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a systematic review and meta-analysis
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Abstract

Background Understanding the association between sleep quality and COVID-19 outcomes is crucial for effective
preventive strategies and patient management. This systematic review aims to evaluate the impact of sleep quality
as a risk factor for acquiring COVID-19 infection and the severity of the disease.

Methods A comprehensive search of electronic databases was conducted to identify relevant studies published
from the inception of the COVID-19 pandemic which was 31 of December 2019 until 30 April 2023. Studies inves-
tigating the relationship between sleep quality and COVID-19 infection, or disease severity were included. Random
effect meta-analysis was performed with odds ratios (OR) and their 95% confidence intervals (95% Cl) as effect
measures.

Results Out of the initial 1,132 articles identified, 12 studies met the inclusion criteria. All studies were observational
studies (cohort, case—control, and cross-sectional). The association between sleep quality and COVID-19 infection risk
was examined in 6 studies, The results of our meta-analysis showed that participants with poor sleep quality showed
a 16% increase regarding the risk of COVID-19 acquisition (OR 1.16; 95% CI 1.03, 1.32; »=65.2%, p=0.02). Our results
showed that participants with poor sleep quality showed a 51% increase in the incidence of primary composite out-
come (OR 1.51;95% Cl 1.25,1.81; 7 =57.85%, p< 0.001). The result of our subgroup analysis also showed significantly
increased risk of mortality (RR 0.67; 95% CI 0.50, 0.90; > =31%, p=0.008), and disease severity (OR 1.47; 95% Cl 1.19,
1.80; =3.21%, p<0.001) when comparing poor sleep group to those with good sleep quality.

Conclusion This study highlights a significant association between poor sleep quality and an increased risk
of COVID-19 infection as well as worse disease clinical outcomes.
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Introduction

The COVID-19 pandemic caused by the novel corona-
virus SARS-CoV-2 has had a profound impact on global
health, with millions of individuals worldwide affected
by the disease [1]. As the pandemic continues to evolve,
there is a growing need to understand the factors that
contribute to the risk of COVID-19 infection and the
severity of the disease [2]. Sleep quality, a fundamen-
tal aspect of overall health, has been increasingly rec-
ognized as a potential risk factor for various health
outcomes [3]. Exploring the impact of sleep quality on
COVID-19 infection risk and disease severity is cru-
cial for identifying modifiable factors that could inform
preventive strategies and improve patient outcomes [4].

Sleep plays a vital role in maintaining optimal
immune function, cognitive performance, and over-
all well-being [5, 6]. Adequate sleep is essential for
the proper functioning of the immune system, includ-
ing the production and regulation of immune cells and
cytokines that defend against viral infections [6]. Dis-
ruptions in sleep patterns, such as insufficient sleep
duration, poor sleep quality, and sleep disorders, have
been associated with increased susceptibility to viral
infections and decreased immune response [7, 8].

Given the significant interplay between sleep and
immune function, it is plausible that sleep quality may
also influence the risk of COVID-19 infection and the
severity of the disease [8]. Sleep disturbances can con-
tribute to immune dysregulation, impairing the body’s
ability to mount an effective defense against viral path-
ogens [7, 9]. Moreover, poor sleep quality has been
linked to chronic inflammation and underlying health
conditions, which are known risk factors for severe
COVID-19 outcomes [10].

Understanding the relationship between sleep qual-
ity and COVID-19 infection risk as well as disease
severity is of paramount importance in managing the
pandemic. By identifying sleep quality as a potential
risk factor, public health interventions could be devel-
oped to promote healthy sleep practices and improve
immune function, ultimately reducing the risk of
COVID-19 infection and mitigating disease severity
[10]. To address this research gap, we conducted a sys-
tematic review to comprehensively examine the impact
of sleep quality on COVID-19 infection risk and disease
severity.

