2 7.2 1.5 13.3 <.001 <0.01
Sleep efficiency (%) 5,206 5.8 88.1 14.0 85.7 16.0 2.3 127 <0.01
PSQI total score (0-21) 4,996 9.6 6.11 3.41 6.71 3.96 10.7 .001 <0.01

Repeated-measures ANCOVAs comparing sleep parameters from pre-outbreak to outbreak estimates while controlling for age, sex and the time

elapsed since the pandemic declaration by the World Health Organization.

ng, partial eta-squared; PSQI, Pittsburg Sleep Quality Index; SD, standard deviation.
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FIGURE 1 Changes in clinically meaningful sleep difficulties.
Percentages of respondents endorsing clinically meaningful
difficulties with sleep initiation, sleep maintenance, early
awakening, or any type of sleep difficulties from pre-outbreak to
outbreak estimates. *p < .001, Cohen'sg = 0.27 from McNemar's
tests

sleep maintenance and morning awakenings were reported in the
“Reduced Time in Bed” subgroup.

Within the “Reduced Time in Bed” and “Delayed Sleep” sub-
groups, 10.6% of respondents reported an increase in sleeping
medication use, compared with 6.6% in the “Extended Time in
Bed” subgroup. However, this difference did not reach the ad-
justed significance thresholds (Chi-squared [2] = 24.71, p < .001,
V =0.05).

3.3 | Factors associated with sleep changes

A multivariate logistic regression model estimating the emergence of
new clinically meaningful sleep difficulties during the outbreak ex-
plained 19.5% (Nagelkerke R?) of the variance. The following factors
were found to be independently associated with the emergence of
clinically meaningful sleep difficulties after controlling for covariates
(Table 3): being female, being employed, having family responsibili-
ties, having a chronic iliness, lower level of sleep disturbances before
the outbreak, waking up early, higher stress levels, consuming more
than six alcoholic drinks per week, and spending more than 30 min
watching television per week.

Demographic and behavioural factors in each behavioural change
subgroup are presented in the Supporting Information section
(Table S1). Compared with the “Extended Time in Bed” subgroup, the
“Reduced Time in Bed” and “Delayed Sleep” subgroups had a higher
proportion of females, people with mental disorders and people
using psychotropic medication. Compared with the two other sub-
groups, the “Delayed Sleep” subgroup was younger, had higher rates
of employment, a higher proportion of respondents working from
home, a lower proportion of individuals with family responsibilities,

and a slightly shorter time elapsed since the pandemic declaration.
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FIGURE 2 Cluster validation to identify subgroups with distinct
profiles of changes in sleep behaviours. Validation of the cluster
solution: pre-outbreak to outbreak changes in the sleep behaviour
variables included in the cluster analysis (bedtime [lower panel],
wake-up time [middle panel] and time in bed [lower panel]) across
the three cluster groups. Error bars indicate the standard error

of the mean. Cluster 1: “Extended TiB (Time in Bed)”; Cluster 2:
“Reduced TiB"; Cluster 3: “Delayed Sleep” (*p < .001,;1,2) >0.02)

There was a progressive decrease in the proportions of morning
types and a progressive increase in the proportions of evening types
from the “Extended Time in Bed” subgroup to the “Reduced Time in
Bed” and the “Delayed Sleep” subgroups (Chi-squared (4) = 232.0,
p <.001, V =0.11; Figure S1).
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3.4 | Psychological changes and profiles of
sleep changes

Significant differences in the proportion of individuals who had a
clinically important worsening in stress (PSS; Chi-squared = 84.8,
p <.001, V = 0.13), anxiety (GAD-7; Chi-squared = 186.0, p < .001,
V =0.19) and depression (QIDS-SR16; Chi-squared = 247.9, p < .001,
V = 0.22) from pre-outbreak to during the outbreak were found
across the behavioural change subgroups (Figure 5). Specifically,
compared with the “Extended Time in Bed” subgroup, both the
“Reduced Time in Bed” and “Delayed Sleep” subgroups had higher

proportions of clinically important worsening in stress (PSS;

p < .001, V > 0.11), anxiety (GAD-7; p < .001, V > 0.16) and de-
pression (QIDS-SR16; p < .001, V > 0.15). No other difference in
minimally meaningful psychological worsening between subgroups
reached the significance thresholds.

