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a b s t r a c t

Objectives: The purpose of this study was to investigate Ontario adults' reported sleep quantity, quality,
and disturbances during the early months of the COVID-19 pandemic (AprileJuly 2020).
Methods: As part of a larger, chronic disease-focused, and ongoing longitudinal study designed to
explore Ontario adults' health and wellness-related behaviors during the pandemic, participants
completed an online survey that included demographic information and the Pittsburgh Sleep Quality
Index (PSQI). The PSQI consists of 19 items, one of which is open-ended, designed to assess an in-
dividual's quantity, quality, and patterns of sleep on seven domains (ie, subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medication, and day-
time dysfunction over the last month). Summative content analysis was used to analyze responses to the
open-ended question regarding participants' sleep disturbances.
Results: This study included 2192 individuals, 85% of whom slept 6þ hours/night. The mean global PSQI
score was 7.57, out of a possible 21 (SD ¼ 4.09). The self-reported sleep disturbances of largest concern
were: (1) general fear/anxiety/worry (n ¼ 203); (2) children (n ¼ 167); (3) mind wandering/overthinking
(n ¼ 118); (4) pain/injury (n ¼ 78); (5) partner (n ¼ 78); and (6) fear/anxiety/stress related to COVID-19
(n ¼ 74).
Conclusion: The global PSQI score was indicative of poor sleep quality, and Ontario adults experienced a
number of sleep disturbances during early days of the COVID-19 pandemic. These findings are note-
worthy as sleep is a crucial component in positive health and wellbeing.

© 2021 Elsevier B.V. All rights reserved.
1. Introduction

Sleep is essential to human functioning and can positively or
negatively impact one's neural development, memory, emotional
reactivity [1], learning [2], and cardiovascular [3] and metabolic
function [4]. Further, inadequate sleep can impair immune function
[5], increase risk for chronic disease (eg, obesity, diabetes; [6]), and
undermine healthy lifestyle choices such as physical activity [7] and
healthy dietary intake [8]. Simply put, sleep is a vital component of
, The University of Western
n, Ontario, N6A 5B9, Canada.
good health and overall wellbeing [6]. In 2006, Colten et al. [9]
reported that humans spent approximately one-third of their lives
asleep. That said, over the past century, researchers have found that
the prioritization of sleep has declined internationally, as adults
have placed a greater emphasis on daily activities such as work,
commuting time [10], and technology use [11]. In fact, adequate
sleep sufficiency (ie, achieving an adequate quality and quantity of
sleep) was deemed concerning during pre-pandemic times, with
one quarter of Canadian adults not getting enough sleep, and about
half experiencing trouble falling and/or staying asleep [12]. Spe-
cifically, in 2017, Chaput and colleagues [13] found that 43% of
Canadian men and 55% of Canadian women between the ages of 18
and 64 years reported difficulties falling asleep and/or staying
asleep. Although children tended to achieve recommended sleep
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time, adults fared less well with sociodemographic (eg, education,
employment status) and health-related factors (eg, chronic disease,
stress, mood disorders, sense of belonging) contributing to their
sleep challenges and habits [14]. The COVID-19 pandemic has
created additional stressors, unusual strains, and unprecedented
lifestyle changes [15], all of which might make sleep insufficiency
an even greater concern at the present time. Specifically, in Canada,
the government has taken steps to mitigate the spread of the dis-
ease by strongly emphasizing community-based measures (inclu-
sive of physical distancing, rigorous hygiene practices, isolation and
quarantine, use of face masks; Government of Canada, [16]).
Physical distancing and other mandates have been introduced to
control the spread of COVID-19, how these public health measures
influence lifestyle-related health behaviours, including those
associated with sleep, of Canadian adults is largely unknown.

