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a b s t r a c t

Background: Evidence suggests that the outbreak of the coronavirus disease 2019 (COVID-19) and the
prevention/control measures for COVID-19 may cause insomnia during the acute phase of COVID-19
pandemic in China. However, it is unclear whether insomnia sustains during the later phases of the
pandemic.
Methods: We searched PubMed/Medline, EMBASE, PsycINFO and China National Knowledge Infra-
structure from the 27th December 2019 to the 2nd February 2021. As early stage studies on COVID-19
pandemic in China were defined as those conducted prior to April 1st, 2020, while late stage studies
were those conducted after April 1st, 2020.
Results: A total of 98 studies with 193,889 participants were included. The pooled prevalence of
insomnia symptoms among all populations was 39.1% (95% CI 36.2e42.0%); the pooled prevalence of
insomnia symptoms during the early and late stages of COVID-19 in China were 37.0% (95% CI 34.1
e39.9%) and 41.8% (95% CI 33.6e50.0%), respectively. Importantly, there was no significant difference
regarding the prevalence of insomnia symptoms between the early and late stages of COVID-19. Meta-
regression showed that healthcare workers, COVID-19 patients, patients with chronic medical conditions
and patients with mental disorders had a higher prevalence of insomnia symptoms compared to the
general population. This association remained significant in healthcare workers and patients with
chronic medical conditions after adjusting for age, gender, areas of high or low prevalence of COVID-19
cases, anxiety and depression.
Conclusions: Over one third of our sample present insomnia symptoms during the early stage of COVID-
19 pandemic in China. Interestingly, prevalence of insomnia symptoms sustains high during the late
stage of the pandemic despite the control of the disease and the amelioration of its adverse effects. Our
findings suggest that insomnia symptoms related to COVID-19 appear to persist of over time.

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

Beginning in late December 2019, an outbreak of a highly con-
tagious, novel coronavirus (2019-nCoV/SARS-CoV-2) that causes
respiratory infections and pneumonia in humans was observed in
Wuhan city, Hubei Province of China. Since then, the coronavirus
disease 2019 (COVID-19) rapidly spread throughout China and
worldwide, began January 27th, 2020 and maintained an upward
trend until February 27th, 2020 in China [1]. On the 30th January
2020, the World Health Organization declared COVID-19 a Public
Health Emergency of International Concern [2], and on 11th March
2020, a global pandemic [3].

During the acute phase of COVID-19 pandemic (January 23rd-
February 21st, 2020), the Chinese government implemented a range
of strictmeasures to control theCOVID-19pandemic [3]. For example,
all COVID-19 patients were treated and quarantined in hospitals,
whereas close-contacts and front-line healthcare workers were
quarantined in hotels. Furthermore, residents were under home-
quarantine during the peak of the pandemic, except those who
were needed to guarantee the basic functions of a city. In addition,
social distancing policies, wearing face masks in public, mandatory
lockdowns, as well as work and school closings were implemented.
Though these critical control measures changed normal life, they
were one of the best ways to control the spread of the virus, since no
successful treatments or vaccines were available. Fortunately, since
mid-February 2020, the COVID-19 pandemic has been under control
inChina. Specifically, newlycured anddischarged cases outnumbered
newly confirmed ones since February 19th, 2020 with no new do-
mestic cases confirmed on the Chinesemainland for the first time on
March18th, 2020 [3], and all temporary treatment centers for COVID-
19 patients were closed on March 20th, 2020 [4]. Importantly, the
daily mortality cases of COVID-19 in China have dropped to signal
digits since March 18th, 2020 and no daily mortality cases were re-
ported on most days after mid-March 2020 [1].

The outbreak of the disease and the mass lockdowns during the
acute phase of COVID-19 pandemic caused fear of getting sick, dis-
rupted thousands of lives and impacted commerce. Itwas also related
to psychological distress and sleep disturbance such as insomnia
symptoms. During the acute phase of the COVID-19 pandemic, our
group conducted an online surveywith a total of 3637 adults from all
31 provinces in mainland China [5]. In this nationwide survey based
on self-reported data, we found that the prevalence of insomnia
(Insomnia Severity Index [ISI]>7, 33.7% vs. 26.2%) and time in bed
(531.5 ± 94.2 vs. 485.5 ± 72.6 minutes) were increased, while sleep
efficiency (86.8% vs. 88.5%) was decreased during the pandemic
compared to the pre-pandemic period. Also, delayed bedtime
(25.6 ± 66.3 minutes) and wake-up time (71.7 ± 89.5 minutes) were
observed.