Methods

Research question and objectives

The research question for this systematic review is: What
is the impact of sleep quality as a risk factor for COVID-
19 infection and disease severity?
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Study design

This systematic review followed the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines to ensure a rigorous and transpar-
ent methodology [11]. Our study protocol is registered
at PROSPERO under the number CRD42023426325.

Search strategy

A comprehensive search of electronic databases was
conducted to identify relevant studies. The databases
searched included Medline (through PubMed), Sco-
pus, Embase, medRvix, Cochrane Library, Google
Scholar, and Web of Science. The search was con-
ducted from the inception of the COVID-19 pandemic
which is reported as 31st of December 2019 to 30 April
2023. The following search terms and their combina-
tions were used: "COVID-19" OR "SARS-CoV-2" AND
"sleep" OR "sleep quality" OR "sleep disturbance". The
full search strategy is available in the Additional file 1.
Additional studies were identified by manually search-
ing the reference lists of included articles and relevant
review papers.

Eligibility criteria

The following inclusion criteria were applied: Studies
that investigated the relationship between sleep quality
and COVID-19 infection risk or disease severity; obser-
vational studies (e.g., cohort studies, case—control stud-
ies, cross-sectional studies) and interventional studies
(e.g., randomized controlled trials) were included; and
studies conducted on human participants.

The following exclusion criteria were applied: studies
that did not assess sleep quality as an exposure or risk
factor; animal studies, case reports, letters to the editor,
and conference abstracts.

Study selection and data extraction

Two independent reviewers screened the titles and
abstracts of the identified articles for eligibility. Full-
text articles were retrieved for potentially relevant
studies. Any discrepancies were resolved through dis-
cussion and consensus.

A standardized data extraction form was developed
and used to extract relevant information from the
included studies. The following data were extracted:
Study characteristics: author(s), publication year, study
design, country; participant characteristics: sample
size, age, sex, and population characteristics; and sleep
quality assessment: measurement tools, definitions,
and categorizations of sleep quality.
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Quality assessment

The methodological quality and risk of bias of the
included studies were independently assessed by two
reviewers using appropriate tools. The Newcastle—
Ottawa Scale (NOS) was used for assessing the quality
of both the observational studies [12]. Any discrepan-
cies were resolved through discussion and consensus.

Data synthesis and analysis

We utilized a random-effects meta-analysis approach,
employing the generic inverse variance method, to
combine the effect sizes from each study. We used
StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP. to conduct random-
effects meta-analyses with odds ratios (OR) and their
95% confidence intervals (95% CI) as effect measures.
The assessment of heterogeneity was performed using
the Cochran Q statistic and 12 value, where an 12 value
of less than 35% indicated a low amount of heterogene-
ity [13, 14]. We performed a sensitivity analysis using
leave one out method to investigate the robustness of
our findings. Due to the limited number of included
studies (#<10), we did not conduct a funnel plot or
perform an Egger regression test.
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Results

Study selection

A total of 1,132 articles were identified through the initial
database search. After removing duplicates, 785 unique
articles remained. Titles and abstracts were screened,
resulting in the exclusion of 728 articles that did not meet
the eligibility criteria. The full-text assessment was con-
ducted on the remaining 57 articles, of which 12 studies
met the inclusion criteria. Figure 1 presents the PRISMA
flowchart illustrating the study selection process.

Study characteristics and quality assessments

The 12 included studies were all observational [15-27].
The studies were conducted in various countries, includ-
ing the United States (n=4), China (n=2), the UK
(n=3), and one study conducted in Bangladesh, Poland,
and Netherlands. Among the included studies, 6 studies
evaluated the effect of poor sleep quality on COVID-19
severity [15, 20, 22, 23, 25, 26], and the remaining studies
evaluated the effect of poor sleep quality as a risk factor
of acquisition of COVID-19 [16-19, 21, 24]. Table 1 sum-
marizes the characteristics of the included studies.

The methodological quality and risk of bias assessment
revealed that the included studies exhibited varying lev-
els of quality. The observational studies were generally
assessed using the Newcastle-Ottawa Scale (NOS), with
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scores ranging from 5 to 9 (out of 9). There was no study
with a high risk of bias (Additional file 1: Fig S1).