Although a paucity of Canadian-specific COVID-19-related sleep
research currently exists, sleep quality challenges related to the
pandemic have been reported elsewhere [17]. Among Chinese
residents (18e44 years; n ¼ 5461), stress, anxiety, and depression
related to living through the COVID-19 pandemic contributed to
participants' insomnia, frequent waking, early waking, nightmares,
and other sleep disorders [17]. Similarly, Huang and Zhao [18]
surveyed 7236 Chinese residents and found that one fifth of par-
ticipants reported depressive symptoms and sleep problems. Spe-
cific to Wuhan, China, Fu et al. [19] found that among 1242
respondents, approximately one third reported sleep disorders/
difficulties, which the authors attributed to individuals' concern
regarding COVID-19. In Italy, Gualano and colleagues [20] surveyed
1515 adults during the last 14 days of their initial lockdown (April
19-May 3, 2020) and found that 42.2% of respondents reported
sleeping difficulties. The researchers attributed sleep disturbances
to use of the internet, fear of leaving the house, and self-medication
[20]. In another Italian study, Cellini and colleagues [21] compared
residents' quality of sleep before (February 3e10, 2020) and during
(March 17e23, 2020) the lockdown and found that the pandemic,
and the lockdown in particular, negatively impacted participants'
sleep. Specifically, the percentage of individuals who experienced
poor sleep prior to the lockdownwas 40.5%; this number increased
to 52.4% during the lockdown [21]. In the context of these global
findings, it is anticipated that Canadian populations will also have
experienced sleep difficulties, and yet the extent of the situation is
currently unknown. As new wave(s) of the pandemic are upon us,
understanding adults' sleep experiences during the early stages of
the pandemic may help (1) citizens know what to anticipate, and
(2) health care providers be better prepared to target sleep issues
moving forward.

1.1. Objectives

The purpose of this study was to investigate Ontario adults'
reported sleep quantity, quality, and disturbances, during the early
stages of the COVID-19 pandemic (ie, April 24-July 13, 2020).

2. Methods

2.1. Study design

This study is part of a larger, chronic disease-focused, and
ongoing longitudinal study designed to explore Ontario, Canada
adults' health and wellness-related behaviors during the pandemic.
Adults aged 30e59 years were specifically targeted for the larger
study due to this age group being at highest risk for lost years of life
due to chronic disease [22]. The larger study design includes three
data collection time points (baseline, spanning the dates of April 24
- July 13, 2020); immediately following the initial full provincial
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reopening, spanning the dates of July 29-August 30, 2020; and 1-
year following the second timepoint. The current study includes
an interim analysis of sleep quantity, quality, and disturbances
collected at baseline. The study received ethics approval from the
host institution's Health Sciences Research Ethics Board (HSREB
#115827).

2.2. Participants

Participants were recruited via social media platforms (eg,
Facebook, Instagram, Twitter, LinkedIn) posted by the research
team and shared by others (eg, health units, community health
centres). To be eligible for the study participants needed to be: (1)
an Ontario resident, (2) aged 30e59 years at baseline and, (3) able
to read and write in English.

2.3. Data collection

Upon clicking on the social media distributed study link and QR
code, interested Ontario adults were directed to the study's letter of
information, eligibility criteria, consent, and an online survey
hosted on Qualtrics. For the purpose of this study, only the de-
mographic questions and the Pittsburgh Sleep Quality Index (PSQI
[23]; described in detail below) data were examined. To diminish
social desirability bias, honesty demandswere used at the beginning
of the questionnaire [24]. The instructions included the statement:
“Please answer as honestly as possible. There are no right or wrong
answers. Whatever you truly think or feel is the answer you should
pick.”

2.4. Measures

2.4.1. Demographic survey
A demographic questionnaire was administered at baseline.

Questions included: ‘What is your age? (years)’, ‘To which gender
do you most identify? (Refers to current gender which may be
different from sex assigned at birth andmay be different fromwhat
is indicated on legal documents)’, and ‘What is your ethnicity?’.

2.4.2. Pittsburgh Sleep Quality Index (PSQI)
The PSQI has been previously validated (Cronbach a ¼ 0.83) and

is used to measure adults' quantity, quality, and patterns of sleep
using 19 self-reported items on seven domains: (1) subjective sleep
quality (1 item); (2) sleep latency (ie, the length of time to transi-
tion from being fully awake to being asleep; 2 items); (3) sleep
duration (1 item); (4) habitual sleep efficiency (ie, the amount of
time asleep compared to the total amount of time in bed; 3 items);
(5) sleep disturbances (9 items); (6) use of sleep medication (1
item); and, (7) daytime dysfunction (2 items); [23]. Prior to
implementation, minor adaptations were made to the question-
naire to ensure the questions were applicable for people who work
shifts/have different sleep schedules (ie, those who may sleep
during the day and are awake at night). Participants were asked to
reflect on their usual sleep habits in the past month. Examples of
scale questions included, ‘How many hours of actual sleep do you
get at night?’ (domains 3 and 4), and ‘During the past month, how
often have you had trouble staying awake while driving, eating
meals, or engaging in social activity?’ (domain 7). With regard to
the sleep disturbances domain, participants were asked to identify
how often they had trouble sleeping because they: (1) could not get
to sleep within 30 min; (2) woke up in the middle of the night or
early morning; (3) had to get up to use the bathroom; (4) could not
breathe comfortably; (5) coughed or snored loudly; (6) felt too
cold; (7) felt too hot; (8) had bad dreams; and (9) had pain. Using
the one open-ended item, participants were invited to provide
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reasons, other than those specifically listed on the tool, they had
trouble sleeping. Per the originators' scoring protocol [23], the
seven domains are to be scored separately and then summed to
yield one “global” score that has a possible range of 0e21 (zero
indicating no difficulty and 21 indicating severe difficulties in all
areas). A global score greater than 5 indicates poor sleep quality
[23]. For a detailed account of the scoring protocol, refer to Buysse
and colleagues [23].