Since mid-March 2020, work and daily life gradually returned to
normal among most provinces in China, and the newly confirmed
cases resultedmainly from inbound cases [3]. From the end ofMarch
2020, China entered a new phase of COVID-19 since the pandemic
has been basically under control, and the measures to control it have
become less strict. For example, the government's effort has shifted
to preventing inbound cases by domestic large-scale SARS-CoV-2
nucleic acid testing and hotel-quarantining of inbound arrivals at all
points of entry. In addition, the government stressed the need to
speedily resume commerce and normal life, as soon as possible.

The different stages of COVID-19 pandemic raise a fundamental
question: was the impact of COVID-19 on insomnia different during
the early and late stages of COVID-19 pandemic? To our knowledge,
no review or meta-analysis has examined the impact of the
pandemic on sleep during the early and late stages of COVID-19
pandemic in China. To address this gap in the literature, the aims
of this study were (1) to conduct a systematic review and meta-
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analysis on the prevalence of insomnia symptoms during the
early and late stages of the COVID-19 pandemic in China, and (2) to
determine the prevalence of insomnia symptoms in specific pop-
ulations during the pandemic.

2. Methods

2.1. Search strategy

We conducted this review and meta-analysis according to
Preferred Reporting Items for Systematic Review andMeta-analysis
protocols (PRISMA-P) checklist [6]. This study was registered in the
Prospective Register of Systematic Reviews (CRD 42021236518).We
searched PubMed/Medline, EMBASE, PsycINFO and China National
Knowledge Infrastructure (CNKI) form 27th December, 2019 (when
China reported the first case of SARS-CoV-2 in Wuhan [3]) to the
2nd February, 2021 using following key terms (“sleep” OR
“insomnia”) AND (“COVID-1900 OR “SARS-COV-200) AND “China”.
Reference lists of selected studies were searched to identify further
papers. Fig. 1 depicts the study selection process.

Two researchers (Hong Z and Sun Q) independently assessed
articles for eligibility for inclusion. Any disagreements were settled
by the senior author (Li Y). The inclusion criteria were: 1) published
or online in a peer-reviewed journal; 2) articles in the English or
Chinese language; 3) population in China; 4) reported prevalence of
insomnia symptoms after the 27th December, 2019 [3]; and 5) used
well-established validated scales/questionnaires to measure sleep.
In order to diminish the bias of prevalence of insomnia symptoms
due to non-standardized scales/questionnaires, we did not include
studies that used self-designed measures or a subsection or cluster
of questions to measure sleep problems. The exclusion criteria
were: 1) use of self-designed measures or a subsection or cluster of
questions to report sleep problems; 2) abstracts; 3) articles that did
not report insomnia data; 4) reviews or case reports.

2.2. Data extraction

To confirm the accuracy, two researchers (Chen B & Dai Y)
independently extracted relevant variables (eg, first author's name,
research date, population, sample size, age, prevalence of insomnia
symptoms, anxiety symptoms, and depressive symptoms, mea-
sures of sleep, Supplementary Table 1). If the prevalence of
insomnia symptoms was provided for subgroups rather than the
total sample, they were considered as separate studies in the sub-
sequent data extraction and analyses. If the prevalence of insomnia
symptoms was provided for the total sample and subgroups
simultaneously, the data of the total samplewas extracted and used
for analyzing the estimated pooled prevalence among the overall
population, while the data of the subgroups was used for analyzing
the estimated pooled prevalence in the corresponding subgroups.

2.3. Definitions of early and late stages of COVID-19 pandemic in
China

The “early stage” of COVID-19 pandemic in China was defined as
the time between December 2019 and April 1st, 2020, and the “late
stage” of COVID-19 pandemic in China was the time after April 1st,
2020 (see Fig. 2). The reasons for choosing April 1st, 2020 as the
cut-off point were: 1) According to the official data from Chinese
Center for Disease Control and Prevention [1], the daily mortality
cases of COVID-19 in China have dropped to signal digits since
March 18th, 2020. More importantly, no daily mortality cases of
COVID-19 were reported on most days after mid-March, 2020; 2)
no newly diagnosed domestic cases were confirmed in the Chinese
mainland for the first time on March 18th, 2020 [3]; 3) all



Fig. 1. PRISMA flow diagram of study inclusion. PRISMA¼Preferred Reporting Items for Systematic Review and Meta-analysis protocols checklist.
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temporary treatment centers (ie, Fangcang shelter hospitals) were
closed on March 20th, 2020 [4], and 4) the daily life and work of
most people returned to normal since the end of March 2020 [3].

2.4. Definitions of insomnia symptoms

In this meta-analysis, insomnia symptoms were defined based
on the well-established validated scales/questionnaires that assess
insomnia symptoms from the original studies.

2.5. Assessment of study quality

The study quality was assessed using an 11-item checklist which
was recommended by the Agency for Healthcare Research and
Quality (AHRQ) [7]. An item would be scored ‘0’ if the answer was
‘NO’ or ‘UNCLEAR’; and “1” if the answer was ‘YES’, then the item
would be scored ‘1’. Article quality was assessed as follows: low
quality ¼ 0e3; moderate quality ¼ 4e7; high quality ¼ 8e11. The
total scores and detailed AHRQ checklist for each article were
provided in Supplementary Table 2.

