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Study Objectives: No systematic review or meta-analysis has yet been conducted to examine the impact of the pandemic on the prevalence of sleep problems
among the general population, health care workers, or patients with COVID-19. Therefore, this systematic review was conducted to assess the impact and
prevalence of sleep problems among those categories.

Methods: American Psychological Association PsycINFO, Cochrane, Cumulative Index to Nursing and Allied Health Literature (CINAHL), EBSCOhost,
EMBASE, Google Scholar, MEDLINE, ProQuest Medical, ScienceDirect, Scopus, and Web of Science from November 1, 2019 to July 5, 2020 were used.
Additionally, 5 preprints servers (medRxiv.org; preprints.org; psyarxiv.com; arXiv.org; biorxiv.org) were also searched for papers accepted after peer review but not
yet published and indexed. There was no language restriction. The random-effect models meta-analysis model was used with the DerSimonian and

Laird methodology.

Results: Forty-four papers, involving a total of 54,231 participants from 13 countries, were judged relevant and contributed to the systematic review and meta-
analysis of sleep problems during COVID-19. The global pooled prevalence rate of sleep problems among all populations was 35.7% (95% confidence interval,
29.4-42.4%). Patients with COVID-19 appeared to be the most affected group, with a pooled rate of 74.8% (95% confidence interval, 28.7-95.6%). Health care
workers and the general population had comparative rates of sleep problems, with rates of 36.0% (95% confidence interval, 21.1-54.2%) and 32.3% (95%
confidence interval, 25.3-40.2%), respectively.

Conclusions: The prevalence of sleep problems during the COVID-19 pandemic is high and affects approximately 40% of people from the general and health

care populations. Patients with active COVID-19 appeared to have a higher prevalence rates of sleep problems.
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INTRODUCTION

In late December of 2019, a series of cases of a novel virus,
eventually named ‘2019 novel coronavirus (2019-nCoV/
SARS-CoV-2),” causing respiratory infections in humans, was
observed in the Chinese city of Wuhan.' The virus causes the
coronavirus disease 2019 (COVID-19) and spread rapidly
worldwide. On January 30, 2020, the World Health Organi-
zation declared COVID-19 a Public Health Emergency of In-
ternational Concern, and on March 11, 2020, a pandemic.?
COVID-19 has infected 14,832,283 patients globally, caus-
ing 612,266 deaths as of July 21, 2020.?

The COVID-19 pandemic is a considerable challenge to
governments, health care systems, educational institutions, and
the general public. In the absence of successful treatments or
vaccines, measures to manage the spread of the virus were
mainly social distancing, wearing masks, frequent hand hygiene
and other measures to neutralize the virus if exposure has oc-
curred, and quarantine.* Outbreaks of infectious diseases,
combined with measures to control the outbreaks, are associated
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with major psychologic distress and significant symptoms,
including poor sleep quality.>® Data from an ongoing longi-
tudinal study of a large representative sample of UK households
indicated that 1 month after the World Health Organization’s
declaration, the percentage of adults categorized as having
mental health problems increased from approximately 23% in
2017-2019 to approximately 37% in late April 2020.7 This
increase was particularly striking in young adults and females,
an intersection where the risks of anxiety symptoms, depressive
symptoms, and sleep problems are high.”

When facing the COVID-19 pandemic, sleep becomes es-
sential because of its many benefits for mental and physical
health. Lack of sleep can impair psychologic functioning and
decision making, jeopardize immune response, increase acci-
dents, lead to mood changes, increase medical expenditures,
and render individuals more susceptible to contracting the virus
because of poor concentration.®

No systematic review or meta-analysis has yet been con-
ducted to examine the impact of the pandemic on the prevalence
of sleep problems among the general population, health care
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workers, or patients with COVID-19; therefore, the prevalence
and severity of sleep problems in different populations remains
unknown. To address this knowledge gap, we conducted a
comprehensive systematic review and meta-analysis of the
prevalence of sleep problems in the face of the pandemic
in different populations. These findings may prove helpful
in developing effective strategies for screening and provid-
ing interventions to lower the negative outcome related to
sleep problems.

METHODS

Search strategy

We conducted a scoping review of all available literature on
sleep and COVID-19, followed by a systematic review and
meta-analysis of original research in compliance with the
recommendations and criteria described in the Preferred
Reporting Items for Systematic Reviews and Meta-Ana-
lyses checklist.’

