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a b s t r a c t

Objective: We conducted a systematic review and meta-analysis to provide an update on sleep quality in
different world areas and better characterize subjective sleep alterations during the COVID-19 pandemic.
Considering gender distribution and specific pandemic-related parameters, we also intend to identify
significant predictors of sleep problems.
Methods: Six electronic databases were searched from December 2019 to November 2021 for studies
investigating sleep during COVID-19 employing the Pittsburgh Sleep Quality Index, the Medical Out-
comes Study Sleep, the Insomnia Severity Index or the Epworth Sleepiness Scale. Random-effects models
were implemented to estimate the pooled raw means of subjective sleep alterations. Also, we considered
the role of several pandemic-related parameters (i.e., days from the first COVID-19 case, government
stringency index, new cases for a million people, new deaths for a million people) by means of meta-
regression analyses.
Results: A total of 139 studies were selected. The pooled mean of the global Pittsburgh Sleep Quality
Index score (PSQIgen) was 6.73 (95% CI, 6.61e6.85). The insomnia severity index score was reported from
50 studies with a pooled mean of 8.44 (95% CI, 7.53e9.26). Subgroup analyses confirmed that most
subcategories had poor sleep quality and subclinical insomnia. Meta-regressions showed that PSQIgen
was predicted by days from the first COVID-19 case and government restrictions with a negative slope
and by female gender with a positive slope. The government stringency index was positively correlated
with the direct subjective evaluation of sleep quality.
Conclusions: We found an overall impaired sleep and widespread subthreshold insomnia during the
COVID-19 pandemic. The female percentage seems to be the best predictor of impaired sleep quality,
consistently to the available literature. Noteworthy, sleep alterations were inversely associated with
governmental restrictions and decreased during the pandemic. Our results give a contribution to criti-
cally orienting further studies on sleep since COVID-19 pandemic.

© 2022 Elsevier B.V. All rights reserved.
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1. Introduction

The pandemic caused by the Coronavirus disease (COVID-19)
has been considered a significant stressful life event associated
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with increased psychological problems, including poor sleep
quality [1,2]. Several studies [2e6] published between December
2019 and November 2021 carried out in different countries
worldwide investigated sleep problems during the COVID-19
pandemic by self-report questionnaires and confirmed a trend to-
wards sleep disruption.

Recently, meta-analyses on sleep disturbances during the
pandemic have been published [7e14]. Three studies reported a
global prevalence of sleep disturbance during the COVID-19
pandemic of approximately 30e40% [7,8,10], with the highest rate
of sleep disturbance in patients with COVID-19 infection (52e75%)
[7,8,10]. Notably, two of these meta-analyses included in-
vestigations using both validated instruments and researcher-
developed items designed to measure sleep alterations [7,8]. Most
of the meta-analyses focused on healthcare workers [11,12,14,15]
and reported a rate of sleep disturbances e assessed by the Pitts-
burgh Sleep Quality Index (PSQI; [16]), the Insomnia Severity Index
(ISI; [17]) and the Athens Insomnia Scale (AIS; [18]) - around 35% in
this population [12,15], with a prevalence greater than 40% among
health professionals [11,14]. Moreover, to the best of our knowl-
edge, previous meta-analyses did not investigate either specific
sleep symptoms or the relationship between these alterations and
pandemic-related parameters referred to the time interval the data
were collected in.

The aim of this meta-analysis is threefold. First, to provide an
update about sleep quality data in different populations during
COVID-19 pandemic, and in different world areas. Second, to pro-
vide a better characterization of the subjective sleep alterations
according to standardized self-report parameters of sleep quality.
Third, to establish a quantitative relationship between specific
sleep alterations and pandemic-related measures. In particular, we
aim to assess the best predictors of sleep alterations through meta-
regressions, considering the gender distribution in the surveys, the
time between the research and the announcement of the first
COVID-19 case, the government stringency index (GSI), new cases
for a million people, and new deaths for a million people.
2. Materials and methods

This study followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines [19] and was
registered to the PROSPERO international database of the Univer-
sity of York Centre for Reviews (https://www.crd.york.ac.uk/
prospero/) (ID: CRD42021298474) to guarantee transparency and
quality standards of the review.
2.1. Search strategy

One author (AA) performed a systematic literature search using
five electronic databases (PubMed, MEDLINE, ScienceDirect, Sco-
pus, Web of Science) fromDecember 1, 2019, to November 30, 2021.
We searched for title and abstract using the following string:
(COVID-19 OR coronavirus OR 2019-nCoV OR SARS-CoV-2) AND
(sleep disorders OR sleep problems OR sleep quality OR sleep dif-
ficulties) AND (Pittsburgh Sleep Quality Index OR Medical Out-
comes Study Sleep OR Insomnia Severity Index OR Epworth
Sleepiness Scale). Additionally, we expanded our search through
other sources (i.e., backward, and forward citation tracking of all
included articles). Once duplicates were removed, to establish
which papers met eligibility criteria two authors (AA and VF)
independently screened titles, abstracts, tables, and graphs in the
first screening step, and full texts in the second eligibility step.
Disagreements between the two judges were resolved by
consensus.
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2.2. Inclusion and exclusion criteria

According to the Population, Intervention, Comparison,
Outcome, Study design (PICOS) approach, the inclusion criteria
were: 1) Population: general population of any age and gender,
without major sleep disorder, medical and psychiatric comorbidity;
2) Intervention: exposure to COVID-19 pandemic (i.e., studies
conducted from December 2019); 3) Comparison: not available; 4)
Outcomes: subjective standardized measures of sleep quality (i.e.,
PSQI [16], Medical Outcomes Study Sleep - MOS-S [20], ISI [17],
Epworth Sleepiness Scale - ESS [21]) 5) Study design: no limits of
study design were imposed.

The exclusion criteria were: 1) data collected outside the time-
line of COVID-19 pandemic; 2) data not including subjective sleep
assessment using PSQI or MOS-S or ISI or ESS; 3) sample with sleep
or psychiatric disorders or pathological health conditions; 4)
sample with COVID-19 patients; 5) sample with pregnant women;
6) participants undergoing interventions or therapies to improve
sleep quality; 7) review or meta-analysis papers (2% of screened
papers); 8) gray literature (1% of screened papers); 9) papers that
were not written in English; 10) papers that did not report data
needed for meta-analytic calculations (i.e., mean values).
2.3. Outcome

The studies assessing sleep alterations by means of the PSQI
[16], the MOS-S [20], the ISI [17], and the ESS scales [21] were
considered in this meta-analysis. The PSQI is a self-report ques-
tionnairewhich provides an estimate of global sleep quality relative
to the previous 30 days. The global score (PSQIgen) ranges from 0 to
21, with a cutoff >5 indicating “poor sleepers”. Besides the global
score, different sleep features are defined by specific sub-
components: PSQIc1 ¼ Subjective sleep quality; PSQIc2 ¼ Sleep la-
tency; PSQIc3 ¼ Sleep duration; PSQIc4 ¼ Habitual sleep efficiency;
PSQIc5 ¼ Sleep disturbances; PSQIc6 ¼ Sleeping medication use;
PSQIc7 ¼ Daytime dysfunction [16]. The ISI is a self-questionnaire to
estimate the nature, severity, and impact of insomnia on a scale
from 0 to 28. Score ranges can be interpreted as: 0e7 ¼ “no
insomnia”, 8e14 ¼ “mild insomnia”, 15e21 ¼ “moderate insomnia,
and 22e28 ¼ “severe insomnia” [17]. Also, the MOS-S is a self-
report questionnaire providing an estimate of sleep disturbance.
The MOS-S is divided in six subscales: sleep disturbance, snoring,
respiratory/shortness of breath, sleep quantity, adequacy of sleep,
and daytime somnolence [20]. Lastly, the ESS is a self- report
questionnaire that assesses daytime sleepiness on a scale from 0 to
24. Scores of 10 and above indicate “excessive daytime sleepiness”
[21].

The included studies were categorized according to the
following populations: children (age range: from 2 to 5 years),
adolescents (age range: from 11 to 19 years), general population,
healthcare workers and students (university students). Also, the
studies were classified according to the present world regions:
Africa, America, Asia, Europe, International, Middle East, Oceania.