4 | DISCUSSION

In a population sample of over 5,000 Canadians, we observed vari-
able changes in subjective sleep and sleeping medication use dur-
ing the COVID-19 pandemic relative to pre-outbreak estimates,

and identified several factors independently associated with these
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FIGURE 4 Proportions of respondents reporting new clinically
meaningful difficulties with sleep initiation, sleep maintenance and
morning awakening during the outbreak relative to pre-outbreak
estimates in subgroups with distinct profiles of sleep behaviours.
TiB: time in bed. Chi-squared (2) > 82.2, p < .001, V > 0.09

changes. Using a data-driven approach, we identified three dis-
tinct profiles of changes in sleep-related behaviours, and observed
that these profiles are linked to different changes in sleep quan-
tity and quality, as well as to different psychological responses to
the pandemic. To our knowledge, this is the first report of distinct
multidimensional profiles of changes in sleep-related behaviours in
response to a global external stressor affecting multiple aspects of
daily life.

Our finding that over half of the study population had clinically
meaningful sleep difficulties during the pandemic and that sev-
eral respondents reported increased use of sleeping medications
are consistent with other reports (Li et al., 2020; Lin et al., 2020;
Voitsidis et al., 2020). This represents a 15% increase in the pro-
portion of individuals with clinically meaningful sleep difficulties
relative to pre-outbreak estimates. Importantly, our results highlight
considerable variability in the profiles of sleep changes taking place
during the pandemic, confirming previous comments anticipating
that the pandemic may have heterogeneous effects on sleep (Altena
et al., 2020; Becker & Gregory, 2020). In the present study, while
some individuals reported increased sleep difficulties and worsening
in global sleep quality compared with pre-outbreak estimates, about
6% reported clinically meaningful improvements in global sleep qual-
ity. This may notably be influenced by some aspects of confinements
such as working from home, which enables a later wake-up time for
some people (Hurley, 2020) and variability in the stress response
to the pandemic (Robillard et al., 2020). Cluster analysis identified
three distinct subgroups based on changes in controllable sleep be-

haviours emerging during the outbreak: the “Extended Time in Bed”,

the “Reduced Time in Bed” and the “Delayed Sleep” subgroups. The
younger age of the “Delayed Sleep” subgroup may align with a recent
US survey differentiating sleep habits during the pandemic among
generations, with generation Z (18-22 years old) and millennials (23-
38 years old) going to bed later than any other generation during
confinement (Sleep Standards, 2020). Individuals from the “Delayed
Sleep” subgroup were also more likely to be working from home and
less likely to have family responsibilities, suggesting that they may
have had more flexibility to change their sleep schedule.

Importantly, the different profiles of changes in behavioural sleep
parameters taking place during the pandemic may contribute to the
heterogeneity of changes in sleep quantity and quality. Individuals
who actively shortened their sleep window by going to bed later
and waking up earlier had shorter sleep durations, and more sleep
maintenance and early morning awakenings difficulties. Those who
delayed their sleep-wake cycle had a complete reversal of the mis-
alignment between their circadian preference and their actual sleep
schedules (with their actual sleep schedules occurring later than
their preferred sleep schedules), and this was accompanied by pro-
longed sleep-onset latency and higher occurrences of sleep initiation
difficulties. While confinement may have enabled better alignment
of sleep schedules with circadian preference for some individuals,
others may have undergone an excessive delay in sleep schedules .

These behavioural change subgroups also differed in terms of
chronotypes, with a progressive shift towards eveningness from the
“Extended Time in Bed” cluster to the “Reduced Time in Bed” and
“Delayed Sleep” clusters. This may indicate that when some of the
socio-occupational constraints of daily life lift off in the context of
a global stressor, evening types may revert to bedtime schedules
that are better aligned with their circadian preference, but that the
actual time at which they manage to fall asleep may be further de-
layed. While some of these individuals are able to sleep in later (i.e.
“Delayed Sleep” cluster), others seem unable to extend their wake-up
time, thereby leading to sleep curtailing (i.e. “Reduced Time in Bed").