2.5. Data analysis

Following the scoring protocol noted above, domain specific and
global PSQI scores were computed and descriptive statistics were
conducted in SPSS (version 26). Descriptive statistics for de-
mographic data were also computed in SPSS. Using gender and age
as predictor variables and the accepted PSQI threshold of ‘5’ to
denote “poor” vs. “good sleepers” [23], logistic regressions were
used to investigate who were at risk of sleep difficulties.

Data from the open-ended question regarding participants'
sleep disturbances were analyzed using summative content anal-
ysis [25], which involved quantifying and providing meaning by
assigning themes to the different types of sleep disturbances sub-
mitted. It was conducted independently and simultaneously by two
researchers to help ensure confirmability (per [26]). The process
initially involved the researchers reading through the responses,
assigning working titles to the key words, and computing fre-
quencies. Once the researchers quantified and finalized themes
individually, they met to discuss and agree upon final themes.

3. Results

The PSQI was completed by 2192 individuals, most of whom
were Caucasian (European decent; n ¼ 1,790, 91.5%) and identified
as female (n¼ 1,744, 89.6%). Themean agewas 43 years (SD¼ 8.82).
The means, ranges, and frequencies of the PSQI scale and its
respective domains can be found in Table 1. The mean score of the
global PSQI was 7.57, with 63.95% of participants classified as being
“poor sleepers”. Results from the logistic regression analyses re-
ported that women (OR ¼ 2.3; 95% CI ¼ 1.25 to 5.39; p ¼ 0.02) and
individuals over the age of 40 (OR ¼ 1.2; 95% CI ¼ 0.02 to 3.1;
p ¼ 0.04) had higher odds of being classified as “poor sleepers”.

Summative content analysis of the single open-ended item
revealed 1284 entries by participants, representing 41 inter-related
sleep disturbances (Table 2). The most concerning sleep distur-
bances (ie, the top 30%) reported by participants were: (1) general
fear/anxiety/worry; (2) children; (3) mind wandering/over-
thinking; (4) pain/injury; (5) partner; and (6) fear/anxiety/stress
related to COVID-19. While some comments transcended more
than one theme, the primary focus of each theme is presented
separately for the sake of clarity, and illustrative quotations are
presented under the relevant themes.

Regarding the first sleep disturbance theme, general fear/anxi-
ety/worry (n ¼ 203), a common comment offered by participants
was that they “can't stop worrying”; the majority of participants
who noted this as a concern referenced “anxiety” as a major sleep
disturbance. One individual said they “wake up anxious to begin
tasks”, which was paralleled by another participant who described
“waking and feeling a bit panicky”. Many individuals underscored
“worry” about the future and about family members, specifically
their children. One participant explained the feeling of anxiety as
“not being able to calm down”.

The second theme reflects participants' reports that their chil-
dren's frequent waking, co-sleeping, and noise negatively influ-
enced their sleep (n ¼ 167). Some described challenges with co-
sleeping, as highlighted by one participant who said, “[my] kids
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are often sleeping besideme and they don't normally”. The children
who disrupted their parents' sleep ranged from infants to teen-
agers; one individual underscored that their “baby wakes up at
night”, while another participant referenced their “loud teenager
saying up late”. Other participants described their children “waking
frequently” and “com[ing] into [their] room in the middle of the
night”.

The third theme captures participants' comments indicating
their sleep was disturbed due to their mind wandering or over-
thinking (n ¼ 118). This was underscored by one participant who
said they “wak[e] up in the middle of night and [are] not able to fall
back asleep because there's toomuch going on in [their] mind [and]
too much thinking”. Other participants described that their “brain
won't shut off” and that their “mind races”.

Some participants described waking in the night due to pain or
injuries (n ¼ 78), and this represents the fourth sleep disturbance
theme. Pain ranged from “headaches” to “chronic pain”. A number
of participants described “sore joints”, while some noted “back
injuries” and “recovering from surgery”.