Moreover, the following COVID-19 pandemic-related measures
were hypothesized to predict sleep alterations: GSI, new cases for a
million people, and new deaths for a million people. The GSI is a
measure calculated by the Oxford Coronavirus Government
Response Tracker. This index is compounded from the following
metrics: school closures; workplace closures; cancellation of public
events; restrictions on public gatherings; closures of public trans-
port; stay-at-home requirements; public information campaigns;
restrictions on internal movements; and international travel con-
trols [22]. From this web link is possible to see how the index was
calculated.

https://www.crd.york.ac.uk/prospero/
https://www.crd.york.ac.uk/prospero/
https://github.com/OxCGRT/covid-policy-tracker/blob/master/documentation/index_methodology.md
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2.4. Data extraction

One author (AA) recorded the information from the included
studies using a pre-defined datasheet form. A second author (VF)
cross-checked this step. We extracted the following study charac-
teristics: 1) sample sizes; 2) measures used to assess sleep quality;
3) study location; 4) percentage of female participants; 5) age
(mean, median, or interval); 6) type of population (e.g., students,
health workers); 7) period in which the study was conducted; 8)
data for meta-analytic calculations. From the web link
ourworldindata.org, we also extracted the following data: GSI, new
cases for a million people, new deaths for a million people. These
data were gathered for each country considering the timeline in
which the research was done.

2.5. Quality appraisal

We used the NewcastleeOttawa Scale (NOS) [23] for cross-
sectional studies to assess the risk of bias of included papers. The
NOS consists of three domains: selection (e.g., sample size),
comparability (e.g., the subjects in different outcome groups are
comparable, based on the study design or analysis), and exposure
or outcome (e.g., ascertainment of exposure, assessment of the
outcome). A study can be awarded a maximum of one star for each
item within the selection and outcome domains. A maximum of
two stars can be given for the comparability domain. The total
scores range from 0 to 10, with higher score indicating higher study
quality. The studies with scores <5 were considered papers with a
high risk of bias [24]. Two authors (AA and VF) independently
assessed the risk of bias and disagreements between the two judges
were resolved by discussion.

2.6. Data analysis

The analysis was performed with R, version 4.1.2, using meta
[25] and dmetar [26] packages. Random-effects models were
implemented to estimate the pooled raw means of subjective sleep
alterations during COVID-19. More specifically, we calculated the
pooled means using the inverse variance method with
DerSimonian-Laird estimator [27] to calculate the heterogeneity
variance t2 and Jackson method [28] for confidence intervals of t2

and t, while the Hartung-Knapp adjustment [29,30] was applied to
address uncertainty in estimate of the between-study variance.
Publication bias was assessed by the visual inspection of the funnel
plots [31], Begg & Mazumdar's rank correlation test [32] and
Egger's test for funnel plot asymmetry [31]. If the publication bias
was statistically significant, the trim-and-fill method [33] to adjust
for funnel plot asymmetry was applied. We tested between-study
heterogeneity with Cochran's Q [34] and I2 statistic [35], where I2

values of 25%, 50% and 75% reflect low, moderate, and high amount
of heterogeneity, respectively. Afterward, subgroup analyses under
random-effects models were conducted to identify possible sources
of heterogeneity according to the following categorical variables:
study location (i.e., America, Asia, Europe, Middle East, Oceania),
type of population (i.e., adolescents, children, general, health
workers, students), gender (i.e., only males; only females; both)
and risk of bias (i.e., high, low). Q-tests were used to evaluate
whether subgroup differences are large enough not to be explained
by sampling error alone [36]. We also hypothesized that the raw
means may be predicted by the following continuous variables:
female percentage, days (i.e., number of days between the central
day of the research and December 31, 2019), GSI, new cases for a
million people, and new deaths for a million people. Therefore, we
carried out six meta-regressions under random-effects models for
each global scale and single component. Lastly, multimodel
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inference (i.e., 64 fitted models) was employed to evaluate the
averaged importance of each predictor in explaining differences in
pooled raw means [36] (see Supplementary Document 1).

3. Results

3.1. Study selection

A total of 1084 records were identified through database
searching and other sources (PubMed ¼ 271, MEDLINE ¼ 251,
ScienceDirect ¼ 63, Scopus ¼ 257, Web of Science ¼ 218, Other
sources ¼ 24). After removing duplicates, 456 records were
retained and screened based on the title, abstract, tables and
graphs. A total of 139 potential papers were full-text screened, and
no additional studies were excluded during the second eligibility
step. Hence, a total of 139 articles [37�175] were included in the
systematic review and meta-analysis. The PRISMA flow diagram
(Fig. 1) summarizes the entire process.

3.2. Study characteristics

A detailed description of the included studies is reported in
Table 1. One hundred-thirty-nine papers were included in our
systematic review involving participants from 30 countries. The
median number of participants was 338. Excluding manuscripts
that reported age as range or median (i.e., 28%) [41,44e46,
48,59,61e63,69,73,75], [84,87,96,98e101,104,111,112,121], [126,134,
137,141,144,145,147], [158,161,163e165,167,169,175], the mean age
of the participants was 32.22 ± 9.35 years. Regarding the admin-
istered sleep measures, 103 studies reported PSQI scores. Specif-
ically, 100 reported PSQI global scores [37e40,42,43,45],
[46,48e53], [55e63,65e68], [70e73,75,77e84,86,87], [91e94,
96e98,102,103,106e110], [113e116,119,120,122e125], [127e132,
134e141], [143e146,149e151,153e156], [158,159,164,165,168,
169,171e173], 43 reported both PSQI global score and subscale
scores [37e39,41,43,45,46,49], [53,61,65,66,70,71,73,80,82],
[83,87,91,94,97,102,107e109], [114,119,124,134,140,141,143e145],
[148,149,153,154,160,164,169,171] and 3 studies only PSQI subscale
scores [41,148,160]. Further, 41 studies reported ISI scores
[44,47,50,54,64,69,74], [76,85,88e90,95], [99e101,104,105,
110e112], [117,118,121,126,128,129], [133,139,142,147,152,157],
[161e163,166,167,170,174,175]. No study reported the mean score of
the MOS-S, while only two studies [67,129] reported the mean
score of the ESS. For this reason, wewere not able to performmeta-
analytic analyses on MOS-S and ESS scores.

The type of populationwas categorized as follow: adolescents (6
studies) [71,81,87,92,108,138], children (1 study) [38], general
population (66 studies) [40,42,43,46,48,49], [51e57,59,60,64e66],
[68e70,72,73,76,78e80], [82e85,88,89,101,103], [104,109,
110,113,117,120,121], [123,128,129,131,134,135,137], [139,141e145,
147,150e152], [154,155,157,159,161,163,167], health workers (53
studies) [37,39,41,44,45,47,50,58], [61e63,67,74,77,90,91,93e99],
[102,105,107,111,112,115,118,119], [122,126,127,130,132,146,148,149],
[153,156,158,160,162], [164e166,168,169,171e174], students (13
studies) [75,86,100,106,114,116,124], [125,133,136,140,170,175].

3.3. Study quality

The Newcastle-Ottawa Scale (NOS) for cross-sectional studies
was used to assess the methodological quality of included papers,
obtaining homogeneous results. The total scores ranged from 3 to 6.
Most of the studies (114) [37e46], [48e60], [63e68],
[70e73,75e77], [79e89,91,93e99], [101e110,113e117], [119e126,1
28e131], [133e137,139,141e147], [149e159,161], [163e165,167,
169,171,173] got a low risk of bias (see Table 1). In most of the

http://ourworldindata.org


Fig. 1. PRIMA search flow.
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included studies the sample size was justified and satisfactory, also
ensuring the assessment of sleep quality in a valid and reliable way.
We established that there was no comparability between re-
spondents’ and non-respondents’ characteristics, therefore we
assigned always zero to this item. Lastly, the assessment of the
outcome was done by self-reported questionnaires, consequently
we assigned one point to this domain.
3.4. Meta-analysis

The PSQIgen was reported in 100 studies, from which we were
able to derive 115 records (k ¼ 115, n ¼ 81,320). The PSQIgen pooled
mean was 6.73 (95% CI, 6.61e6.85) with a significant and high
heterogeneity (Q ¼ 220,984, df ¼ 114, p<0.001; I2 ¼ 99.9%). Both
Egger's and Begg and Mazumdar's tests did not indicate possible
publication bias (ps > 0.05). Next, ISI score was reported from 50
included studies showing a pooledmean of 8.44 (95% CI, 7.53e9.26)
with a still pronounced heterogeneity (Q ¼ 220,984, df ¼ 49,
p<0.001; I2 ¼ 100%). Formal tests did not indicate funnel plot
asymmetry (both ps > 0.05) We also calculated the pooled means
for all sub-components of PSQI. More details on these analyses are
reported in Table 2. Note that in case of statistically significant
publication bias (i.e., PSQIc1, PSQIc3, PSQIc4, PSQIc6, PSQIc7), the trim-
and-fill procedure was applied to adjust for funnel plot asymmetry.
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3.5. Subgroup analyses