2.6. Statistical analysis

The pooled prevalence and 95% confidence intervals (95% CIs) of
insomnia symptoms were calculated according to the Cochrane
Handbook [8]. Since the I2, an indicator of heterogeneity, was greater
than 50% in all meta-analyses, random effect was used for all models
264
[8]. As the prevalence of insomnia symptoms may vary among
different populations, subgroup meta-analyses were conducted to
assess the pooled prevalence of insomnia symptoms in the general
population, healthcare workers, COVID-19 patients, patients with
chronic medical conditions and patients with mental disorders.
Considering that the COVID-19 pandemic may have different effects
on front-line and non-front-line healthcare workers, we also calcu-
lated the pooled prevalence of insomnia symptoms within the two
subgroups, separately. In this study, “front-line healthcare worker”
was defined as employees in healthcare provisionwhowere in direct
contact with COVID-19 patients. Moreover, subgroup analyses of
different agegroups (age�50years vs.<50years)andareasof highvs.
low prevalence of COVID-19 cases (Hubei Province vs. non-Hubei
Provinces or mixed samples) were also conducted.

Meta-regressions were conducted to examine the potential risk
factors for insomnia symptoms in specific sub-populations (ie,
general population, healthcare workers, COVID-19 patients, pa-
tients with chronic medical conditions, and patients with mental
disorders). In the regression models, we always considered the
general population as the reference, while the other four sub-
populations were independent covariates. In model 1, we
included four sub-populations in the meta-regression to examine
the association of each sub-population with insomnia symptoms
compared to the general population, while in model 2 we further
adjusted for age and gender (male percentage). In model 3, we
further adjusted for prevalence of depressive and anxiety symp-
toms and areas of high or low prevalence of COVID-19 cases, given



Fig. 2. Milestone events of China during the outbreak and epidemic of COVID-19. These milestone events mainly refer to “Fighting Covid-19, China in Action”. Fangcang shelter
hospitals: large-scale, temporary hospitals, rapidly built by converting existing public venues, such as stadiums and exhibition centers, into health-care facilities. Red color, acute
phase of COVID-19 pandemic in China. Yellow color, transition period of COVID-19 pandemic in China. Both red and yellow periods indicate the early stage of COVID-19 pandemic in
China; Green color depicts the period of COVID-19 under control in China (late stage of COVID-19 pandemic in China). The “early stage” of COVID-19 pandemic in China was defined
as the time between December 2019 and April 1st, 2020, and the “late stage” of COVID-19 pandemic in China was the time after April 1st, 2020. WTO¼World Trade Organization.
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the effect of these parameters as well as anxiety and depression
may have effects on insomnia symptoms. Publication bias was only
assessed by inspection of a funnel plot if there were 10 or more
studies available for analysis [9]. Sensitivity analyses were used to
test the stability of results. A p-value<0.05 was considered statis-
tically significant. All statistical analyses were conducted by using
Stata software (STATA 14.0, Stata Corp, College Station, Texas, USA)
and R Project (R 3.4.2, R Foundation for Statistical Computing,
Vienna, Austria).

3. Results

3.1. Characteristics of included studies

A total of 395 articles and abstracts were identified in the search
strategy. Screening of titles and abstracts resulted in 271 articles for
evaluation. Upon removing ineligible articles, 81 articles were
included in this meta-analysis. Since the data were provided by
different types of populations in 14 articles, theywere considered as
separate studies in the subsequent data analyses. Thus, 98 studies
with 193,889 subjects were included in the final analyses. Among
the 98 studies, 82 (83.6%) studies were conducted during the early
stage and 8 (8.2%) were during the late stage of the COVID-19
pandemic in China, while 8 (8.2%) did not provide research dates.
Regarding the study populations, 34 studies focused on the general
population, 42 on healthcare workers, 6 on COVID-19 patients, 5 on
265
patients with chronic medical conditions and 2 on patients with
mental disorders. The main characteristics of the studies included
are presented in Supplementary Table 1. The median scores of the
AHRQ checklist were 6 points (Supplementary Table 2).

Among the 98 included studies, 56 (57.1%) assessed insomnia
symptoms using the ISI, 37 (37.7%) using the Pittsburgh Sleep
Quality Index (PSQI), 4 (4.0%) using the Athens Insomnia Scale (AIS),
and one using the Self-Rating Scale of Sleep (SRSS). The cut-off
points of sleep scales/questionnaires used to define insomnia
symptoms in each study are shown in Supplementary Table 1.