With regard to the fifth theme, some participants described
their partner as a sleep disturbance (n ¼ 78). The majority of these
disruptions were created by their partner's snoring, while some
described their partner's body temperature as problematic. This
was highlighted by one participant who compared their partner to
a “furnace”. Some underscored their partners as being “restless”
throughout the night making it difficult to sleep, while others
described that their partner's “waking up in the middle of the
night” as a challenge.

Lastly, the sixth theme identified the sleep disturbance ‘collec-
tion’ of fear, anxiety, and stress related directly to the COVID-19
pandemic (n ¼ 74). Angst took many different forms as one indi-
vidual expressed “concern regarding [their] mother living alone
and not being able to see [their] mother in-law in long term care”,
while another participant expressed that they were “anxious from
reading [the] news”. One participant underscored their “anxiety
over dealing with physical distancing, limiting family, friend and
social gatherings” and another expressed worry over whether or
not they “cleaned enough”, particularly noting concern over
potentially “touch[ing] something that might infect [them]”. Some
participants disclosed being frontline workers and expressed con-
cerns going to work as a “nurse”, “PSW”, and “medical profes-
sional”. Many participants underscored concern for elderly
relatives and one individual expressed wanting their “old life back”.

4. Discussion

The purpose of this study was to investigate Ontario adults'
reported sleep quantity, quality, and disturbances during the early
months of the COVID-19 pandemic (ie, April 24-July 13, 2020. Prior
to COVID-19, sociodemographic and health-related factors (such as
employment status, chronic disease, stress, mood disorders, and
sense of belonging)) contributed to Canadians' poor quality of sleep
[14]. Therefore, it is no surprise that participants in the current
study noted a number of sleep disturbances during the initial days
of the pandemic, as the pandemic might have magnified pre-
existing sleep challenges. The mean global PSQI score was 7.57 on
a scale that ranged from 0 to 21 and given that scores greater than 5
indicate poor sleep quality [23], adults' sleep experiences during
the early stages of COVID-19 are concerning. Interestingly, although
the PSQI score raises concerns about sleep quality, the majority of
participants reported that they did receive the recommended
amount of sleep, according to the newly released Canadian 24-Hour
Movement Guidelines [27]. That is, most participants reported
sleeping for more than seven hours per night. However, the Ca-
nadian Society for Exercise Physiology (CSEP) specifically



Table 1
Baseline frequencies for the pittsburgh sleep quality index (PSQI).

Domain Total Responses Frequency/Category

Subjective sleep quality 1994 Very good ¼ 267
Fairly good ¼ 1009
Fairly bad ¼ 579
Very bad ¼ 139

Sleep latency 1991 0 ¼ 345
1-2 ¼ 639
3-4 ¼ 465
5-6 ¼ 542

Sleep duration 1982 >7 h ¼ 1193
6e7 h ¼ 488
5e6 h ¼ 205
<5 h ¼ 96

Habitual sleep efficiency 1904 >85% ¼ 970
75e84% ¼ 496
65e74% ¼ 225
<65% ¼ 213

Sleep disturbances 1985 0 ¼ 81
1-9 ¼ 1225
10-18 ¼ 629
19-27 ¼ 50

Use of sleep medication 1988 Not during the past month ¼ 1437
Less than once a week ¼ 161
Once or twice a week ¼ 127
Three or more times a week ¼ 263

Daytime dysfunction 1998 0 ¼ 260
1-2 ¼ 972
3-4 ¼ 665
5-6 ¼ 92

Global PSQI (mean score ¼ 7.57, SD ¼ 4.09) 1884 0-5 ¼ 698
6-10 ¼ 745
11-15 ¼ 358
16-20 ¼ 83
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recommends that adults get 7e9 h of good-quality sleep on a
nightly basis [27]. While most of the participants achieved the
recommended quantity of sleep, the quality of that sleep was
evidently rather poor, and may have resulted in overall sleep
insufficiency (ie, the combination of an appropriate quantity and
quality).

While some of the reasons for disrupted sleep identified in this
COVID-19 study were similar to those reported in the China and
Italy pandemic-focused studies [17,20], Ontarians in the current
study also reported additional, unique disturbances. In terms of
similarities to previous studies, participants' difficulty sleeping was
largely attributed to fear, anxiety, worry, and stress. Participants
attributed these mental health challenges to general mental health
concerns, overthinking, occupational stress, and specific concerns
regarding COVID-19. Interestingly, screen use, a sleep disturbance
reported by residents of Italy, was not a substantive focus reported
by Ontario adults. Considering the government's physical
distancing requirements and restrictions during the time when
data was collected for the current study, one would suspect screen
use to be at an all-time high in our sample; however, it was not
noted as a primary sleep-related concern. In fact, screen time
during COVID has been reportedly high by Canadians, as individuals
reported that they increased their TV and Internet use (Statistics
Canada, 2020). Screen time has also been associated with shorter
sleep duration and poor sleep efficiency [28]. The small number of
individuals who reported screen use as a sleep disturbance might
due to the fact that our sample was between the ages of 30 and 59
and screen use is known to be more prevalent in younger genera-
tions [29] or that individuals in our sample were not concerned by
their screen use.