Databases search

Two authors (HJ and ZS) conducted an electronic search in 10
electronic databases and 1 scholarly search engine: American
Psychological Association PsycINFO; Cochrane; Cumulative
Index to Nursing and Allied Health Literature (CINAHL);
EBSCOhost; EMBASE; Google Scholar; MEDLINE; Pro-
Quest Medical; ScienceDirect; Scopus; and Web of Sci-
ence from November 1, 2019 to July 5, 2020. Additionally, 5
preprints servers (medRxiv.org; Preprints.org; psyarxiv.com,;
arXiv.org; biorxiv.org) were also searched for papers accepted
after peer-review but not yet published and indexed. There was
no language restriction.

The search strategy involved the crosschecking of keywords
selected based on the Medical Subjects Headings and Boolean
logic operators. The following keywords were used in an [All
Fields] search:

“COVID-19” OR “2019-nCoV”” OR “2019 coronavirus” OR
“Wuhan coronavirus” OR “2019 novel coronavirus” OR
“SARS-CoV-2” AND “sleep” OR “sleep medicine” OR “sleep
disturbances” OR “sleep disorders” OR “sleep problems” OR
“polysomnography” OR “sleep quality” OR “PSQI” OR
“Pittsburg Sleep Quality Index” OR “insomnia” OR “circadian
rhythm” OR “restless leg syndrome” OR “sleep apnea” OR
“narcolepsy” OR “daytime dysfunction” OR “daytime sleepi-
ness” OR “ESS” or “Epworth Sleepiness Scale” AND “prev-
alence” OR “incidence” OR “epidemiology” OR “rate” OR
“frequency” OR “risk factors” OR “interventions” OR “treat-
ment” OR “therapy” OR “management”.

Reference lists of the obtained studies were searched to find
relevant articles and reviews and to make sure that all related
publications were included in the current analysis.

The full-text versions of the obtained literature were
screened, extracted, and analyzed for methodologic quality by 2
researchers (HJ and ZS). The processes were performed in-
dependently, and disagreements between reviewers were re-
solved by discussion and consensus with a third member of the
research team (AB).
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Selection criteria and outcomes

The primary outcome of the meta-analysis is the magnitude of
sleep problems during the COVID-19 pandemic. Thus, we
screened all observational and intervention clinical studies that
studied the effect of COVD-19 on the sleep quantity and quality
of different populations (eg, patients infected with COVID-19,
health care workers, and the general population). Specific inclusion
criteria for study selection were as follows: (1) publication date
between November 1, 2019 and July 5, 2020; (2) original research
articles published in the English, Spanish, German, Portuguese,
French, Italian, and Arabic languages; and (3) studies that reported
numerical values (eg, arithmetic mean with/without standard
deviation or prevalence rate) for sleep problems. The following
exclusion criteria were applied to retrieved articles to eliminate
factors that may incur potential methodologic and quality issues:
abstracts, infographics, letters, editorials, narrative reviews,
opinions, and position statements. The Preferred Reporting Items
for Systematic Reviews and Meta-Analyses flow diagram of study
selection is presented in Figure 1.

Data extraction

Data extraction for complex meta-analysis guidelines'® were
used to plan data extracting for this review. Data extraction
involved “study details”, “epidemiological findings”, and
“citation of the article”. Study details included: “last author”,

EERNT3

“time of publication MM/YY YY", “country of origin”, “type of
study”, “objectives of the study”, “sample size”, “recruitment
strategy”, “basic sample characteristics including age and %
male”. Epidemiologic findings included the following: arith-
metic mean with/without standard deviation or prevalence rate
for “sleep quality” and “other significant findings.” The citation
included the full citation details of the article, including the
digital object identifier. We contacted the corresponding authors
when needed for clarifications and to request more information.

Two independent researchers (HJ and ZS) used a Microsoft
Excel Spreadsheet to extract the data independently; this was

confirmed by a third member (NB).