A series of subgroup analyses were conducted to explore po-
tential sources of heterogeneity addressing the roles of study
location, type of population, gender, and risk of bias. Although
heterogeneity remained still pronounced in all analyses (see Sup-
plementary Document 1), several tests of subgroup differences
were meaningful as shown in Table 3. First, we found significant
subgroup effects of study location on PSQIgen (p < 0.001), PSQIc1
(p¼ 0.004), PSQIc2 (p< 0.001), PSQIc5 (p¼ 0.004), PSQIc7 (p<0.001),
and ISI (p < 0.001) scores. Then, subgroup effects of type of popu-
lationwere significant on PSQIc1 (p¼ 0.02), PSQIc2 (p¼ 0.01), PSQIc3
(p < 0.001), PSQIc7 (p < 0.001) scores. Lastly, subgroup effects of risk
of bias were statistically significant on PSQIgen (p ¼ 0.003) and
PSQIc7 (p¼ 0.01) scores. More details on these analyses, such as the
pooled raw means calculated for each subgroup, were reported in
Supplementary Document 1. Findings from subgroup analyses
highlighted that most of the subcategories with respect to
geographic distribution, gender, population, and risk of bias re-
ported poor sleep quality (i.e., PSQIgen > 5) and subthreshold
insomnia (i.e., ISI >7).
3.6. Meta-regression analyses

As a further step, we verified whether the meta-analytic



Table 1
Study characteristics.

Author Country Sample (n) Female Age Type of pop. Measure NOS

Abbas et al., 2021 [37] Kuwait 217 0.44 x

̄

¼ 35.8y health w. PSQIgen-sub 5
Abid et al., 2021 (a) [38] Tunisia 48 1 x

̄

¼ 8.66y children PSQIgen 5
Abid et al., 2021 (b) [38] Tunisia 52 0 x

̄

¼ 8.66y children PSQIgen 5
Akıncı and Başar, 2021 [39] Turkey 152 0.63 x

̄

¼ 35.8y health w. PSQIgen-sub 5
Akkuş et al., 2021 [40] Turkey 595 0.66 x

̄

¼ 27.9y general PSQIgen 6
Al Maqbali, 2021 [41] Oman 987 0.91 >18y health w. PSQIsub 5
Al-Musharaf et al., 2021 [42] Saudi Arabia 297 1 x

̄

¼ 20.7y general PSQIgen 5
Alfonsi et al., 2021 (a) [43] Italy 72 1 x

̄

¼ 35.68y general PSQIgen-sub 6
Alfonsi et al., 2021 (b) [43] Italy 28 0 x

̄

¼ 35.68y general PSQIgen-sub 6
AlGhufli et al., 2021 (a) [44] UAE 338 1 18y to 60y health w. ISI 5
AlGhufli et al., 2021 (b) [44] UAE 62 0 18y to 60y health w. ISI 5
Alharbi et al., 2021 (1) [45] Saudi Arabia 238 0.84 30 to > 40y health w. PSQIgen-sub 6
Alharbi et al., 2021 (2a) [46] Saudi Arabia 419 1 >18y general PSQIgen-sub 6
Alharbi et al., 2021 (2b) [46] Saudi Arabia 371 0 >18y general PSQIgen-sub 6
Ali et al., 2021 [47] Bangladesh 294 0.43 x

̄

¼ 28.86y health w. ISI 4
Alqahtani et al., 2021 (a) [48] Saudi Arabia 251 1 20y to > 50y general PSQIgen 6
Alqahtani et al., 2021 (b) [48] Saudi Arabia 342 0 20y to > 50y general PSQIgen 6
AlRasheed et al., 2021 [49] Saudi Arabia 353 0.63 x

̄

¼ 27.8y general PSQIgen-sub 6
Amra et al., 2021 [50] Iran 337 0.65 x

̄

¼ 34.5y health w. PSQIgen/ISI 5
Assenza et al., 2020 [51] Italy 472 0.8 x

̄

¼ 42.3y general PSQIgen 5
Banthiya et al., 2021 [52] India 808 0.57 x

̄

¼ 30.85y general PSQIgen 6
Barrea et al., 2020 [53] Italy 121 0.64 x

̄

¼ 44.9y general PSQIgen-sub 6
Bartoszek et al., 2020 [54] Poland 471 0.86 x

̄

¼ 25.5y general ISI 6
Başkan and Güneş, 2021 [55] Turkey 1909 0.69 x

̄

¼ 31.93y general PSQIgen 6
Bazzani et al., 2021 (a) [56] Italy 803 1 x

̄

¼ 39.17y general PSQIgen 6
Bazzani et al., 2021 (b) [56] Italy 495 0 x

̄

¼ 39.17y general PSQIgen 6
Bhat et al., 2020 [57] International 264 0.28 x

̄

¼ 31.45y general PSQIgen 6
Bilgiç et al., 2021 [58] Turkey 316 0.85 x

̄

¼ 32.24y health w. PSQIgen 5
Bücker et al., 2021 [59] Brazil 327 0.74 18y to 72y general PSQIgen 5
Cellini et al., 2020 (a) [60] Italy 501 0.63 x

̄

¼ 26y general PSQIgen 6
Cellini et al., 2020 (b) [60] Italy 809 0.70 x

̄

¼ 22.6y students PSQIgen 5
Chen et al., 2021 (1) [61] China 597 0.88 18y to > 46y health w. PSQIgen-sub 4
Chen et al., 2021 (2) [62] China 20 0.55 me ¼ 35y health w. PSQIgen 3
Cheng et al., 2020 [63] China 534 0.82 20 to > 50y health w. PSQIgen 5
Cheng et al., 2021 [64] USA 196 0.78 x

̄

¼ 44.7y general ISI 6
Conte et al., 2021 (1) [65] Italy 82 0.49 x

̄

¼ 34.5y general PSQIgen-sub 6
Conte et al., 2021 (2) [66] Italy 214 0.74 x

̄

¼ 36.79y general PSQIgen-sub 6
Costa et al., 2021 [67] Italy 119 0.53 x

̄

¼ 30.66y health w. PSQIgen 5
Czenczek-Lewandowska et al., 2021 [68] Poland 506 0.70 x

̄

¼ 24.67y general PSQIgen 5
Dale et al., 2021 (a) [69] Austria 764 1 >18y general ISI 4
Dale et al., 2021 (b) [69] Austria 741 0 >18y general ISI 4
Demartini et al., 2020 (a) [70] Italy 309 0.69 x

̄

¼ 35.9y general PSQIgen-sub 6
Demartini et al., 2020 (b) [70] Italy 123 0.79 x

̄

¼ 35.9y health w. PSQIgen-sub 5
Ding and Yao, 2020 [71] China 71 0.45 x

̄

¼ 15.3y adolescents PSQIgen-sub 5
Du et al., 2021 [72] International 2196 0.67 x

̄

¼ 22.5y general PSQIgen 5
Duran and Erkin, 2021 [73] Turkey 405 0.71 >18y general PSQIgen-sub 6
Engin et al., 2021 [74] Turkey 360 0.49 x

̄

¼ 38.6y health w. ISI 4
Eleftheriou et al., 2021 [75] Greece 559 0.7 >18y students PSQIgen 5
Elhadi et al., 2021 [76] Libya 10,296 0.78 x