3.2. Insomnia symptoms among the overall sample during the
COVID-19 pandemic

Among the 98 studies included with 193,889 participants,
prevalence of insomnia symptoms ranged from 2.6% to 100% during
the COVID-19 pandemic in China. Random-effects meta-analysis
showed that the overall estimated pooled prevalence of insomnia
symptoms was 39.1% (95% CI 36.2e42.0%, I2 ¼ 99.5%, Fig. 3 and
Supplementary Fig. 1). Inspection of funnel plot indicated no sig-
nificant publication bias (Supplementary Fig. 2). Sensitivity analysis
confirmed the stability of the result was not violated after omitting
any particular study. Furthermore, the estimated pooled prevalence
of insomnia symptoms was close (38.4%, 95% CI 35.3e41.4%,
I2 ¼ 99.5%) when the 83 studies with moderate-to-high quality
were analyzed. The prevalence of insomnia symptoms in studies



Fig. 3. Prevalence of insomnia symptoms among specific sub-populations. Error bars indicate the 95% confidence interval.
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using different sleep scales is provided in Supplementary Fig. 1.
Subgroup analyses showed that the studies with older adults (mean
age �50 years: 49.7%, 95% CI 43.0e56.5%; mean age <50 years:
38.8%, 95% CI 35.7e42.0%; between group p ¼ 0.033,
Supplementary Fig. 3) and the people in high prevalence COVID-19
case areas (Hubei Province: 50.2%, 95% CI 42.6e57.7%; non-Hubei
Province or mixed samples: 32.9%, 95% CI 30.0e35.8%, between
group p < 0.001). had higher pooled prevalence of insomnia
symptoms (Supplementary Fig. 4).
3.3. Insomnia symptoms during the early stage of COVID-19
pandemic

Among the 82 studies with 172,607 participants, prevalence of
insomnia symptoms ranged from 2.6% to 100% during the early
stage of the COVID-19 pandemic in China. Random-effects meta-
analysis showed that the estimated pooled prevalence of insomnia
symptoms during the early stage was 37.0% (95% CI 34.1e39.9%,
I2 ¼ 99.5%, Fig. 4). Inspection of the funnel plot indicated no sig-
nificant publication bias (Supplementary Fig. 5), and sensitivity
analysis confirmed that the stability of the result was not violated
after omitting any particular study.
3.4. Insomnia symptoms during the late stage of the COVID-19
pandemic

Among the eight studies with 18,663 participants, prevalence of
insomnia symptoms ranged from 20.7% to 68.9% during the late
stage of the COVID-19 pandemic in China. Random-effects meta-
analysis showed that the estimated pooled prevalence of insomnia
symptoms during the late stage was 41.8% (95% CI 33.6e50.0%,
I2 ¼ 98.3%, Fig. 4), and sensitivity analysis confirmed that the sta-
bility of the result was not violated after omitting any particular
study. In comparing the estimated pooled prevalence of insomnia
symptoms between the early (37.0%, 95% CI 34.1e39.9%) and the
late stage (41.8%, 95% CI 33.6e50.0%) of the COVID-19 pandemic in
China, no significant difference was observed (between-group
p ¼ 0.682, Fig. 4).
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3.5. Insomnia symptoms in specific sub-populations

In order to examine the prevalence of insomnia symptoms in
specific sub-populations during the COVID-19 pandemic in China,
we conducted the following subgroup analyses among the overall
samples.
3.5.1. General population
Among the 37 studies with 155,583 subjects including the

general population samples, prevalence of insomnia symptoms
ranged from 2.6% to 60.3% during the COVID-19 pandemic in China.
Random-effects meta-analysis showed that the estimated pooled
prevalence of insomnia symptoms was 26.0% (95% CI 23.0e29.1%,
I2 ¼ 99.5%, Fig. 3). No publication bias was observed based on the
funnel plot (Supplementary Fig. 6), and sensitivity analysis
confirmed that the stability of the result was not violated after
omitting any particular study.
3.5.2. Healthcare workers
Among the 48 studies with 33,021 subjects including healthcare

workers, prevalence of insomnia symptoms ranged from 14.2% to
100% during the COVID-19 pandemic in China. Random-effects
meta-analysis showed that the estimated pooled prevalence of
insomnia symptoms was 46.4% (95% CI 40.3e52.5%, I2 ¼ 99.5%,
Fig. 3). No publication bias was observed based on the funnel plot
(Supplementary Fig. 7). Sensitivity analysis confirmed that the
stability of the result was not violated after omitting any particular
study.

Subgroup analysis by front-line vs. non-front-line healthcare
workers was conducted. There were 25 studies with 13,021 front-
line healthcare workers and 28 studies with 20,000 non-front-
line or non-specified healthcare workers. Random-effects meta-
analysis showed that the estimated pooled prevalence of insomnia
symptomswas significantly higher in front-line healthcare workers
(56.7%, 95% CI 45.9e67.5%, I2 ¼ 99.5%) compared to that in non-
front-line/non-specified healthcare workers (38.0%, 95% CI
33.8e42.2%, I2 ¼ 97.6%, between-group p < 0.001, Supplementary
Fig. 8).