Quality assessment of the studies

We used the Newcastle-Ottawa Scale adapted for cross-
sectional studies by Herzog et al'' to assess the quality of the
included studies. The Newcastle-Ottawa Scale for cross-
sectional studies checklist contains 7 questions, which we di-
vided into 3 domains: participants selection (questions 1-4),
comparability (question 5), and outcome and statistics (ques-
tions 6 and 7). Scores range from 0 to 10. Details of the items
used in Newcastle—Ottawa Scale and score interpretations are
presented in Supplemental Table S1. Quality assessment was
also performed in parallel with data extraction by the same
researchers (HJ and ZS), and a consensus approach was used to
determine the quality score for each study.

Data analysis

Random-effect models meta-analysis model were used with the
DerSimonian and Laird methodology,'? assuming that the effect
of interest is not the same in all studies and that the differences
observed between them are only caused by sampling errors
(variability within the studies). The heterogeneity of the
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Figure 1—Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow diagram of study inclusion.
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estimates of the sample size effect throughout these studies was
quantified by the I* statistic. The heterogeneity between the
studies was assessed by Cochran’s Q test and 7* statistics. As the
estimates of the prevalence of sleep problems can vary
according to the types of populations involved, subgroup meta-
analyses were used to assess whether the sleep problems in each
of the populations influenced the joint estimate. The results are
presented in a forest plot as a point estimate with 95% confi-
dence intervals (95% Cls). A leave-one-out sensitivity analysis
was performed by iteratively removing 1 study at a time to
confirm that any single study did not drive our findings. Sub-
group analysis was performed to examine differences between
groups based on categorical variables (eg, research population,
research measure). Subgroup analysis was only reported if there
were 3 or more studies available for analysis. Meta-regression
techniques were applied to analyze for continuous covariates of
sleep problems; we used 2 covariates, mean age, and proportion
of' male sex. Publication bias was assessed using funnel plots to
visually assess publication bias. For robust assessment of
publication bias, Kendall’s tau rank order correlations and
Egger’s regression were computed. ' It was planned a priori that
when needed, Duval and Tweedie’s trim and fill procedure was
used to calculate adjusted point estimates to correct for funnel
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plot asymmetry arising from potential publication bias.'* Data
analyses were performed using Comprehensive Meta-Analysis
version 3.0, and visualizations were made using R software for
statistical computing version 4.0.2 using the package metafor.

RESULTS

Characteristics of included literature

The initial search was conducted up to June 10, 2020 and was
updated to July 5, 2020. A total of 1273 records were identified
through database searching and other sources. When duplicates
were removed, 371 records remained. A total of 178 potential
papers were full text screened. Of these, 134 papers were ex-
cluded including narrative and systematic reviews, editorials,
commentaries, letters to the editor, position statements irrele-
vant literature, duplicates, or wrongly classified papers.

Three major themes were identified in the excluded literature;
the impact of COVID-19 on the practice of sleep medicine; the
importance of prioritization the services for individuals with
sleep disorders (especially breathing-related sleep disorders)
during the pandemic; and the role of melatonin and other
supplements on regulating sleep-wake rhythm.
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P<.001). Italy and France had higher pooled prevalence rates of
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Figure 2—Meta-analysis of the prevalence of sleep problems (all populations, all measures). Cases refer to persons with positive

sleep problem.