These distinct profiles of changes in sleep behaviours were asso-
ciated with different psychological responses to the pandemic. The
“Reduced Time in Bed” and “Delayed Sleep” subgroups had higher
proportions of people with clinically meaningful worsening in stress,
anxiety and depressive symptoms. Considering the bi-directional
relationship between sleep and mental health (Kaneita et al., 2009),
more adverse psychological reactions to the outbreak may actively
worsen sleep, and poorer sleep may in turn worsen stress, anxiety
and depression. If left unattended, these sleep disturbances may
thus actively worsen mental health.

Similar to other studies, we confirmed that females were more
vulnerable to behavioural changes leading to reduced sleep du-
ration and prolonged sleep latency, and to clinically meaningful
sleep difficulties during the COVID-19 outbreak (Losada-Baltar
et al.,, 2020; Qiu et al., 2020). This may relate to the fact that
females are more prone to both stress-related disorders (Li &
Graham, 2017) and insomnia (Hohagen et al., 1993). In addition,
we observed that some maladaptive coping strategies, such as

elevated alcohol consumption and spending more time watching
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TABLE 3 Factors associated with the emergence of clinically meaningful sleep difficulties identified using the multivariate logistic

regression model

B

Time elapsed since the outbreak (per 7 days) -0.006
Demographic factors

Age (per 10 years) -0.002

Male sex (versus female) -0.525
Current chronic illnesses (versus none) 0.224
Sleep/circadian profile before the outbreak

Diagnosis of a sleep disorder (versus none) 0.000

Pre-outbreak PSQI (per unit on a 0-21 scale) -0.159

rMEQ (scale from 4 to 26) -0.020
Changes in controllable sleep behaviours

Bedtime (per hour) 0.020

Wake-up time (per hour) -0.076
Current stress levels

PSS (per unit on a 0-40 scale) 0.108
Social and behavioural factors

Employed (versus unemployed) 0.205

Family responsibilities®(versus none) 0.368

Living with others (versus alone) 0.126

Drinking 2 7 drinks per week (versus < 7 drinks 0.208

per week)
Spent 30 min or less per week (versus more than 30 min):
0.045
-0.339

Exercising

Watching television

95% CI

SE Exp(B) LL UL p
0.003 0.994 0.988 1.001 .079
0.004 0.998 0.990 1.006 .602
0.107 0.592 0.480 0.729 <.001
0.103 1.251 1.022 1.532 .030
0.114 1.000 0.800 1.251 997
0.017 0.853 0.826 0.882 <.001
0.015 0.980 0.952 1.009 167
0.037 1.020 0.948 1.098 .589
0.034 0.927 0.867 0.992 .028
0.006 1.115 1.101 1.128 <.001
0.103 1.228 1.003 1.503 .047
0.110 1.445 1.165 1.793 .001
0.117 1.134 0.902 1.426 .282
0.097 1.231 1.019 1.488 .031
0.089 1.046 0.878 1.246 .614
0.150 0.713 0.531 0.956 .024

Coefficient parameters from the logistic regression. B: unstandardized coefficients (calculated per unit for continuous variables, except for the time
elapsed since the start of the outbreak, which was calculated for each 7 days, as well as age which was calculated per 10 units). Units (for continuous
variables) and reference groups (for categorical variables) are presented in parentheses in the first column.

SE, standard error of B; Exp(B), exponentiation of the B coefficient, i.e. odds ratio; Cl, confidence interval of Exp(B); LL, lower limit; UL, upper limit;
PSQl, Pittsburg Sleep Quality Index; rMEQ, Reduced Morningness-Eveningness Questionnaire; PSS, Cohen's Perceived Stress Scale.

#Family responsibilities: having an underage child or being the primary caregiver of someone with a disability or a chronic illness.

television, were independently associated with worsening in clin-
ically meaningful sleep difficulties. The pandemic may impose
higher stress on individuals who need to adjust to work-related
changes imposed by confinement measures, those with family re-
sponsibilities, those needing to maintain early wake-up times, and
those struggling with chronic medical conditions. This may explain
in part why, in addition to the direct relationship between current
stress levels and sleep problems, these factors were associated
with new sleep difficulties. Of note, behavioural changes leading
to reduced sleep duration and prolonged sleep latency were also
more prevalent in individuals with mental disorders and in those
taking psychotropic medications, many of which are known to
alter sleep (Riemann & Nissen, 2011). In line with these findings,
there have been previous indications that individuals with mental
disorders may be especially prone to new sleep difficulties due to
the COVID-19 outbreak (Li et al., 2020). Altogether, these factors

represent vulnerability indicators that could help identify people

with the most pressing needs for sleep interventions during and
following the pandemic.