Worth noting is the imbalance of gender of our sample (90%
identified as female). Researchers have found there are numerous
issues dominating women's, in particular, concerns during COVID-
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19 (eg, employment situations, career progression, childcare re-
sponsibilities; [30,31]). A number of participants in the current
study described sleep disturbances related to working from home
difficulties. While there is a shift towards parents sharing childcare
and household responsibilities in general [32], such tasks have
disproportionately fallen on mothers during the COVID-19
pandemic, with mothers' employment more negatively impacted
by the pandemic than that of fathers [31]. Given the proportion of
those who identified as female in the current study, it is possible
that some of their experiences of fear, anxiety, and worry were
rooted in employment and childcare responsibilities, negatively
impacting their sleep.

Knowing that sleep quality issues and the reasons Ontario
adults had trouble sleeping during the early stages of the
pandemic is particularly important as we are currently in the
midst of a second wave of COVID-19. By underscoring Ontario
adults' sleep disturbances at the beginning of COVID-19, health
care providers and the public will have a better idea of what to
expect and how to prepare, should the province's current
(December 2020) exponential growth in, and associated conse-
quences of, COVID-19 cases continue to increase and/or repeat
another time in the future. Findings from the current study are
particularly important to support Ontarians experiencing worry,
anxiety, and stress, and, based on our findings of sleep distur-
bances, may be especially poignant for mothers, although the
maternal status of our sample was not collected. Participants'
described sleep disturbances primarily related to their mental
health (eg, stress, anxiety, worry, fear) as well as their children.
Regarding children, in a study conducted by Moore and col-
leagues (2020) [33], the researchers investigated the health be-
haviours of Canadian school-aged children during the initial
COVID-19 pandemic and found that children were less physi-
cally active, more sedentary, spent more time engaged in screen-



Table 2
Sleep disturbances reported by ontario adults during lockdown and stages 1 and 2 of Ontario's plan for reopening.

Described Sleep Disturbance Frequency (N) Percent (%)

General fear/anxiety/worry 203 8.4
Children 167 6.9
Mind wandering/overthinking 118 4.9
Pain/injury 78 3.2
Partner 78 3.2
Fear/anxiety/stress regarding COVID-19 74 3.1
General stress 69 2.9
Occupational anxiety/stress 57 2.4
Menstrual/menopausal discomfort 56 2.3
Disturbance of Pets 47 1.9
General noise 29 1.2
General discomfort 27 1.1
Wake frequently 17 0.7
Insomnia 16 0.7
Shift work 16 0.7
Breastfeeding 15 0.6
Pregnancy 14 0.6
Grieving/death 14 0.6
Lack of sleep as a habitual pattern 12 0.5
Depression/sadness 10 0.4
Allergies 10 0.4
Nightmares/night terrors 9 0.4
Stress regarding lack of access to healthcare personnel due to COVID-19 9 0.4
Chronic conditions (not specified) 8 0.3
Fibromyalgia 8 0.3
PTSD 8 0.3
Arthritis 8 0.3
Work from home challenges due to COVID-19 8 0.3
Not tired 8 0.3
Screen use 7 0.3
Restless leg syndrome 7 0.3
Nap during the day 6 0.2
Lack of physical activity 6 0.2
Caffeine 5 0.2
Bathroom 5 0.2
CPAP mask issues 4 0.2
COVID-19 (general) 4 0.2
Alcohol use 4 0.2
Job loss 3 0.1
Sleep apnea 2 0.1
Other 38 1.6