̄

¼ 28.9y general ISI 5
Fidanci et al., 2020 [77] Turkey 153 0.67 x

̄

¼ 33.4y health w. PSQIgen 5
Forte et al., 2020 [78] Italy 2286 0.75 x

̄

¼ 29.61y general PSQIgen 4
Gao and Scullin, 2020 [79] USA 86 0.45 x

̄

¼ 38.23y general PSQIgen 5
Gargiulo et al., 2021 [80] USA 393 0.51 x

̄

¼ 45.08y general PSQIgen-sub 5
Genta et al., 2021 [81] Brazil 94 0.64 x

̄

¼ 16.4y adolescents PSQIgen 5
Gorgoni et al., 2021 (1) [82] Italy 102 0.83 x

̄

¼ 36.69y general PSQIgen-sub 5
Gorgoni et al., 2021 (2) [83] Italy 1091 0.72 x

̄

¼ 31.3y general PSQIgen-sub 5
Gu et al., 2021 [84] China 289 0.72 <18y to 60y general PSQIgen 6
Hao et al., 2020 [85] China 109 0.62 x ¼ 33.1y general ISI 5
Harriger et al., 2021 [86] USA 490 0.74 x ¼ 20.4y students PSQIgen 5
Helito et al., 2021 [87] Brazil 82 0.58 me ¼ 15y adolescents PSQIgen-sub 5
Huang et al., 2020 [88] China 1172 0.69 x ¼ 28.39y general ISI 6
Huang et al., 2021 (1a) [89] China 1091 0.69 x ¼ 31.2y general ISI 6
Huang et al., 2021 (1b) [89] China 605 0.81 x ¼ 32.8y health w. ISI 5
Huang et al., 2021 (2) [90] China 507 0.83 x ¼ 37.53y health w. ISI 4
Jahrami et al., 2020 [91] Bahrain 257 0.70 x ¼ 40.20y health w. PSQIgen-sub 5
Jamieson et al., 2021 [92] Australia 30 0.43 x ¼ 14.02y adolescents PSQIgen-sub 4
Jiang et al., 2021 [93] China 569 0.60 x ¼ 34y health w. PSQIgen 5
Jin et al., 2021 (a) [94] China 222 1 x ¼ 25.1y health w. PSQIgen-sub 5
Jin et al., 2021 (b) [94] China 182 0 x ¼ 25.1y health w. PSQIgen-sub 5
Kandemir et al., 2021 [95] Turkey 194 0.71 x ¼ 29.99y health w. ISI 5
Khan et al., 2021 (a) [96] Pakistan 810 0.57 >18y health w. PSQIgen 5
Khan et al., 2021 (b) [96] India 812 0.57 >18y health w. PSQIgen 5
Khan et al., 2021 (c) [96] Nepal 168 0.45 >18y health w. PSQIgen 5

(continued on next page)
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Author Country Sample (n) Female Age Type of pop. Measure NOS

Kim-Godwin et al., 2021 [97] USA 215 1 x

̄

¼ 36.07y health w. PSQIgen-sub 5
Korkmaz et al., 2020 [98] Turkey 140 0.44 18y to 65y health w. PSQIgen 5
Krupa et al., 2021 (a) [99] Poland 298 1 >20y health w. ISI 5
Krupa et al., 2021 (b) [99] Poland 38 0 >20y health w. ISI 5
Lai et al., 2020 (a) [100] China 38 1 >18y students ISI 4
Lai et al., 2020 (b) [100] China 45 0 >18y students ISI 4
Lam et al., 2021 [101] China 339 0.65 18 to > 60y general ISI 6
Lin et al., 2021 (1) [102] China 384 0.73 x

̄

¼ 34.13y health w. PSQIgen-sub 5
Lin et al., 2021 (2) [103] China 1897 0.44 x

̄

¼ 36.6y general PSQIgen 6
Lin et al., 2021 (3) [104] China 4087 0.70 any general ISI 6
Liu et al., 2020 [105] China 606 0.81 x

̄

¼ 35.7y health w. ISI 5
Liu et al., 2021 (1) [106] China 1200 0.48 x

̄

¼ 23.36y students PSQIgen 6
Liu et al., 2021 (2) [107] China 140 0.94 x

̄

¼ 32.39y health w. PSQIgen-sub 5
Luo et al., 2021 [108] China 34 0.49 x

̄

¼ 13.96y adolescents PSQIgen-sub 5
Maestro-Gonzalez et al., 2021 [109] Spain 5220 0.74 x

̄

¼ 39.48y general PSQIgen-sub 6
Marelli et al., 2021 [110] Italy 400 0.76 x

̄

¼ 37.02y general PSQIgen/ISI 6
Martín et al., 2021 (1) [111] Spain 210 0.86 >18y health w. ISI 4
Martín et al., 2021 (2) [112] Spain 2082 0.81 >18y health w. ISI 4
Martínez-de Quel et al., 2021 [113] Spain 161 0.37 x

̄

¼ 35y general PSQIgen 6
Martínez-de Quel et al., 2020 [114] Spain 102 0.80 x

̄

¼ 21.67y students PSQIgen-sub 5
Meo et al., 2021 [115] Saudi Arabia 1678 0.51 x

̄

¼ 34.1y health w. PSQIgen 5
Milasauskiene et al., 2021 [116] Lithuania 524 0.79 x

̄

¼ 23.7y students PSQIgen 5
Miranda and Scotta, 2021 [117] Argentina 305 1 x

̄

¼ 30.51y general ISI 5
Mousavi et al., 2021 (a) [118] Iran 236 1 x

̄

¼ 33.5y health w. ISI 4
Mousavi et al., 2021 (b) [118] Iran 84 0 x

̄

¼ 33.5y health w. ISI 4
Olagunju et al., 2021 [119] Canada 303 0.40 x

̄

¼ 38.8y health w. PSQIgen-sub 5
Peng et al., 2020 [120] China 2098 0.42 x

̄

¼ 36.89y general PSQIgen 5
Pieh et al., 2021 [121] Austria 437 0.53 >18y general ISI 5
Qi et al., 2020 [122] China 1306 0.80 x

̄

¼ 33.1y health w. PSQIgen 5
Robillard et al., 2021 [123] Canada 4996 0.67 x

̄

¼ 54.6y general PSQIgen 5
Romero-Blanco et al., 2020 [124] Spain 207 0.82 x

̄

¼ 20.6y students PSQIgen-sub 5
Saadeh et al., 2021 [125] Jordan 6157 0.71 x

̄

¼ 19.79y students PSQIgen 5
Sagherian et al., 2020 [126] USA 564 0.94 any health w. ISI 5
Sahin et al., 2021 [127] Turkey 169 0.44 x

̄

¼ 33.9y health w. PSQIgen 4
Salfi et al., 2020 (a) [128] Italy 2210 1 x

̄

¼ 32.37y general PSQIgen/ISI 6
Salfi et al., 2020 (b) [128] Italy 491 0 x

̄

¼ 32.37y general PSQIgen/ISI 6
San Martin et al., 2020 (a) [129] Spain 70 0.59 x

̄

¼ 37.9y general PSQIgen/ISI 6
San Martin et al., 2020 (b) [129] Spain 100 0.59 x

̄

¼ 35.3y health w. PSQIgen/ISI 5
Santos et al., 2021 [130] Brazil 45 0.62 x

̄

¼ 39.3y health w. PSQIgen 5
Sa~nudo et al., 2020 [131] Spain 20 0.47 x

̄

¼ 22.6y general PSQIgen 5
Saracoglu et al., 2020 [132] Turkey 208 0.28 x

̄

¼ 29y health w. PSQIgen 4
Scotta et al., 2020 [133] Argentina 584 0.81 x

̄

¼ 22.49y students ISI 5
Sella et al., 2021 (a) [134] Italy 17 0.53 18y to 35y general PSQIgen-sub 5
Sella et al., 2021 (b) [134] Italy 21 0.52 65y to 90y general PSQIgen-sub 5
Shillington et al., 2021 [135] Canada 2192 0.9 x

̄

¼ 43y general PSQIgen 6
Shrestha et al., 2021 [136] Nepal 168 0.36 x

̄

¼ 21.57y students PSQIgen 5
Şimşek et al., 2020 [137] Turkey 757 / 15 to > 40y general PSQIgen 6
Siste et al., 2021 [138] Indonesia 2932 0.79 x

̄

¼ 17.38y adolescents PSQIgen 4
Solon Júnior et al., 2021 [139] Brazil 53 0.55 x

̄

¼ 23.12y general PSQIgen/ISI 6
Soylu, 2021 [140] Turkey 392 0.62 x

̄

¼ 22.9y students PSQIgen-sub 4
Tahir et al., 2021 (a) [141] International 1758 1 15y to 44y general PSQIgen-sub 6
Tahir et al., 2021 (b) [141] International 991 0 15y to 44y general PSQIgen-sub 6
Tan et al., 2020 [142] China 673 0.26 x