Fig. 4. Forest plot of prevalence of insomnia symptoms during the early and late stages of COVID-19 pandemic in China. The “early stage” of COVID-19 pandemic in China was
defined as the time between December 2019 and April 1st, 2020, and the “late stage” of COVID-19 pandemic in China was the time after April 1st, 2020.
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3.5.3. COVID-19 patients
Among the 6 studies with 1780 COVID-19 patients, prevalence of

insomnia symptoms ranged from 10.2% to 84.7% during the COVID-
19 pandemic in China. Random-effects meta-analysis showed that
the estimated pooled prevalence of insomnia symptoms was 48.7%
(95% CI 21.6e75.8%, I2 ¼ 99.5%, Fig. 3). Sensitivity analysis
confirmed the stability of the result was not violated after omitting
any particular study.

3.5.4. Patients with chronic medical conditions
Among the five studies with 3185 subjects with chronic medical

conditions, two studies included patients with breast cancer and
the three remaining studies focused on patients with diabetes,
Parkinson's disease, and various chronic diseases, respectively.
Prevalence of insomnia symptoms among patients with chronic
medical conditions ranged from 26.2% to 68.9% during the COVID-
19 pandemic in China. Random-effects meta-analysis showed that
the estimated pooled prevalence of insomnia symptoms was 49.3%
(95% CI 32.5e66.1%, I2 ¼ 98.5%, Fig. 3). Sensitivity analysis
confirmed the stability of the result was not violated after omitting
any particular study.

3.5.5. Patients with mental disorders
Among the two studies with 320 subjects with mental disor-

ders, the prevalence of insomnia symptoms was 53.9% and 66.0%,
respectively. Random-effects meta-analysis showed that the esti-
mated pooled prevalence of insomnia symptoms was 60.9% (95% CI
49.2e72.6%, I2 ¼ 71.4%, Fig. 3).

As shown in Table 1 Model 1, meta-regression suggested that
being a healthcare worker (coef. ¼ 0.200, p < 0.001), COVID-19
patient (coef. ¼ 0.223, p ¼ 0.007), patient with a chronic medical
condition (coef. ¼ 0.229, p ¼ 0.009) or patient with a mental dis-
order (coef. ¼ 0.338, p ¼ 0.013) was significantly associated with
increased prevalence of insomnia symptoms. In model 2, after
controlling for age and gender, healthcare workers (coef. ¼ 0.298,
p < 0.001), patients with chronic medical conditions (coef. ¼ 0.295,
p ¼ 0.018) and patients with mental disorders (coef. ¼ 0.379,
p ¼ 0.006) were significantly associated with increased prevalence
of insomnia symptoms. In model 3, after controlling for age, gender,
areas of high or low prevalence of COVID-19 cases, anxiety and
depressive symptoms, healthcare workers (coef. ¼ 0.202,
p ¼ 0.002) and patients with chronic medical conditions
(coef. ¼ 0.272, p ¼ 0.045) were significantly associated with
increased prevalence of insomnia symptoms.
Table 1
Meta-regressions for prevalence of insomnia symptoms among specific sub-populations

Predictors Model 1

Coef. P 95% CI

Population type (ref ¼ general population)
Healthcare workers 0.200 <0.001 0.122 to 0.279
Patients with COVID-19 0.223 0.007 0.063 to 0.382
Patients with chronic medical conditions 0.229 0.009 0.057 to 0.401
Patients with mental disorders 0.338 0.013 0.072 to 0.604

Age (years) e e e

Gender (male %) e e e

Prevalence of anxiety symptoms (%) e e e

Prevalence of depressive symptom (%) e e e

Study areas (Hubei Province vs. non-Hubei
Provinces or mixed sample)

Because some covariates were not provided in some original articles, Model 1, model 2,
Characters in bold indicate p < 0.05.
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4. Discussion

This systematic review and meta-analysis included 98 studies
from 81 articles, with a total of 193,889 participants, and examined
the prevalence of insomnia symptoms during early and late stages
of the COVID-19 pandemic, as well as insomnia symptoms in
different populations during the COVID-19 in China. The main
findings of our study indicate that the prevalence of insomnia
symptoms among all populations is rather high, raising up to 39.1%,
and the pooled prevalence of insomnia symptoms does not differ
between the early (37.0%) and late (41.8%) stages of the COVID-19
pandemic in China suggesting that this sleep complaint sustains
high in the mid-term. Furthermore, our meta-regression analysis
suggests that healthcare workers, COVID-19 patients, patients with
chronic medical conditions and patients with mental disorders are
more likely to have insomnia symptoms compared to the general
population during the COVID-19 pandemic in China. This associa-
tion remains significant in healthcare workers and patients with
chronic medical conditions after adjusting for age, gender, areas of
high or low prevalence of COVID-19 cases, anxiety and depressive
symptoms.