Note. The categories presented above are not mutually exclusive, and the primary focus of each theme is presented separately for the sake of clarity. These
themes were generated based on responses to an open-ended question on the PSQI.
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based activities, and slept more compared to before the COVID-19
public health restrictions were implemented. As such, parents'
worry over their children might be warranted given the impact
that the pandemic has had on children's health behaviours thus
far. This said, the researchers proposed that parental co-
participation in healthy activities, as well as set routines
including regular sleep and wake times, might be strategies to
mitigate the negative impacts of the pandemic on children's be-
haviours [33]. Thus, it is imperative that support and resources be
provided to help Ontarians improve their sleep sufficiency and
mitigate sleep disturbances during subsequent wave(s) of COVID-
19. The European Academy for Cognitive-Behavioral Treatment of
Insomnia (The European CBT-I Academy) has made a number of
recommendations to curb sleep problems during COVID-19 and
more specifically during home confinement as a result of strin-
gent physical distancing [30]. Such recommendations include but
are not limited to: (1) maintaining a regular night-time and wake-
time routine; (2) scheduling brief time blocks during the day to
allow yourself to stress and reflect upon the stressful situation to
reduce the chance of the stressor interfering with sleep; (3) only
using your bed for sleep and/or sex; (4) using social media posi-
tively by connecting with friends and family, but not using your
electronics in the bedroom; (5) exercising regularly; and (6)
engaging in relaxing activities before bed (eg, reading, yoga; [30]).
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The CBT-I Academy also made recommendations specific to
women and children including: (1) being mindful of the gender
gap to avoid women and mothers becoming overloaded with
childcare and household tasks; (2) maintaining a regular sleep
routine for children; (3) avoiding co-sleeping; (4) avoiding chil-
dren using electronics after dinner or too close to bedtime; and
(5) encouraging child play and activity (specifically physical ac-
tivity; [30]. With these recommendations in mind, Ontario adults
may be better equipped to deal with sleep problems and/or
stressors that negatively impact their sleep throughout the
remainder of the pandemic and as we experience any additional
restrictions throughout the province.

4.1. Strengths and limitations

There are a number of strengths of our study, including the
mixed-methods approach used to analyse data, the large number
of participants who completed the survey, and the steps taken to
minimize any potential biases. However, this study is not without
limitations. Firstly, the PSQI is a self-report tool, which lends it-
self to social desirability bias although, as noted previously, we
did attempt to combat this using honesty demands [24]. Second,
the study consisted of adults aged 30e59 years only, and the
majority was Caucasian and identified as female, limiting the
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generalizability of our findings. The large proportion of women in
our sample is not uncommon as Gualano and colleagues [20] and
Lin and colleagues [17] also reported a higher proportion of fe-
males to males in their studies. Finally, this study included
Ontario residents only. While this may be perceived as a limi-
tation (ie, to not include all Canadians), COVID-19 rates differ by
province/territory, and therefore, public health realities and
measures employed in each province/territory differ to account
for severity. As such, this work included adults from Ontario only.
Future studies might consider targeting males more specifically,
a wider age range, and other provinces/territories to increase
generalizability.

5. Conclusion

While sleep quantity was suitable, the overall quality of sleep
among Ontario residents during the early stages of the COVID-19
pandemic was poor and may be attributable to the vast number
of sleep disturbances reported by participants. It is important to
recognize recommendations to improve sleep quality throughout
the remainder of the pandemic. Learning from the experiences
during the first wave of the pandemic can help to inform and
support citizens during future wave(s).

Ethics approval

All procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the insti-
tutional and/or national research committee (Western University,
Health Sciences Research Ethics Board #115827) and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

Informed consent

Informed consent was obtained from all individual participants
included in the study.

Credit Author Statement

KS contributed to study design, recruitment, collection of data,
data analysis and was a major contributor in the writing of this
manuscript. LMV contributed to study design, recruitment, data
analysis, and critical revision of the manuscript. SB, NG, and PT
contributed to study design, recruitment, and critical revision of the
manuscript. JI contributed to study design, study conception,
recruitment, data analysis and was a major contributor in the
writing and revision of this manuscript. All authors read and
approved the final manuscript.

Acknowledgements

We would like to thank Varsha Vasudevan for the research
support she provided for this project and to the participants of this
study. LMVwas supported by a CIHR Fellowship Award. PT holds an
Ontario Ministry of Research and Innovation Early Researcher
Award.

Conflict of interest

The authors declare that they have no conflict of interest.
The ICMJE Uniform Disclosure Form for Potential Conflicts of

Interest associatedwith this article can be viewed by clicking on the
following link: https://doi.org/10.1016/j.sleep.2021.02.028.
194
References

[1] Frank E, Sidor MM, Gamble KL, et al. Circadian clocks, brain function, and
development. Ann N Y Acad Sci 2013;1306(1):43e67.

[2] Maquet P. The role of sleep in learning and memory. Science 2001;294(5544):
1048e52.

[3] Cincin A, Sari I, O�guz M, et al. Effect of acute sleep deprivation on
heart rate recovery in healthy young adults. Sleep Breath 2015;19(2):
631e6.

[4] Xie L, Kang H, Xu Q, et al. Sleep drives metabolite clearance from the adult
brain. Science 2013;342(6156):373e7.