̄

¼ 30.8y general ISI 5
Targa et al., 2020 [143] Spain 71 0.75 x

̄

¼ 40.7y general PSQIgen-sub 6
Trabelsi et al., 2021 (1) [144] International 517 0.52 56y to > 80y general PSQIgen-sub 6
Trabelsi et al., 2021 (2) [145] International 5056 0.59 18 to > 55y general PSQIgen-sub 6
Tu et al., 2020 [146] China 100 1 x

̄

¼ 34.44y health w. PSQIgen 5
Verma et al., 2021 [147] USA 591 0.49 25y to 85y general ISI 6
Wang et al., 2020 (1) [148] China 106 0.64 x ¼ 36.6y health w. PSQIsub 4
Wang et al., 2020 (2) [149] China 123 0.90 x ¼ 33.75y health w. PSQIgen-sub 5
Wang et al., 2020 (3) [150] China 6437 0.56 x ¼ 31.4y general PSQIgen 5
Wilson et al., 2021 [151] New Zeland 41 0.15 x ¼ 44y general PSQIgen 5
Wong et al., 2020 [152] China 583 0.73 x ¼ 70.85y general ISI 5
Wu and Wei, 2020 [153] China 60 0.75 x ¼ 33.8y health w. PSQIgen-sub 5
Xia et al., 2020 [154] China 169 0.55 x ¼ 59.84y general PSQIgen-sub 6
Xiao et al., 2020 (1) [155] China 170 0.41 x ¼ 37.78y general PSQIgen 6
Xiao et al., 2020 (2) [156] China 180 0.72 x ¼ 32.31y health w. PSQIgen 5
Yang et al., 2020 [157] China 15,000 0.57 any general ISI 5
Yang et al., 2021 [158] China 388 0.57 18y to > 46y health w. PSQIgen 5
Yeni et al., 2021 [159] Turkey 262 0.52 x ¼ 38.08y general PSQIgen 6
Yin et al., 2020 [160] China 371 0.62 x ¼ 35.3y health w. PSQIsub 4
Younes et al., 2021 [161] Lebanon 4397 0.67 18y to 35y general ISI 6
Youssef et al., 2020 [162] Egypt 540 0.46 x ¼ 37.3y health w. ISI 4
Yu et al., 2020 [163] China 1138 0.66 >18y general ISI 6
Yue et al., 2021 [164] China 31 0.94 18y to 64y health w. PSQIgen-sub 5
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Author Country Sample (n) Female Age Type of pop. Measure NOS

Zarzour et al., 2021 (a) [165] Lebanon 441 1 >18y health w. PSQIgen 5
Zarzour et al., 2021 (b) [165] Lebanon 177 0 >18y health w. PSQIgen 5
Zhang et al., 2020 (1) [166] China 524 0.75 x

̄

¼ 36.1y health w. ISI 4
Zhang et al., 2020 (2a) [167] China 1255 0.58 any general ISI 5
Zhang et al., 2020 (2b) [167] China 927 0.73 any health w. ISI 4
Zhang et al., 2021 [168] China 319 0.62 x

̄

¼ 30.42y health w. PSQIgen 4
Zhao et al., 2020 [169] China 215 0.76 >18y health w. PSQIgen-sub 5
Zheng et al., 2021 [170] China 954 0.62 x

̄

¼ 21.1y students ISI 4
Zhou et al., 2020 [171] China 1931 0.95 x

̄

¼ 35.08y health w. PSQIgen-sub 5
Zhou et al., 2021 [172] China 393 0.80 x

̄

¼ 35.14y health w. PSQIgen 4
Zhu et al., 2021 [173] China 114 0.75 x

̄

¼ 32.09y health w. PSQIgen 5
Zhuo et al., 2020 [174] China 26 0.46 x

̄

¼ 41.92y health w. ISI 4
Zhuo et al., 2021 [175] China 1017 0.53 >18y students ISI 4

Female indicates the relative proportion of female subjects compared to sample size. NOS indicates Newcastle-Ottawa score.

Table 2
Meta-analytic results. The trim and fill procedure was applied in case of statistically significant publication bias.

Measure k Random-effect model Heterogeneity Publication bias

mean CI95% Q p-value I2 (%) Begg p-value Egger p-value

PSQIgen 115 6.73 [6.61; 6.85] <0.001 99.90 0.81 0.17
PSQIc1 49 1.20 [1.04; 1.35] <0.001 99.90 <0.001 <0.001
PSQIc1 74 1.70 [1.52; 1.88] <0.001 99.90 0.03 0.53
PSQIc2 46 1.42 [1.27; 1.57] <0.001 99.70 0.70 0.49
PSQIc3 44 0.88 [0.79; 0.98] <0.001 99.20 0.33 0.02
PSQIc4 42 0.76 [0.59; 0.94] <0.001 99.80 <0.001 <0.01
PSQIc4 61 1.24 [1.03; 1.45] <0.001 99.90 0.27 0.45
PSQIc5 47 1.16 [1.03; 1.29] <0.001 99.80 0.053 0.08
PSQIc6 43 0.31 [0.07; 0.55] <0.001 100.00 <0.001 <0.01
PSQIc6 65 1.00 [0.75; 1.25] <0.001 100.00 0.06 0.60
PSQIc7 46 1.13 [0.98; 1.28] <0.001 99.70 <0.001 <0.01
PSQIc7 68 1.57 [1.39; 1.74] <0.001 99.80 0.14 0.35
ISI 50 8.44 [7.63; 9.26] <0.001 100.00 0.09 0.25

Table 3
Tests for subgroup differences (random-effects models). RoB ¼ risk of bias.

Measure k Study location Gender Population RoB

Q (df) p-value Q (df) p-value Q (df) p-value Q (df) p-value

PSQIgen 115 70.80 (6) <0.001 39.64 (2) <0.001 12.04 (4) 0.02 9.01 (1) <0.01
PSQIc1 49 17.33 (5) <0.01 2.00 (2) 0.37 12.98 (4) 0.01 0.20 (1) 0.65
PSQIc2 46 129.54 (4) <0.001 2.94 (2) 0.23 3.35 (3) 0.34 0.10 (1) 0.75
PSQIc3 44 3.43 (4) 0.49 0.61 (2) 0.74 41.12 (3) <0.001 0.18 (1) 0.67
PSQIc4 42 0.87 (4) 0.93 2.77 (2) 0.25 1.22 (3) 0.75 0.03 (1) 0.86
PSQIc5 47 17.10 (5) <0.01 0.02 (2) 0.99 5.76 (4) 0.22 0.35 (1) 0.55
PSQIc6 4 4.31 (4) 0.37 0.67 (2) 0.72 1.62 (3) 0.65 0.52 (1) 0.47
PSQIc7 46 28.56 (5) <0.001 4.15 (2) 0.13 30.40 (4) <0.001 5.99 (1) 0.01
ISI 50 106.19 (4) <0.001 4.60 (2) 0.10 2.49 (2) 0.29 0.00 (1) 0.95
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outcomes were predicted by several continuous variables (i.e., fe-
male percentage, days, GSI, cases, deaths) by implementing a series
of meta-regression analyses. Firstly, we found that PSQIgen was
significantly predicted by days with a negative slope
(Coef. ¼ �0.002; p < 0.01), by female percentage with a positive
slope (Coef. ¼ 1.57; p < 0.001), and by GSI with a negative slope
(Coef. ¼ �2.64; p < 0.01). Then, the subcomponent PSQIc1 was
significantly predicted by GSI with a positive slope (Coef. ¼ 0.94;
p ¼ 0.048). Meta-regression results are summarized in Table 4.
Findings frommultimodel inference are reported in Supplementary
Document 1.
4. Discussion

This meta-analysis focused on 139 studies, for a total of 137,603
subjects.
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Differently from the previous meta-analytic studies [7,8], our
study provides a better characterization of subjective sleep alter-
ations during COVID-19 pandemic. More specifically, we considered
the prevalence of symptoms according to their geographic distri-
bution, gender, and different populations (general population,
children, adolescents, students, health workers). Also, we esti-
mated a quantitative relationship between subjective sleep alter-
ations and gender and pandemic-related measures (i.e., female
percentage, days, GSI, cases, deaths).

Among the selected studies, the most used sleep quality mea-
sure was PSQI (103 studies), followed by ISI (41 studies). The gen-
eral mean of PSQI global score was 6.73, indicating poor sleep
quality [16]. On the other hand, the mean ISI score was 8.44,
resulting in subthreshold insomnia [17]. In other words, during the
pandemic period, the subjects reported poor sleep quality,
although sleep alterations do not meet the threshold for insomnia.