Studies Estimate (95% C.I.) Cases/Sample
Abdulah 2020 0.683 (0.625, 0.736) 183/268
Ahmad 2020 0.249 (0.209, 0.294) 99/398
Ammar 2020 0.124 (0.106, 0.14s) 130/1047
Bai 2020 0.356 (0.275, 0.446) 42/118
Beck 2020 0.740 (0.712, 0.766) 744/1005
Bohlken 2020 0.179 (0.145, 0.220) 71/396
Casagrande 2020 0.571 (0.551, 0.591) 1308/2291
Cellini 2020 0.524 (0.497, 0.551) 686/1310
Garcia-Priego 2020 0.499 (0.458, 0.540) 280/561
Goodman-Casanova 2020 0.301 (0.217, 0.402) 28/93
Hartley 2020 0.470 (0.447, 0.493) 835/1777
Huang 2020 0.182 (0.173, 0.191) 1317/7236
Innocenti 2020 0.522 (0.491, 0.552) 540/1035
Jahrami 2020 0.366 (0.309, 0.426) 94/257
Jung 2020 0.453 (0.437, 0.469) 1606/3545
Kaparounaki 2020 0.430 (0.400, 0.461) 430/1000
Killgore 2020 0.561 (0.530, 0.591) 568/1013
Kokou-Kpolou 2020 0.191 (0.161, 0.225) 108/566
Li 2020 0.558 (0.536, 0.580) 1099/1970
Liguori 2020 0.913 (0.841, 0.954) 94/103
Lin 2020 0.200 (0.190, 0.211) 1131/5641
Liu 2020 0.207 (0.164, 0.258) 59/285
Qi 2020 0.717 (0.692, 0.740) 936/1306
Roy 2020 0.125 (0.102, 0.153) 83/662
Sheng 2020 0.168 (0.106, 0.257) 16/95
Stanton 2020 0.407 (0.382, 0.432) 607/1491
Sun 2020 0.172 (0.156, 0.188) 359/2091
Tang 2020 0.090 (0.079, 0.102) 224/2485
Tu 2020 0.600 (0.501, 0.691) 60/100
Vitale 2020 0.750 (0.238, 0.966) 3/4
Voitsidis 2020 0.376 (0.357, 0.396) 913/2427
Wang 2020 0.382 (0.301, 0.471) 47/123
Wu 2020 0.500 (0.411, 0.589) 60/120
Wu2 2020 0.079 (0.071, 0.087) 334/4240
Yifan 2020 0.093 (0.055, 0.153) 13/140
Zhang 2020 0.424 (0.311, 0.546) 28/66
Zhang2 2020 0.173 (0.157, 0.190) 352/2032
Zhao 2020 0.364 (0.341, 0.387) 593/1630
Zheng 2020 0.586 (0.547, 0.624) 370/631
Zhou 2020 0.184 (0.167, 0.202) 355/1931

Overall (1*2=99.48 % , P< 0.001) 0.357 (0.294, 0.424)
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55% (95% CI, 53.6-56.5%) and 50.8% (95% CI, 49-52.6%),
respectively. Finally, Germany had a similar prevalence rate to
that found overall (38.8%; 95% CI, 37-40.3%).

Subgroup analysis of sleep problems by population showed
that most of the studies were conducted on the general pop-
ulation, followed by health care providers, and last on patients
infected with SARS-COV-2 and those with symptoms of
COVID-19. Meta-analysis of the prevalence of sleep problem
in the general population (K = 26, n = 46,751) yielded an
estimated pooled prevalence rate of 32.3% (95% CI, 25.3—
40.2%) with heterogeneity (Q = 6137[25], * = 0.8, I’ = 99.5%,
P <.001). Health care workers (K =11, n=4854) had a slightly
higher prevalence of sleep problems (36.0%; 95% CI, 21.1-
54.2%) with heterogeneity (Q=1048[10],t*=1.6, *=99%, P<

Journal of Clinical Sleep Medicine, Vol. 17, No. 2

.001). Patients infected with COVID-19 (K = 3, n = 1884)
appeared to be the most affected group with a prevalence of
sleep problems of 74.8% (95% CI, 28.7-95.6%) with hetero-
geneity (Q=50[2],1>=2.7, P=96%, P<.001). Detailed results
are presented in a subgroup analysis forest plot in Supplemental
Figure S2.

Moderator analysis revealed that higher age (B = 0.13, P =
.001) and male sex (B=3.6, P=.001) are associated with higher
prevalence of sleep problems in the subgroup of patients with
COVID-19.

The PSQI was used in a total of 18 studies (n =20,570) to
estimate sleep problems. Nine of these studies focused on the
general population (n=16,516), 8 studies focused on health care
workers (n=4854), and 1 study focused on patients (n=4). The
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Figure 3—Meta-analysis of the prevalence of sleep problems (all populations, PSQI only). Cases refer to persons with positive

sleep problem. PSQI = Pittsburgh Sleep Quality Index.