[5] Besedovsky L, Lange T, Born J. Sleep and immune function. Pflueg Arch Eur J
Physiol 2012;463(1):121e37.

[6] Mukherjee S, Patel SR, Kales SN, et al. An official American Thoracic Society
statement: The importance of healthy sleep. Recommendations and future
priorities. Am J Respir Crit Care Med 2015;191(12):1450e8. https://doi.org/
10.1164/rccm.201504-0767ST.

[7] Kline CE. The bidirectional relationship between exercise and sleep: impli-
cations for exercise adherence and sleep improvement. Am J Lifestyle Med
2014;8(6):375e9.

[8] Chaput JP. Sleep patterns, diet quality and energy balance. Physiol Behav
2014;134:86e91. https://doi.org/10.1016/j.physbeh.2013.09.006.

[9] Colten HR, Altevogt BM. Sleep physiology. In: Sleep disorders and sleep depri-
vation: an unmet public health problem. US: National Academies Press; 2006.

[10] Basner M, Fomberstein KM, Razavi FM, et al. American time use survey:
sleep time and its relationship to waking activities. Sleep 2007;30(9):
1085e95.

[11] Exelmans L, Van den Bulck J. Technology and sleep: how electronic media
exposure has impacted core concepts of sleep medicine. Behav Sleep Med
2015;13(6):439e41.

[12] Government of Canada. Are Canadian adults getting enough sleep?. 2019,
September 6. https://www.canada.ca/en/public-health/services/publi
cations/healthy-living/canadian-adults-getting-enough-sleep-infographic.
html.

[13] Chaput JP. Duration and quality of sleep among Canadians aged 18 to 79.
Health Rep 2017;28(9):7.

[14] Chang VC, Chaput J-P, Roberts KC, et al. Factors associated with sleep duration
across life stages: results from the Canadian Health Measures Survey. Health
Prom Chron Dis Prev Can 2018;38(11):404e18. https://doi.org/10.24095/
hpcdp.38.11.02.

[15] Arora T, Grey I. Health behaviour changes during COVID-19 and the potential
consequences: a mini-review. J Health Psychol 2020;25(9):1155e63. https://
doi.org/10.1177/1359105320937053.

[16] Government of Canada. Community-based measures to mitigate the spread of
coronavirus disease (COVID-19) in Canada. 2020, October 15. https://www.
canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infec-
tion/health-professionals/public-health-measures-mitigate-covid-19.html.

[17] Lin L, Wang J, Ou-yang X, et al. The immediate impact of the 2019 novel
Coronavirus (COVID-19) outbreak on subjective sleep status. Sleep Med 2020.
https://doi.org/10.1016/j.sleep.2020.05.018. S1389945720302215.

[18] Huang Y, Zhao N. Generalized anxiety disorder, depressive symptoms and
sleep quality during COVID-19 outbreak in China: a web-based cross-sectional
survey. Psychiatr Res 2020;288:112954. https://doi.org/10.1016/j.psychres
.2020.112954.

[19] Fu W, Wang C, Zou L, et al. Psychological health, sleep quality,
and coping styles to stress facing the COVID-19 in Wuhan, China.
Transl Psychiatry 2020;10(1):225. https://doi.org/10.1038/s41398-020-
00913-3.

[20] Gualano MR, Lo Moro G, Voglino G, et al. Effects of Covid-19 lockdown on
mental health and sleep disturbances in Italy. Int J Environ Res Publ Health
2020;17(13):4779. https://doi.org/10.3390/ijerph17134779.

[21] Cellini N, Canale N, Mioni G, et al. Changes in sleep pattern, sense of time and
digital media use during COVID-19 lockdown in Italy. J Sleep Res 2020;29(4).
https://doi.org/10.1111/jsr.13074.

[22] World Health Organization. Preventing chronic diseases: a vital investment.
2005. https://apps.who.int/iris/bitstream/handle/10665/43314/9241563001_
eng.pdf?sequence¼1.

[23] Buysse DJ, Reynolds CF, Monk T,H, et al. The Pittsburgh Sleep Quality Index: a
new instrument for psychiatric practice and research. Psychiatr Res 1988;28:
193e213.

[24] Bates BL. The effect of demands for honesty on the efficacy of the Carleton
skills-training program. Int J Clin Exp Hypn 1992;40(2):88e102. https://
doi.org/10.1080/00207149208409650.

[25] Hsieh H-F, Shannon SE. Three approaches to qualitative content analysis. Qual
Health Res 2005;15(9):1277e88. https://doi.org/10.1177/104973230527
6687.