Table 4
Meta-regression analyses (random-effects model). I2 values indicate the unexplained between-study heterogeneity.

Measure Point estimate female days GSI cases deaths

p-value I2 (%) Point estimate p-value I2 (%) Point estimate p-value I2 (%) Point estimate p-value I2 (%) Point estimate p-val I2 (%)

PSQIgen 1.57 <0.001 99.50 �0.002 0.01 99.95 �2.64 <0.01 99.86 0.001 0.46 99.87 �0.02 0.46 99.86
PSQIc1 0.32 0.053 99.92 0.000 0.41 99.92 0.94 0.048 99.74 0.001 0.06 99.92 0.02 0.07 99.92
PSQIc2 0.45 0.10 99.70 �0.001 0.36 99.70 0.08 0.92 99.61 0.000 0.71 99.70 �0.001 0.96 99.70
PSQIc3 �0.09 0.63 99.15 �0.001 0.28 99.17 0.22 0.68 98.97 �0.001 0.30 99.19 �0.01 0.26 99.19
PSQIc4 0.17 0.51 99.76 �0.001 0.35 99.60 �0.05 0.94 99.61 0.000 0.97 99.75 �0.003 0.87 99.76
PSQIc5 0.02 0.89 99.83 0.000 0.94 99.82 0.49 0.27 99.71 0.001 0.07 99.82 0.01 0.16 99.83
PSQIc6 0.08 0.57 99.99 0.000 0.36 99.99 0.23 0.55 99.96 0.000 0.45 99.99 �0.001 0.90 99.99
PSQIc7 0.10 0.62 99.68 �0.001 0.07 99.39 �0.26 0.64 99.69 �0.001 0.33 99.62 �0.02 0.10 99.62
ISI 2.47 0.08 99.93 0.01 0.08 99.96 �2.59 0.47 99.96 0.01 0.25 99.94 0.03 0.80 99.94

*The study of Şimşek et al., 2020 [137] is excluded frommeta-regression because the author didn't report gender distribution in the paper. GSI¼ government stringency index.
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As regards the characterization of subjective sleep alterations,
the subgroup analyses showed that most of the subcategories
(geographic distribution, gender, populations, risk of bias) reported
poor sleep quality (PSQIgen > 5) and subthreshold insomnia (ISI
score ranging from 8 to 15). It is worth noting that studies with a
low risk of bias e i.e., with a highly representative sample - also go
in the same direction, revealing a higher pooled mean in the
PSQIgen. In other words, we can exclude that our findings may be
due to high biased studies with a weak representativeness of the
sample since the sleep alterations are generalized in investigations
carried out by a more reliable methodological approach.

More in detail, all the countries reported significant sleep
impairment and subclinical insomnia, except for Asia (ISI ¼ 6.48).
Interestingly, we found that poor sleep quality and higher insomnia
scores were prominent in America. It should be considered that
most American studies assessing sleep quality were carried out in
Brazil or USA, except for three Canadian investigations. Both Brazil
and USA have undergone critical conditions during the pandemic
causing remarkable deterioration in people's lives. Indeed, these
countries registered the highest number of deaths from COVID-19
in the world. Also, it should be hypothesized that countries with
a more severe pandemic situation showed greater levels of stress
[176] that may impact on sleep quality [177,178].

Additionally, health workers had poorer sleep quality and lower
sleep duration than other populations (see Table S1). This result is
in line with other reviews and meta-analyses. Healthcare workers
are one of the most affected populations by sleep disorders during
the pandemic [7,10,12,15,179]. It is well-established that healthcare
workers were on the front line of the COVID-19 emergency,
working for many hours under extreme stress and for multiple
shifts. Moreover, recent results showed that healthcare pro-
fessionals have a significant prevalence of perceived psychological
problems such as stress, anxiety, and depression [179e182] that
could exacerbate sleep disturbances.

Our results showed that students have a higher level of daytime
dysfunction (PSQIc7; see Table S8). Nevertheless, the questions
evaluating this sub-component score do not allow to discriminate
sleep-related from independent determinants of daytime
dysfunction, such as “enthusiasm to get things done.” Indeed, the
available literature emphasizes the vulnerability of university and
college students to psychological distress [183]. In fact, during the
pandemic, university and college students have been evicted from
campuses or forced abruptly to return home in case of the offsite
students. Hence, they experienced a partial interruption of their
interpersonal interaction networks and disruption of their daily
habits, leading to a high level of feelings of distress [184].

Although both genders reported clinically significant score in
PSQIgen, subgroup analyses showed that the mean global PSQI score
was 6.83 [95% CI 6.56e7.10] among females and 5.57 [5.22e5.92]
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among males. These results are in line with the prior pandemic
literature on the relationship between sleep quality and gender
[9,10] andwith data indicating that women experience significantly
higher stress levels than men during quarantine [176]. During the
pandemic, the female gender appeared to be related to higher
dream recall frequency and nightmares, that have been interpreted
as a reliable inverse index of wellbeing [185,186]. The greater
stressors sustained by women during the lockdown were also re-
flected by an increased prevalence of negative emotions and con-
tent in their dreams [187]. Further, males tend to have a later
chronotype than females [187], and, to some extent, this would
advantage men during the pandemic since they could have a more
flexible wake-sleep routine. Besides, some pandemic-related
changes concerning the demands due to children's care and fam-
ily duties may exacerbate sleep problems among women [188].

Accordingly, the meta-regressions revealed that the female
percentage is the best predictor of PSQIgen. Thus, the larger pro-
portion of women in the sample predict sleep impairment. Also,
multimodal inference confirmed that the female percentage is the
most influential moderator. Although consistent with the view that
women are more likely to suffer from sleep alterations than men
during pandemic (e.g., [9,10]), this gender difference could be in-
dependent from the pandemic. Firstly, it is worth noting that
almost all studies have a greater prevalence of female participants
(e.g., [11,135]), which could affect the findings. Second, evidence
showed that females had higher “baseline” PSQIgen than males
[189], and that women are more likely to experience worse sleep
quality and insomnia across many countries [190]. Finally, females
are more susceptible to developing psychological distress
[191e193] and lower self-reported quality of life [194,195] during
wakefulness.

Furthermore, we found that more stringent government mea-
sures predict lower global scores at PSQIgen, while, albeit to a small
extent, less restrictive measures are related to worse subjective
sleep quality (PSQIc1). Although these findings are apparently in
conflict, it should be underlined that PSQIgen is a composite mea-
sure that considers different sub-parameters, providing a broader
construct of “sleep quality” [16,196]. Differently, PSQIc1 represents
the global and direct judgment of the subject's sleep quality.
Studies employing wrist actigraphy as an objective estimate of
sleep showed that during the pandemic sleep was of normal
duration [197e199], but more fragmented [199], probably
explaining the reduced subjective sleep quality, although no
misperception about sleep duration was highlighted [197]. Not
surprisingly, the subjective opinion of individuals about their sleep
(PSQIc1) is more pessimistic than the global composite score
PSQIgen. This is consistent with the view that subjective evaluations
tend to be more influenced by the individuals' beliefs [196]. Also,
the general population and the students reported poorer subjective
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sleep quality than the healthcare workers and the children (see
Table S2). We hypothesize that the subjective sleep quality assessed
by means of PSQIc1 might reflect the negativistic cognitive
perspective due to the pandemic situation, children and healthcare
workers had probably been less affected by lockdown and mobility
restriction measures. In this respect, more stringent requirements
and disruption of daily social connections led to increased
depression and loneliness [200], that are often characterized by
pessimistic thinking [201]. Moreover, we cannot rule out that the
self-reported poor sleep quality could be the result of a misper-
ception due to higher psychological distress or specific personality
traits [202,203]. The current meta-analysis cannot disentangle this
issue since it did not consider psychological factors that could
moderate the relationship between the pandemic conditions and
sleep patterns.