Studies Estimate (95% C.I.) Cases/Sample
Bai 2020 0.356 (0.275, 0.446) 42/118
Casagrande 2020 0.571 (0.551, 0.591) 1308/2291
Cellini 2020 0.524 (0.497, 0.551) 686/1310
Huang 2020 0.182 (0.173, 0.191) 1317/7236
Innocenti 2020 0.522 (0.491, 0.552) 540/1035
Jahrami 2020 0.366 (0.309, 0.426) 94/257
Liu 2020 0.207 (0.164, 0.258) 59/285
Qi 2020 0.717 (0.692, 0.740) 936/1306
Sheng 2020 0.168 (0.106, 0.257) 16/95
Tu 2020 0.600 (0.501, 0.691) 60/100
Vitale 2020 0.750 (0.238, 0.966) 3/4
Wang 2020 0.382 (0.301, 0.471) 47/123
Wu 2020 0.500 (0.411, 0.589) 60/120
Zhang 2020 0.424 (0.311, 0.5486) 28/66
Zhang2 2020 0.173 (0.157, 0.190) 352/2032
Zhao 2020 0.364 (0.341, 0.387) 593/1630
Zheng 2020 0.586 (0.547, 0.624) 370/631
Zhou 2020 0.184 (0.167, 0.202) 355/1931

Overall (12=99.42 % , P< 0.001) 0.396 (0.296, 0.506) 6866/20570
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overall pooled prevalence of sleep problems for all populations
using the PSQI was 39.6% (95% CI, 29.6-50.6%) with het-
erogeneity (Q = 2933[17], ©* = 0.8, I* = 99.5%, P < .001).
Figure 3 illustrates the forest plot of meta-analysis of sleep
problems in all populations using the PSQI. Sensitivity analysis
revealed that no study affected the prevalence estimate by more
than 1%. The sensitivity analysis results suggest that the overall
pooled prevalence is robust and powered by the methodologic
quality of each research study. Visual inspection of the funnel
plot (Supplemental Figure S3) indicated no observed publi-
cation bias. Kendall’s t without continuity correction = —0.04
(P = .80), and Egger’s regression was P = .42. One possible
explanation for the large heterogeneity is that different sleep
measures assess symptoms across somewhat different time
frames (eg, PSQI and Athens Insomnia Scale = past month,
ISI = past 2 weeks). Thus, given the rapidly evolving nature
of the COVID-19 pandemic, this makes it harder to generalize
across studies.

Subgroup analysis of sleep problems using the PSQI indi-
cated that the general population and health care workers had
comparable sleep problems, with rates 0f37.9% (95% CI, 25.2—
52.4%)and 39.7% (95% CI, 21.2—61.6%), respectively. Details
of the analyses are presented in Table 2 and illustrated in
Supplemental Figure S4.

Moderator analysis revealed that age (3=0.01, P=.001) was
associated with a higher prevalence of sleep problems in the
general population subgroup only. Individuals with younger
age appeared to have a greater magnitude of sleep problems
during the pandemic when measured using PSQI.

Researcher-developed measures and the ISI were commonly
used measures among the general population. Meta-analysis of
sleep problems measured using researcher-developed measures
in the general population (K =6, n=8538) yielded an estimated
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pooled prevalence rate of 25.2% (95% CI, 9.3-52.6%) with
heterogeneity (Q = 1774[5], > = 2.2, > = 99.7%, P < .001).
Details of the analyses are presented in Table 2 and illustrated in
Supplemental Figure S5. Three studies (K = 3, n = 7220) re-
ported prevalence of sleep problems using ISI among the
general population, and results yielded a prevalence rate of
29.7% (95% CI, 11.9-56.9%) with heterogeneity (Q = 532[2],
=11, P =99.6%, P < .001). Details of the analyses are
presented in Table 2 and illustrated in Supplemental Figure S6.

The mean PSQI score was reported for 15 studies (K=15,n=
9230). The global mean PSQI for all populations was 7.1 (95%
CI, 6.3-8.0) with heterogeneity (Q = 1716[14], ©* = 2.4, > =
99%, P<.001). Scores for the general population were reported
in 6 studies (K =6,n=4722), and the mean PSQI was 6.0 (95%
CI, 5.3-6.8) with heterogeneity (Q = 182[3], = 0.6, I* = 98%,
P <.001). Health care workers had higher mean score (K=9,n=
4483), with global PSQI score of 7.7 (95% CI, 6.1-9.2) with
heterogeneity (Q=1358[9], 1*=5.4,?=99%, P<.001). Details
of the analyses are presented in Table 2 and illustrated in
Figure 4. Visual inspection to funnel plot (Supplemental Figure
S7) indicated no observed publication bias. Subgroup analysis
by population of mean PSQI score is available in Supplemental
Figure S8.