This study has several limitations. Firstly, it was based on subjec-
tive sleep measures. Data collection spanned over nearly 3 months
starting in early April (although statistical models were adjusted for
time differences). In mid-March 2020, several Canadian provinces de-
clared the state of emergency, and federal restrictions were imposed
on crossing Canadian borders as infected cases were on the rise. By
mid-April, Canada reached a peak of 2,000 COVID-19 cases emerging
each day, and around the end of June, numbers dropped to about
300 cases per day (Government of Canada, 2020). Many confinement
measures persisted over that period in Canada, but other aspects of
the pandemic also likely to influence sleep may have changed during
that period. There were slight differences between the behavioural
change subgroups for the time elapsed since the pandemic declara-
tion, which may suggest that changes in sleep behaviours may evolve

dynamically across this period of turmoil, a phenomenon that should
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FIGURE 5 Proportions of respondents with minimally meaningful worsening of symptoms of stress, anxiety and depression from pre-
outbreak to during the outbreak in each subgroup with distinct sleep behaviour profiles. TiB: time in bed; Stress: Perceived Stress Scale;
Anxiety: Generalized Anxiety Disorder 7; Depression: Quick Inventory of Depressive Symptomatology recalculated without the items

pertaining to sleep (*p <.001, V> 0.11)

be assessed by longitudinal studies. Another limitation pertains to the
fact that retrospective reports to estimate sleep prior to the outbreak
may introduce recall bias, but recent evidence supports the use of
retrospective sleep assessments when prospective assessment is not
feasible (Dietch et al., 2019). The sample comprised a high proportion
of white, middle-aged adults females, with high levels of education,
employment and income, as well as a high proportion of morning
types. As some of these features may be linked to better resources
to cope with the pandemic, thereby lowering the degree of psycho-
logical and sleep difficulties relative to other parts of the population,
this limits the generalizability of these results. It is also important to
note that negative outcomes reported herein may have arisen not
only in response to the pandemic, but also in relation to several other
concurrent social stressors (e.g. police violence, international human
rights breeches, and political turmoil) that occurred during the period
of data collection. Furthermore, other factors that could influence
sleep, such as neurological conditions, were not accounted for in the
analyses.

Overall, the current findings highlight the need to rapidly build
and deploy adapted interventions to address distinct profiles of
sleep problems that may have emerged during the pandemic. These

may range from sleep health education to cognitive-behavioural

therapy for insomnia in those with prominent sleep difficulties, or
chronobiotic therapies in those with delayed bedtimes (e.g. morn-
ing bright light exposure and evening exogenous melatonin intake).
It is also foreseeable that there may be an increase in individuals
who may require professional guidance to taper off from sleeping
medications started or increased during the pandemic. While some
of these sleep problems may be transient, it should be a high prior-
ity to ensure they do not evolve into chronic sleep disorders.

The sleep profiles identified in this study, as well as their demo-
graphic and behavioural correlates, may help identify those at risk
of specific sleep difficulties and develop tailored interventions ac-
counting for inter-individual differences. Considerable efforts have
been made by the scientific and clinical sleep community during the
COVID-19 pandemic to stress the importance of sleep health to bet-
ter face the challenges posed by the pandemic and provide informa-
tion about good sleep habits (Li et al., 2020; www.sleeponitcanada.
ca/covid-19-2/). The fact that more than half of survey respondents
endorsed symptoms suggestive of clinically meaningful sleep dif-
ficulties during the outbreak reinforces the need to continue in-
creasing awareness in the general public, and to increase access to
large-scale accessible evidence-based sleep interventions (Altena
et al., 2020; Morin & Carrier, 2020).


https://sleeponitcanada.ca/covid-19-2/
https://sleeponitcanada.ca/covid-19-2/
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