[26] Guba EG, Lincoln YS. Fourth generation evaluation. Newbury Park, Calif: Sage
Publications; 1989.

[27] Canadian Society for Exercise Physiology. Canadian 24-hour movement
guidelines for adults: an integration of physical activity, sedentary behavior,
and sleep. 2020. https://csepguidelines.ca/.

[28] Christensen MA, Bettencourt L, Kaye L, et al. Direct measurements of smart-
phone screen-time: relationships with demographics and sleep. PloS One
2016;11(11):1e14. https://doi.org/10.1371/journal.pone.0165331.

https://doi.org/10.1016/j.sleep.2021.02.028
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref1
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref1
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref1
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref2
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref2
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref2
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref3
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref3
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref3
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref3
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref3
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref4
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref4
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref4
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref5
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref5
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref5
https://doi.org/10.1164/rccm.201504-0767ST
https://doi.org/10.1164/rccm.201504-0767ST
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref7
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref7
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref7
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref7
https://doi.org/10.1016/j.physbeh.2013.09.006
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref9
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref9
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref10
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref10
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref10
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref10
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref11
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref11
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref11
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref11
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-adults-getting-enough-sleep-infographic.html
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-adults-getting-enough-sleep-infographic.html
https://www.canada.ca/en/public-health/services/publications/healthy-living/canadian-adults-getting-enough-sleep-infographic.html
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref13
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref13
https://doi.org/10.24095/hpcdp.38.11.02
https://doi.org/10.24095/hpcdp.38.11.02
https://doi.org/10.1177/1359105320937053
https://doi.org/10.1177/1359105320937053
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/public-health-measures-mitigate-covid-19.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/public-health-measures-mitigate-covid-19.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/health-professionals/public-health-measures-mitigate-covid-19.html
https://doi.org/10.1016/j.sleep.2020.05.018
https://doi.org/10.1016/j.psychres.2020.112954
https://doi.org/10.1016/j.psychres.2020.112954
https://doi.org/10.1038/s41398-020-00913-3
https://doi.org/10.1038/s41398-020-00913-3
https://doi.org/10.3390/ijerph17134779
https://doi.org/10.1111/jsr.13074
https://apps.who.int/iris/bitstream/handle/10665/43314/9241563001_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43314/9241563001_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/43314/9241563001_eng.pdf?sequence=1
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref23
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref23
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref23
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref23
https://doi.org/10.1080/00207149208409650
https://doi.org/10.1080/00207149208409650
https://doi.org/10.1177/1049732305276687
https://doi.org/10.1177/1049732305276687
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref26
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref26
https://csepguidelines.ca/
https://doi.org/10.1371/journal.pone.0165331


K.J. Shillington, L.M. Vanderloo, S.M. Burke et al. Sleep Medicine 91 (2022) 189e195
[29] Ashton JJ, Beattie RM. Screen time in children and adolescents: is there evi-
dence to guide parents and policy? Lancet Child Adolesc Health 2019;3(5):
292e4. https://doi.org/10.1016/S2352-4642(19)30062-8.

[30] Altena E, Baglioni C, Espie CA, et al. Dealing with sleep problems during home
confinement due to the COVID-19 outbreak: practical recommendations from
a task force of the European CBT-I Academy. J Sleep Res 2020;29(4). https://
doi.org/10.1111/jsr.13052.

[31] Qian Y, Fuller S. COVID-19 and the gender employment gap among parents of
young children. Can Publ Pol 2020;46(2):89e101.
195
[32] Offer S, Schneider B. Revisiting the gender gap in time-use patterns: multi-
tasking and well-being among mothers and fathers in dual-earner families. Am
Socio Rev 2011;76(6):809e33. https://doi.org/10.1177/0003122411425170.

[33] Moore SA, Faulkner G, Rhodes RE, et al. Impact of the COVID-19 virus outbreak
on movement and play behaviours of Canadian children and youth: A national
survey. Int J Behav Nutr Phy Activity 2020;17(1):1e11. https://doi.org/
10.1186/s12966-020-00987-8.

https://doi.org/10.1016/S2352-4642(19)30062-8
https://doi.org/10.1111/jsr.13052
https://doi.org/10.1111/jsr.13052
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref31
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref31
http://refhub.elsevier.com/S1389-9457(21)00127-1/sref31
https://doi.org/10.1177/0003122411425170
https://doi.org/10.1186/s12966-020-00987-8
https://doi.org/10.1186/s12966-020-00987-8