Six studies reported the individual 7 components of the PSQL
Details of the analyses are presented in Table 2 The results of this
analysis indicated that sleep latency, sleep disturbances, and sleep
duration had the highest scores, with 1.5, 1.4, and 1.3, respectively.

DISCUSSION

These meta-analyses aimed to comprehensively describe the
pooled prevalence of sleep problems in several populations
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Figure 4—Meta-analysis of mean global PSQI (all populations). PSQI = Pittsburgh Sleep Quality Index.

Studies Estimate (95% C.I.)

Casagrande 2020 5.900 (5.764, 6.036) —|
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Qi 2020 8.600 (8.388, 8.812) "
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Zhou 2020 4.610 (4.460, 4.760)

Overall (1°2=99.18 % , P< 0.001) 7.140 (6.343, 7.937) _—
I T T T 1
6 8 10 12 14

using different measurement measures worldwide during the
ongoing COVID-19 pandemic. First, the global pooled prev-
alence rate of sleep problems among all populations is 35.7%
(95% CI, 29.4-42.4%). Second, patients with COVID-19
appeared to be the most affected group, with a pooled rate of
74.8% (95% CI, 28.7-95.6%). Third, health care workers and
the general population had comparative rates of sleep problems
with rates of 36.0% (95% CI, 21.1-54.2%) and 32.3% (95%
CI, 25.3-40.2%), respectively. Similar findings on sleep
problems were obtained using the PSQI, suggesting that health
care providers and the general population were affected com-
paratively with rates of 39.7% (95% CI, 21.2-61.6%) and
37.9% (95% CI, 25.2-52.4%)), respectively. Fourth, researcher-
developed measures appeared to be less sensitive in detecting
sleep problems, with prevalence rate of 25.2% (95% CI, 9.3—
52.6%), compared with the well-established sleep self-
assessment questionnaires such as the PSQI (39.6%; 95% CI,
29.6%-50.6%). Also, The PSQI captures a very broad range of
sleep-related issues (eg, nightmares, snoring, sleep medication
use), which may explain the higher prevalence rates com-
pared with the Athens Insomnia Scale, ISI, or researcher-
developed measures.

In the current meta-analysis, the prevalence of sleep prob-
lems among the general population of 32.3% (95% CI, 25.3—
40.2%) appeared to be higher than a previous meta-analysis
reporting the prevalence of sleep problems in the adult general
population in China (15.0%; 95% CI, 12.1-18.5%).%° Another
meta-analysis reported the prevalence of sleep problems among
older adults with a pooled prevalence of 35.9% (95% CI, 30.6—
41.2%).%! Interestingly, a recent meta-analysis that summarized
the prevalence of stress, anxiety symptoms, and depressive
symptoms in the general population during the COVID-19
pandemic reported prevalence rates of 29.6% (95% CI, 24.3—
35.4%), 31.9% (95% CI, 27.5-36.7%), and 33.7% (95% CI,
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27.5-40.6%],°* respectively, comparable to our findings of
sleep problems. The overlapping prevalence rates between
psychologic distress symptoms and our findings of sleep
problems point to the potential bidirectional relationships be-
tween sleep and psychiatric comorbidities, especially when
more comorbidities are present (eg, anxiety and depression),
suggesting that sleep specialists should consider psychiatric
comorbidities when treating sleep problems and vice versa.

It was expected that patients with COVID-19 would have the
highest frequency of disturbed sleep (~75%), because the core
symptoms of the disease involve coughing, fever, and difficulty
in breathing, all of which have been associated with sleep
problems.%*:** The higher risk of sleep problems among patients
with COVID-19 might also be attributable to physical pain and
side effects of medications administered for the treatment of the
virus.® One might argue that the higher prevalence rates of sleep
problems among patients with COVID-19 are a byproduct of a
smaller study sample size. However, it is important to consider
this finding seriously, until larger better-designed studies
are available.

Prevalence of sleep problems among health care using all
measures (36.0%; 95% CI, 21.1-54.2%) or PSQI only (39.7%;
95% CI, 21.2-61.6%) are similar to the pooled prevalence
among Chinese health care professionals before the pandemic
(39.2%; 95% CI, 36.0-42.7%).° This suggests that reporting
sleep problems has not increased among health care working
during the COVID-19 pandemic.