The inverse association between PSQIgen and less stringent
measures might have several possible explanations. First, during a
period of more severe restrictions, people might have had the
possibility to adapt their sleep-wake schedule to their chronotype
rather than to social or working requirements. The reduced impact
of social Zeitgebers could have positively impacted sleep habits
[204]. Second, governmental measures to ensure the safety of
people in a period of dramatic uncertainty might have reduced the
level of anxiety related to fear of the consequences on health from
COVID-19 infection. The easing of restrictions allowed people to go
out and start over a relatively ordinary routine after prolonged
confinement, and forced people to face the unpleasant emotions
related to the risk of infection, possibly causing, in turn, sleep
impairment. It could be hypothesized that individuals mostly
returned to their pre-pandemic schedules, reducing the positive
impact of a sleep-wake schedule partially independent from social
and working requirements. According to this view, some findings
on dreams during the pandemic revealed that oneiric contents,
including crowded places and travels, increased during the post-
lockdown period [185]. Moreover, dream experiences during the
second wave of pandemic (i.e., partial lockdown) were featured by
greater negative emotions than the oneiric activity during Spring
2020 (i.e., total lockdown) [185]. In line with this evidence, a study
[205] revealed that fear and negative mood during wakefulness
were higher during the partial lockdown than the first full
lockdown.

We cannot exclude other factors, such as individuals' resilience,
that might impact on the relationship between GSI and sleep
quality [206]. Indeed, some results highlighted that people expe-
rienced reduced ability to adapt well in the period of low re-
strictions (second wave of the pandemic) then the total lockdown
[207]. Moreover, recent findings highlighted that individuals’
adaptability could affect sleep quality [208]. The authors showed
that the highly adaptive personalities had less perceived stress and
better sleep quality compared to subjects with a lower degree of
adaptability [208].

It is worth noting that the effect of COVID-19 on sleep measures
may depend on the pre-pandemic individuals’ sleep condition.
Indeed, a quarter of people with pre-pandemic clinical insomnia
experienced a meaningful improvement in sleep quality, whereas
20% of pre-pandemic good sleepers experienced worse sleep dur-
ing the lockdown measures [209].

Finally, our results showed that the time elapsed since the first
COVID-19 case (31 December 2019) is negatively correlated with
PSQI global score. Bearing in mind that this variable represents a
very weak moderator, this result reveals that the more the survey
was filled out near the first announcement of the COVID-19 case,
the more people experienced poor sleep quality. This result might
be linked to the fear experienced by people at the beginning of the
pandemic. In other words, the proximity to the 31 December 2019
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is strictly related with the lack of knowledge about the COVID-19
and the absence of weapons to defeat the virus. We might specu-
late that the availability of SARS-CoV-2 vaccines and new treat-
ments during the different waves of pandemic could have
positively affected sleep quality. This finding seems in contrast with
the above-mentioned result on the GSI. Nevertheless, it should be
underlined that the two variables, “days” and “GSI,” are not entirely
overlapping, since restrictive measures have been decreased in
different moments during the pandemic period.

Several limitations of the present work should be acknowl-
edged. First, we employed a descriptive approach to evaluate the
prevalence and diffusion of sleep alterations during the COVID-19
pandemic trying to generalize our findings across different
geographic locations, populations, gender, and study quality.
Although it is beyond our aims, future studies may dwell on specific
subcategories differences by conducting a series of post-hoc ana-
lyses. In addition, to provide a more structured approach, we
included in our meta-analytic work only four instruments (i.e.,
PSQI; ISI; MOS-S; ESS) among the most widely used self-reported
questionnaires to assess subjective sleep alterations. Since the
lack of studies reporting data on MOS-S and ESS, the meta-analysis
on the scores of these questionnaires was not conducted. In order to
allow more accurate meta-analytic assessment, future in-
vestigations should include all the data (mean and SD at least) of
the used variables in manuscripts or supplemental materials.
Moreover, future studies should include a wider set of question-
naires, as well as other more objective methods. Nevertheless, the
studies in the literature employing objective measures of sleep
(e.g., actigraphy) are so far very limited. Lastly, another limitation is
the large, unexplained heterogeneity (i.e., I2 values were nearly
100%). The application of the random-effects model, although as-
sumes that the true effect sizes differ from study to study, might be
unable to adjust for uncontrolled factors that influence the size of
the pooled outcomes. For example, a random-effects meta-analysis
weights the studies more equally compared to fixed-effects (i.e.,
assigns relatively more weight to small studies compared to the
weight that such studies would obtain in a fixed-effects model;
[210]). Therefore, if findings from smaller studies systematically
contrast with larger studies, the aggregated outcomes might be
misleading. Nonetheless, even after conducting a series of meta-
regressions and subgroup analyses to address potential sources of
heterogeneity, the latter remained substantial and significant.
Hence, caution in interpreting the present meta-analytic findings is
needed. The sizable heterogeneity may be ascribed to the higher
number of studies included in the analysis (>100) amongwhich are
large epidemiological studies. In meta-analyses with a substantial
number of included studies, as suggested by the Cochrane collab-
oration, formal tests have also high power to detect a trivial amount
of heterogeneity [210]. Future studies are warranted to assess the
role of other factors, such as psychological variables not considered
in this meta-analysis (e.g., anxiety, depression, stress, resilience,
…), that may explain the high amount of heterogeneity.

5. Conclusions

This meta-analysis corroborates the finding of recent studies,
confirming that sleep quality worsened worldwide during the
COVID-19 pandemic, and in the different populations considered in
this work: general population, children, students, and healthcare
workers. The latter seems to be the population whose sleep quality
was most affected during the pandemic. As for pre-pandemic
period, women were more prone than men to develop insomnia
during COVID-19 emergency.

Moreover, the sub-component analysis of subjective sleep al-
terations that we performed, based on the PSQI, gives new insights
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to better understand this phenomenon. We found that, among the
populations considered, the students were the ones who reported
higher levels of daytime dysfunction. Furthermore, sleep alter-
ations were inversely correlated to the stringency of the govern-
mental measures to face the pandemic and decreased throughout
the pandemic.

Our results critically inform further studies on the impact of
COVID-19 pandemic on sleep. To disentangle the role of pandemic-
related vs. pre-pandemic individuals' factors on sleep, we suggest
future studies to perform better clinical profiling of insomnia
symptoms, to consider the subjects' psychological profile and
coping mechanisms, chronotypes and changes in subject's
emotional state. It might also be worthwhile to characterize the
impact of the restrictive measures on each subject's life in com-
parison with the pre-pandemic period. Finally, a combination of
subjective and objective measures of sleep would be suitable, for
instance using an Ecological Momentary Assessment approach
[211], and employing actigraphy, other chronobiologic measures
and/or portable polysomnography.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.sleep.2022.07.012.
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[77] Fidanci I, Güleryüz Okş an, derin€oz, Fidanci I. An analysis on sleep quality of
the healthcare professionals during the COVID-19 pandemic. Acta Med
2020;36:3797. https://doi.org/10.19193/0393-6384_2020_6_601.

[78] Forte G, Favieri F, Tambelli R, Casagrande M. COVID-19 pandemic in the
Italian population: validation of a post-traumatic stress disorder question-
naire and prevalence of PTSD symptomatology. Int J Environ Res Publ Health
2020;17:4151. https://doi.org/10.3390/ijerph17114151.

[79] Gao C, Scullin MK. Sleep health early in the coronavirus disease 2019
(COVID-19) outbreak in the United States: integrating longitudinal, cross-
sectional, and retrospective recall data. Sleep Med 2020;73:1. https://
doi.org/10.1016/j.sleep.2020.06.032.

[80] Gargiulo AT, Peterson LM, Grafe LA. Stress, coping, resilience, and sleep
during the COVID-19 pandemic: a representative survey study of US adults.
Brain and Behavior 2021;11:e2384. https://doi.org/10.1002/brb3.2384.

[81] Genta FD, Rodrigues Neto GB, Sunfeld JPV, Porto JF, Xavier AD, Moreno CR,
et al. COVID-19 pandemic impact on sleep habits, chronotype, and health-
related quality of life among high school students: a longitudinal study.
J Clin Sleep Med 2021;17:1371e7. https://doi.org/10.5664/jcsm.9196.

[82] Gorgoni M, Scarpelli S, Mangiaruga A, Alfonsi V, Bonsignore MR, Fanfulla F,
et al. Persistence of the effects of the COVID-19 lockdown on sleep: a lon-
gitudinal study. Brain Sci 2021;11:1520. https://doi.org/10.3390/
brainsci11111520.

[83] Gorgoni M, Scarpelli S, Alfonsi V, Annarumma L, Cordone S, Stravolo S, et al.
Pandemic dreams: quantitative and qualitative features of the oneiric ac-
tivity during the lockdown due to COVID-19 in Italy. Sleep Med 2021;81:
20e32. https://doi.org/10.1016/j.sleep.2021.02.006.