Sleep quality and COVID-19 infection risk

The results of our meta-analysis showed that participants
with poor sleep quality showed a 16% increase regard-
ing the risk of COVID-19 acquisition (OR 1.16; 95% CI
1.03, 1.32; >=65.2%, p=0.02; Fig. 2). The results of our
sensitivity analysis based on leave one out are available in
Additional file 1: Fig. S2.

Sleep quality and COVID-19 disease severity

Our results showed that participants with poor sleep
quality showed a 51% increase in the incidence of pri-
mary composite outcome (OR 1.51; 95% CI 1.25, 1.81;
=57.85%, p<0.001; Fig. 3). The result of our subgroup
analysis also showed significantly increased risk of mor-
tality (RR 0.67; 95% CI 0.50, 0.90; I*=31%, p=0.008;
Fig. 1), and disease severity (OR 1.47; 95% CI 1.19, 1.80;
P=3.21%, p<0.001; Fig. 4) when comparing poor sleep
group to those with good sleep quality. The results of
our sensitivity analysis based on leave one out are avail-
able in Additional file 1: Fig. S2. Only one study reported
the hazard ratio of COVID-19 mortality among different
quartiles of sleep disturbances [15]. The results of their
study showed compared to those in poor sleep quar-
tile, participants in good and moderate group had a HR
of 0.80 (95% CI 0.68, 0.95), and 0.83 (95% CI 0.70, 0.98),
respectively.

Discussion

To our knowledge, this study is the first systematic review
and meta-analysis which revealed the significant role of
good sleep quality in the reduction of both the severity of
COVID-19 and the risk of COVID-19 acquisition.

Impact of sleep quality on COVID-19 infection risk
Our review revealed a significant body of evidence sug-
gesting that poor sleep quality is associated with an
increased risk of COVID-19 infection. Several mecha-
nisms may explain this relationship. First, sleep depriva-
tion and disturbances have been shown to compromise
immune function, impairing the body’s ability to mount
an effective defense against viral pathogens [6, 8]. Sleep
is essential for immune cell development, cytokine pro-
duction, and antibody response, which play crucial roles
against infections [20], meaning that disruptions in sleep
can lead to dysregulation of immune cells and cytokines,
making individuals more susceptible to viral infections,
including SARS-CoV-2 [28].

Second, inadequate sleep is often accompanied by other
risk factors for COVID-19, such as obesity, diabetes, car-
diovascular disease, and respiratory disorders [29-31].
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These comorbidities have been identified as independ-
ent risk factors for severe COVID-19 outcomes [32-34].
Sleep disturbances contribute to the development and
exacerbation of these underlying health conditions, fur-
ther increasing the vulnerability to severe infection [35].

Lastly, Chronic inflammation often seen in individuals
with poor sleep quality can also promote a pro-inflam-
matory environment that facilitates viral replication and
worsens disease outcomes [36].

Numerous studies have revealed that lack of sleep is
a potential risk factor for COVID-19 infection, a ran-
domized clinical trial done by Gao et al. indicates that
30.5% of patients diagnosed with COVID-19 had sleep
deprivation but only 14.8% of healthy individuals had
experienced sleep disturbance, which was significantly
higher in case group (p=0.001) [18]. Similarly, studies
have released that 1-h longer sleep can reduce the risk of
COVID infection up to 12% and chronic sleep disorders
can increase the risk of different respiratory infections
including COVID-19 and average sleep hours in symp-
toms free cases were significantly higher than COVID-19
patients [21, 22, 24].

It is worth noting that the studies included in our
review primarily relied on self-reported measures
of sleep quality, such as questionnaires and surveys.
Objective measures, such as polysomnography or actig-
raphy, were less commonly utilized. The reliance on self-
reported measures may introduce potential bias due to
recall errors and subjective interpretations of sleep qual-
ity [37]. Future research should consider incorporating
more objective measures of sleep quality to enhance the
accuracy of findings.