In the current meta-analysis, the prevalence of insomnia
symptoms among all populations is 39.1%. Our finding appears to
be slightly higher compared to the prevalence of 35.7% reported in a
recent meta-analysis for the pooled prevalence of insomnia
symptoms in adults from 13 countries [10]. In this previous meta-
analysis, subgroup analysis by country determined that the
pooled prevalences of insomnia symptoms in China, Italy, France
and Germany were 26.5%, 55%, 50.8% and 38.8%, respectively. The
higher prevalence of insomnia symptoms in our study could be
attributed to themethodological differences that we includedmore
studies on healthcare workers (48.9% vs. 33.0%) that are known to
present higher prevalence of insomnia symptoms compared to the
general population due to increased workload and higher risk of
being infected with COVID-19 [11e13].

Interestingly, we did not observe a significant difference in
pooled prevalence of insomnia symptoms between the early and
late stages, though the COVID-19 spread has been controlled in
China and the daily life has returned to a relatively normal situa-
tion. These findings suggest that the effects of COVID-19 on
insomnia symptoms may persist, suggesting long-term follow-up
and interventions for sleep are needed. However, since the COVID-
19 pandemic is still continuing in many other countries, our find-
ings may not be generalized to these countries. Further prolonga-
.

Model 2 Model 3

Coef. P 95% CI Coef. P 95% CI

0.298 <0.001 0.197 to0.400 0.202 0.002 0.079 to 0.325
0.147 0.148 �0.053 to 0.349 0.156 0.207 �0.090 to 0.404
0.295 0.018 0.051 to 0.539 0.272 0.045 0.006 to 0.539
0.379 0.006 0.113 to 0.645 0.335 0.062 �0.018 to 0.689
0.004 0.106 �0.001 to 0.010 0.004 0.271 �0.003 to 0.012
0.002 0.120 �0.001 to 0.004 0.002 0.180 �0.001 to 0.004
e e e 0.000 0.836 �0.001 to 0.001
e e e 0.000 0.825 �0.001 to 0.001

0.047 0.429 �0.072 to 0.167

and model 3 included 98, 77, 47 studies, respectively.
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tion of the COVID-19 pandemic may further worsen insomnia and
insomnia-related psychological and medical issues. Thus, long-
term follow-up for sleep disturbance is warranted.

Risk factors for insomnia symptoms during the early and late
stages of the COVID-19 pandemic may differ. During the early
stage, insomnia symptoms have been reported to be mainly
associated with acute psychological reactions due to the rapid
spread of the disease (ie, fear of getting SARS-CoV-2 infected) and
the strict implementations for controlling the COVID-19 pandemic
(ie, quarantine, social distancing, lockdown, school and factory
shut-down, limited access to hospitals, and traffic restrictions)
[14,15], as well as poor sleep hygiene [5,16]. During the late stage
of the COVID-19 pandemic, insomnia symptoms are associated
with long-term effects of the COVID-19 pandemic on economic
stress [17,18] and mental health problems [19e21]. Before the
COVID-19 pandemic, the prevalence of insomnia symptoms in
China was 15% in the adult general population [22] and 35.9%
among older adults [23]. In the current meta-analysis, prevalence
of insomnia symptoms among the general population was 26.0%,
which is higher than the prevalence in the adult general popula-
tion [22] but lower than for older adults [23] before the COVID-19
pandemic in China. A recent meta-analysis [10] showed that,
similar to our study, the pooled prevalence of sleep problems in
China during the COVID-19 pandemic was 26.5%. In a previous
study conducted by our group during the COVID-19 outbreak in
China, we found that worsened insomnia during COVID-19
outbreak was significantly associated with stress, anxiety and
depressive symptoms and prolonged time in bed [5]. It appears
that psychological symptoms and insomnia symptoms may have a
bidirectional relationship during the COVID-19 pandemic, sug-
gesting that sleep specialists should consider psychiatric comor-
bidities and sleep hygiene education when treating sleep
problems and vice versa. Compared to a recent meta-analysis
evaluating the prevalence of insomnia symptoms during the
COVID-19 from 13 countries [10], the pooled prevalence of
insomnia symptoms was lower in our study (26% vs. 32%). Our
findings of lower prevalence of insomnia symptoms in the general
population in China during the COVID-19 pandemic is consistent
with the subgroup analysis by country in this meta-analysis [10].
In this meta-analysis, the authors reported that the estimated
pooled prevalence of insomnia symptoms in China is lower than in
Italy, France and Germany [10].