[84] Gu S, He Z, Sun L, Jiang Y, Xu M, Feng G, et al. Effects of Coronavirus-19
induced loneliness on mental health: sleep quality and intolerance for un-
certainty as mediators. Front Psychiatr 2021;12:738003. https://doi.org/
10.3389/fpsyt.2021.738003.

[85] Hao F, Tan W, Jiang L, Zhang L, Zhao X, Zou Y, et al. Do psychiatric patients
experience more psychiatric symptoms during COVID-19 pandemic and
lockdown? A case-control study with service and research implications for

https://doi.org/10.1007/s41105-021-00337-6
https://doi.org/10.1007/s41105-021-00337-6
https://doi.org/10.1371/journal.pone.0250625
https://doi.org/10.1371/journal.pone.0250625
https://doi.org/10.1111/jsr.13368
https://doi.org/10.1159/000518717
https://doi.org/10.1159/000518717
https://doi.org/10.3889/oamjms.2021.6923
https://doi.org/10.15537/smj.2021.42.4.20200735
https://doi.org/10.15537/smj.2021.42.4.20200735
https://doi.org/10.1016/j.heliyon.2021.e06985
https://doi.org/10.1016/j.heliyon.2021.e06985
https://doi.org/10.1016/j.jsps.2021.04.031
https://doi.org/10.2147/NSS.S313373
https://doi.org/10.1007/s11325-021-02312-4
https://doi.org/10.1007/s11325-021-02312-4
https://doi.org/10.3389/fneur.2020.00737
https://doi.org/10.3389/fneur.2020.00737
https://doi.org/10.7759/cureus.17535
https://doi.org/10.1186/s12967-020-02465-y
https://doi.org/10.1186/s12967-020-02465-y
https://doi.org/10.3390/ijerph17207417
https://doi.org/10.4274/jtsm.galenos.2021.02996
https://doi.org/10.1080/07420528.2021.1895199
https://doi.org/10.1080/07420528.2021.1895199
https://doi.org/10.1186/s43045-020-00069-2
https://doi.org/10.1186/s43045-020-00069-2
https://doi.org/10.3233/WOR-210538
https://doi.org/10.3233/WOR-210538
https://doi.org/10.47626/2237-6089-2021-0225
https://doi.org/10.47626/2237-6089-2021-0225
https://doi.org/10.1111/jsr.13074
https://doi.org/10.12659/MSM.929454
https://doi.org/10.1093/annweh/wxab015
https://doi.org/10.21037/tp.2020.04.02
https://doi.org/10.21037/tp.2020.04.02
https://doi.org/10.1093/sleep/zsab242
https://doi.org/10.1111/jsr.13519
https://doi.org/10.1016/j.jpsychires.2021.09.025
https://doi.org/10.3390/ijerph18158023
https://doi.org/10.3390/ijerph18158023
https://doi.org/10.1186/s12889-021-11140-w
https://doi.org/10.3390/ijerph18073679
https://doi.org/10.3389/fpsyt.2020.561345
https://doi.org/10.24869/psyd.2020.527
https://doi.org/10.3390/nu13020442
https://doi.org/10.1016/j.pnpbp.2021.110254
https://doi.org/10.7759/cureus.16614
https://doi.org/10.3389/fpubh.2021.775374
https://doi.org/10.3389/fpubh.2021.775374
https://doi.org/10.3389/fpsyt.2021.632496
https://doi.org/10.19193/0393-6384_2020_6_601
https://doi.org/10.3390/ijerph17114151
https://doi.org/10.1016/j.sleep.2020.06.032
https://doi.org/10.1016/j.sleep.2020.06.032
https://doi.org/10.1002/brb3.2384
https://doi.org/10.5664/jcsm.9196
https://doi.org/10.3390/brainsci11111520
https://doi.org/10.3390/brainsci11111520
https://doi.org/10.1016/j.sleep.2021.02.006
https://doi.org/10.3389/fpsyt.2021.738003
https://doi.org/10.3389/fpsyt.2021.738003


S. Scarpelli, A. Zagaria, P.-L. Ratti et al. Sleep Medicine 100 (2022) 89e102
immunopsychiatry. Brain Behav Immun 2020;87:100e6. https://doi.org/
10.1016/j.bbi.2020.04.069.

[86] Harriger JA, Joseph NT, Trammell J. Detrimental associations of cumulative
trauma, COVID-19 infection indicators, avoidance, and loneliness with sleep
and negative emotionality in emerging adulthood during the pandemic.
Emerg Adulthood 2021;1e3. https://doi.org/10.1177/21676968211022594.

[87] Helito AC, Lindoso L, Sieczkowska SM, Astley C, Queiroz LB, Rose N, et al. Poor
sleep quality and health-related quality of life impact in adolescents with
and without chronic immunosuppressive conditions during COVID-19
quarantine. Clinics 2021;76:e3501. https://doi.org/10.6061/clinics/2021/
e3501.

[88] Huang Y, Wang Y, Zeng L, Yang J, Song X, Rao W, et al. Prevalence and
correlation of anxiety, insomnia and somatic symptoms in a Chinese popu-
lation during the COVID-19 epidemic. Front Psychiatr 2020;11:894. https://
doi.org/10.3389/fpsyt.2020.568329.

[89] Huang Y, Zhou Y, Wei Y, Zeng L, Yang J, Li Y, et al. Differences in the asso-
ciation of anxiety, insomnia and somatic symptoms between medical staff
and the general population during the outbreak of COVID-19. Neuropsy-
chiatric Dis Treat 2021;17:1907e15. https://doi.org/10.2147/NDT.S300719.

[90] Huang X, Liang Y, Eli B, Yang Y, Han R, Liu Z. Mental health of staff in a key
frontline hospital during COVID-19: a single-center cross-sectional China-
based study. Asia Pac J Publ Health 2021:1e33. https://doi.org/10.1177/
10105395211014703.

[91] Jahrami H, BaHammam AS, AlGahtani H, Ebrahim A, Faris M, AlEid K, et al.
The examination of sleep quality for frontline healthcare workers during the
outbreak of COVID-19. Sleep Breath 2020;25:503e11. https://doi.org/
10.1007/s11325-020-02135-9.

[92] Jamieson D, Kannis-Dymand L, Beaudequin DA, Schwenn P, Shan Z,
McLoughlin LT, et al. Can measures of sleep quality or white matter struc-
tural integrity predict level of worry or rumination in adolescents facing
stressful situations? Lessons from the COVID-19 pandemic. J Adolesc
2021;91:110e8. https://doi.org/10.1016/j.adolescence.2021.08.002.

[93] Jiang Y-F, Chen J-Q, Wang Y-G, Zhang X-D, Hong W-K. Sleep quality and
mental health status of healthcare professionals during the outbreak of
Coronavirus disease 2019 (COVID-19). Psychol Health Med 2021:1e8.
https://doi.org/10.1080/13548506.2021.1954669.

[94] Jin L-R, Zhou S, Yuan H. Investigation on sleep quality in Chinese medical
staff during the COVID-19 pandemic. Psychol Health Med 2021:1e7. https://
doi.org/10.1080/13548506.2021.1922722.

[95] Kandemir D, Temiz Z, Ozhanli Y, Erdogan H, Kanbay Y. Analysis of mental
health symptoms and insomnia levels of intensive care nurses during the
COVID-19 pandemic with a structural equation model. J Clin Nurs 2021.
https://doi.org/10.1111/jocn.15918.

[96] Khan HR, Ashraf F, Ullah I, Tahir MJ, Dominari A, Shoib S, et al. Cross-cultural
prevalence of sleep quality and psychological distress in healthcare workers
during COVID-19 pandemic. Brain and Behavior 2021;11:e2383. https://
doi.org/10.1002/brb3.2383.

[97] Kim-Godwin YS, Lee MH, Logan JG, Liu X. Factors influencing sleep quality
among female staff nurses during the early COVID-19 pandemic in the
United States. Int J Environ Res Publ Health 2021;18:4827. https://doi.org/
10.3390/ijerph18094827.

[98] Korkmaz S, Kazgan A, Çekiç S, Tartar AS, Balcı HN, Atmaca M. The anxiety
levels, quality of sleep and life and problem-solving skills in healthcare
workers employed in COVID-19 services. J Clin Neurosci 2020;80:131e6.
https://doi.org/10.1016/j.jocn.2020.07.073.
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