Two meta-analyses on nursing staff before the pandemic
demonstrated that the pooled prevalence of sleep problems
using the PSQI in Iran®” and China®*were 64% (55-73%) and
61.0% (55.8-66.1%), respectively. In the current meta-analysis,
one of the included studies focused only on female nurses and
reported a prevalence rate of 60%.** This may imply that the
discrepancy is because of heterogeneous health care workers
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populations. This may suggest that the stress of nursing and/or
being female may be the cause of increased sleep problems.

Thus, future meta-analyses may consider investigating
various subgroups of health care workers (eg, nurses vs phy-
sicians, frontline vs nonfrontline). Nearly one-third of health
care workers were found to have poor sleep quality with greater
severity among frontline workers compared with second-line
workers.®® Similarly, when sleep quality was compared among
health care workers providing care to COVID-19—positive cases
vs those working negative cases, it was found the sleep quality
was poorer among those posted in COVID-19—positive
hospitals.*® These studies suggest that poorer sleep quality was
associated with exposure to COVIS-19—positive patients.
Furthermore, these health care workers had higher scores on
somatization, depression, anxiety, and stress scales.*®* Symp-
toms of depression, anxiety, and stress among frontline medical
workers who were treating patients with COVID-19 are related
to social support and sleep quality, as reported in a similar study
conducted among self-isolated patients.**->

The prevalence of sleep problems observed dropped
significantly when a subgroup analysis was performed using
researcher-developed assessment measures, but this was not
noted in the global analysis and when comparing the PSQI
with the other validated measures. A recent meta-analysis of
diagnostic accuracy of 3 screening measures (PSQI, ISI,
Athens Insomnia Scale) for sleep problems indicated that
summary estimates of sensitivity and specificity did not differ
significantly among the 3 measures,’® but this was apparently
not the case for researcher-developed assessment instruments.

Because of the rapid publication of COVID-19 research, this
meta-analysis serves as a summary of the research literature for
only the first 8 months of the pandemic. The major strength of
this meta-analysis is the timely, large-pooled analysis stratified
by target population and measurement measure. However, 2
limitations should be addressed. First, heterogeneity remained
high after subgroup analyses and meta-regression, but het-
erogeneity cannot be eliminated in large epidemiologic meta-
analyses.®"”! Second, additional investigation of other lifestyle
factors such as physical activity, smoking, and substance use
need to be considered when adjusting for moderators, with
special emphasis on adjusting for stress-related disorders
including posttraumatic stress disorder, adjustment dis-
orders, anxiety, and depression. Future original research
might also consider the role of social confounding factors
(eg, change in marital status oremployment) and their impact
on sleep.

Cellini et al** reported in a sample of 1310 Italians that sleep
problems were greater among people with a higher level of
depression, anxiety, and symptoms of stress. It has also been
shown that social support improves sleep quality among people
who were self-isolated at home for 14 days because of COVID-
19,* because patients with greater support had lower anxiety
and stress.

Sleep problems among the general population cannot be
ignored because persistent sleep problems may have serious
consequences.”” A recent study demonstrated anxiety about
COVID-19 correlated positively with insomnia severity and
suicidal ideation.*
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It is important to assess the impact of COVID-19 on sleep in
different ethnicities and strata of society. Itis expected that those
with limited access to health care services and preventive
measures for a contagious disease like COVID-19 will have
higher levels of anxiety of catching the infection and hence
higher levels of sleep disturbances.”

Given the results of this systematic review, there is an urgent
need to improve sleep quality in both the general population and
health care workers during this pandemic. Currently, available
methods that may improve sleep quality include social and
administrative support, relaxation techniques, and reasonable
working schedules to allow for recovery.

CONCLUSIONS

The prevalence of sleep problems during the COVID-19 pan-
demic is high and affects approximately 40% of people from
general and health care populations. Patients with active
COVID-19 appeared to have higher prevalence rates of sleep
problems. Further studies, particularly longitudinal studies to
determine trajectories of sleep problems over time in these
various COVID-19-impacted populations are warranted.

ABBREVIATIONS

CI, confidence interval
ISI, Insomnia Severity Index
PSQI, Pittsburg Sleep Quality Index
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