Our findings show a very high e almost double compares to the
general population-pooled prevalence of insomnia symptoms in
healthcare workers that increased during the pandemic compares
to the pre-pandemic period [24]. This may be due to increased
COVID-19-related stress and workload during the pandemic.
Importantly, the association remains significant even after adjust-
ing for age, gender, areas of high or low prevalence of COVID-19
cases, anxiety and depressive symptoms, suggesting that
insomnia symptoms may be independent of psychological symp-
toms. Other factors, ie, shift work, poor sleep environment and
high-intensity work, may play amore important role in insomnia in
healthcare workers during the COVID-19 pandemic. As expected,
front-line healthcare workers had a higher prevalence of insomnia
symptoms compared to non-front-line healthcare workers. This
finding may be associated with direct contact with COVID-19 pa-
tients [25e27]. Thus, front-line healthcare workers may have a
higher risk of being infected by COVID-19, more intensive work
[28], isolation from their families [11,29] and higher levels of
COVID-19-related stress, anxiety, depression [30e32]. In contrast to
our study, two recent meta-analyses reported slightly lower prev-
alence of insomnia symptoms among healthcare workers [10,33].
The reasons for the discrepancy are not clear. Since insomnia
symptoms are risk factors for the development of anxiety and
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depression, our findings emphasize the importance of intervening
insomnia symptoms before it evolves into more complex and
enduring psychological responses.

We also show that COVID-19 patients have higher prevalence of
insomnia symptoms compare to the general population (48.7% vs.
26.0%). In meta-regression analyses, after adjusting for age, gender,
areas of high or low prevalence of COVID-19 cases, anxiety and
depressive symptoms, this association disappear, suggesting it may
be moderated by these covariates. The higher prevalence of
insomnia symptoms in COVID-19 patients could be directly asso-
ciated with the symptoms of COVID-19 per se, such as cough, fever,
difficulty in breathing and physical pain, all of which have been
reported to be associated with disturbed sleep [34,35], the psy-
chological effect of the disease or hospitalization, ie due to fears
related to adverse outcomes of the infection, isolation in a ward,
lack of stimulation of the 24-h circadian rhythm in the ward,
extremely prolonged time in bed, and a poor sleep environment in
the hospital. Finally it may relate to side effects of medications
administered for the treatment of COVID-19, such as steroid
medication, may also affect sleep. We found 48.7% of COVID-19
patients had insomnia symptoms, which is lower than the previ-
ous meta-analysis showing that of 75% COVID-19 patients had
insomnia symptoms [10]. This difference may be due to method-
ological issues, such as smaller sample size, and different origin of
the populations included, ie China vs. Europe. The latter may be
related to different way of hospitalization payment, ie Public vs.
individual and pressure to the health care system etc.

The pooled prevalence of insomnia symptoms in patients with
chronic medical conditions during COVID-19 pandemic in China is
49.3%, which is within the range of 35.4%e88.1% reported in other
countries [36e38]. This finding remains higher compare to the
general population, even after controlling for age, gender, areas of
high and low prevalence of COVID-19 cases, anxiety and depressive
symptoms, and may be multifactorial. First, as previously demon-
strated that the prevalence of insomnia symptoms is higher in
patients with chronic medical conditions compared to healthy
controls [39e41], independently of the pandemic. This may be
related to the underlying symptoms of the disease per se, such as
pain. Other factors may be restricted access to health care system
due to increased medical care need [44e46], home quarantine,
travel restrictions and fear of getting infected [48,49] associated
with stress, anxiety and depression [36,42e47]. More attention
should be paid to such populations and effective measures such as
modifications to standard treatment paradigms, establishing spe-
cial clinics (ie, special clinics to care for central venous catheter
patients weekly), and telemedicine are needed.

The pooled prevalence of insomnia symptoms in patients with
mental disorders during COVID-19 pandemic in China is 60.9%,
which is the highest among different populations. In a nationwide
survey which was conducted during the acute phase of COVID-19
pandemic in China, we found that mental health disorder is a risk
factor for developing worsened insomnia symptoms [5], which is
consistent with the current study. In this current study, after con-
trolling for areas of high and low prevalence of COVID-19 cases,
anxiety and depression status, the association between mental
disorders and insomnia symptoms becomes weaker andmarginally
significant, suggesting that insomnia symptoms in patients with
mental disorders may be moderated by concerns to the high
COVID-19 epidemic. The reasons for higher prevalence of insomnia
symptoms among patients with mental disorders may be associ-
ated with increased vulnerability to stress among patients with
mental disorders [48e51], resulting in relapses or deterioration of
an already existing mental issue. For example, in a nationwide
survey which was conducted during the acute phase of the COVID-
19 pandemic, we found that adults with mental disorders had
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higher odds for developing COVID-19 stress, worsened anxiety, and
depressive and insomnia symptoms compared to individuals
without mental disorders [21]. Furthermore, nationwide travel re-
strictions and quarantine during the acute phase of COVID-19
pandemic resulted in suspended hospital visits, which prevented
patients with mental disorders from attending regular outpatient
visits for evaluations and medication prescriptions. Based on a
psychiatric and neurological outpatient-based survey during the
acute phase of the COVID-19 pandemic in China, 22.0% of patients
diagnosed with mental disorders could not receive routine psy-
chiatric care because of the suspended hospital visits [52]. Cessa-
tion or irregular administration of medication could be another
major reason for deterioration of emotional status and insomnia in
mentally ill patients. Since this group of patients is often neglected
following a disaster, our findings suggest that more attention,
including timely psychological intervention and telemedicine,
needs to be provided as soon as possible.

Subgroup analyses show that older adults have a higher prev-
alence of insomnia symptoms during the COVID-19 pandemic in
China, which is consistent with previous studies [53e56]. However,
all of the studies in this subgroup are either healthcare workers or
patients with chronic medical conditions, and the association be-
tween age and prevalence of insomnia symptoms after adjusting
for different specific populations and gender is non-significant in
meta-regression models, suggesting that the finding could be
explained by the predisposition of insomnia in healthcare workers
and patients with chronic medical conditions. Furthermore, sub-
group analyses suggest that pooled prevalence of insomnia symp-
toms is higher in Hubei Province compared to other regions of
China, which is consistent with previous studies reporting more
frequent adverse psychological reactions and higher prevalence of
insomnia symptoms in areas with a higher prevalence of COVID-19
cases [16,57e59].

4.1. Clinical implications and future research directions

The high prevalence and similar levels of insomnia symptoms
during the early and late stages of COVID-19 pandemic suggest that
sleep intervention services focusing on sleep improvement, such as
sleep hygiene, cognitive behavior therapy, mindfulness-based
therapy, and medications need to be considered. Furthermore,
since insomnia symptoms persist after the acute phase of the
pandemic and may persist for a relative long period, long-term
sleep follow-up and intervention services should also be consid-
ered. Findings of the current study identify a range of directions for
future research. First, longitudinal studies need to be conducted to
better understand the short and long-term effects of COVID-19 on
sleep in different populations. Second, COVID-19 effects on objec-
tive sleep need to be examined. Finally, since insomnia symptoms
are risk factors for mental disorders [60,61] and cardiometabolic
diseases [62], longitudinal studies should also examine the long-
term effects of COVID-19-related insomnia symptoms on mental
health problems (ie, post-traumatic stress disorder, obsessive
compulsive disorder, depression and anxiety disorders) and car-
diometabolic diseases.

4.2. Strengths and limitations

Our systematic review and meta-analysis has the following
strengths: 1) it includes 98 studies from 81 articles with 193,889
participants; 2) careful selection of included studies that used
standardized questionnaires/scales to assess insomnia symptoms;
3) is the first study to compare the prevalence of insomnia symp-
toms during the early and late stages of COVID-19 pandemic, and 4)
is the first meta-analysis to include anxiety and depression as
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covariates in meta-regression analyses to examine the independent
association of different populations with insomnia symptoms
during the COVID-19 pandemic. However, some limitations should
be acknowledged. First, the heterogeneity is high. However, find-
ings of sensitivity analysis suggest our results are stable. Differences
in the prevalence of insomnia symptoms in different populations
may explain the high heterogeneity. Another possible explanation
for the high heterogeneity may be associated with different sleep
measures for assessing insomnia symptoms across different time
frames (eg, PSQI and AIS assess symptoms during the past month,
while the ISI assesses symptoms during the past 2 weeks). How-
ever, it has been reported that there is no significant difference
regarding the sensitivity and specificity of the diagnostic accuracy
among the PSQI, ISI and AIS for screening insomnia [63]. Second,
the number of studies that were conducted during the late stage of
COVID-19 pandemic in China is relatively small, which prevents
further analyses of the prevalence of insomnia symptoms in
different specific sub-populations during the late stage of the
COVID-19 pandemic.

5. Conclusions

Over one third of our sample present insomnia symptoms dur-
ing the early stage of COVID-19 pandemic in China. Interestingly,
prevalence of insomnia symptoms sustains high during the late
stage of the pandemic despite the control of the disease and the
amelioration of its adverse effects. Our findings suggest that
insomnia symptoms related to COVID-19 appear to persist of over
time. Healthcare workers, patients with COVID-19, patients with
chronic medical conditions and patients with mental disorders
have higher prevalence of insomnia symptoms compare to the
general population. Future studies may examine the long-term
effects of COVID-19 on sleep and its adverse effects on health in
different populations.
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