Impact of sleep quality on COVID-19 disease severity

In addition to its role in increasing the infection risk,
lower sleep quality may also influence the severity of
COVID-19 disease [4]. Our study revealed that indi-
viduals with poor sleep quality are more likely to expe-
rience severe COVID-19 outcomes, as well as increased
mortality. This finding is supported by the fact that poor
sleep quality compromises both the innate and the adap-
tive immune system, increasing the risk of infection and
reducing the efficacy of vaccines, respectively [7]. Sleep
disturbances have also been associated with an increased
risk of developing acute respiratory distress syndrome
(ARDS), a life-threatening complication of COVID-19
characterized by severe lung inflammation and com-
promised respiratory function [38], as well as impaired
respiratory function, reduced lung capacity, and exacer-
bation of underlying respiratory conditions; all of which
may contribute to the development of severe respiratory
complications in COVID-19 patients [4, 39].
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Fig. 2 Results of meta-analysis for risk of COVID-19 acquisition
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Test of 6= 6;: Q(6) = 16.64, p = 0.01
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1 2 4 8 16 32

Random-effects REML model
Fig. 3 Results of meta-analysis for primary composite outcome

Sleep deprivation and poor sleep quality can also
lead to alterations in immune cell activity and impaired
cytokine regulation, resulting in an exaggerated inflam-
matory response and cytokine storm observed in some
severe cases of COVID-19 [6, 40].

Elise et al. also noted that sleep deprivation may be
an indicator of psychological complications, which can
increase the risk of severe COVID-19 outcomes.

Lack of sleep plays an important role in disease severity
as shown in a study done by Haung et al. COVID severity
increases with decreased sleep status as is 8 times higher

in patients with lack of sleep [20]. In contrast, another
study done by Pkywaczewska-Jakubowska et al. has not
reported a significant difference in sleep disturbance or
insomnia between various stages of COVID-19 infection
[26]. It has been reported that Sleep deprivation is associ-
ated with higher rates of mortality and need for hospitali-
zation among COVID-19 patients [23].

Poor sleep quality also appears to be more com-
mon among women[41], making them more vulner-
able to severe COVID-19 complications, as evident in
Pkywaczewska-Jakubowsk et al. study [26]. Although this
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Random-effects REML model
Fig. 4 Results of subgroup analysis for primary composite outcome

was not evaluated in any other included study and not
enough studies have been included to analyze the effects
of gender.

Implications for public health and clinical practice

The findings of this systematic review have important
implications for public health and clinical practice. First,
promoting healthy sleep practices and addressing sleep
disturbances should be considered as part of comprehen-
sive COVID-19 prevention strategies [42]. Public health
campaigns should emphasize the importance of adequate
sleep duration, sleep hygiene practices, and stress man-
agement techniques to improve sleep quality [43, 44] to
help strengthen the immune system and reduce the risk
of COVID-19 infection [45].

Incorporating sleep assessment as part of routine
clinical evaluations may also help identify individuals at
higher risk for severe disease outcomes. Interventions
targeting sleep quality, such as cognitive-behavioral ther-
apy for insomnia (CBT-I), can subsequently be imple-
mented on these individuals an adjunctive treatment to
improve clinical outcomes in COVID-19 patients [46,

47]. Additionally, healthcare providers should prioritize
sleep-related comorbidities, such as obesity, diabetes, and
cardiovascular diseases, in the management of COVID-
19 patients, as these conditions may worsen the impact of
poor sleep quality on disease severity.

Limitations and future directions

While this systematic review provides valuable insights
into the relationship between sleep quality and COVID-
19 outcomes, several limitations should be acknowl-
edged. Firstly, most of the included studies were
observational in nature, limiting the ability to establish
causal relationships between sleep quality and COVID-
19 outcomes. Future prospective cohort studies and ran-
domized controlled trials are needed to strengthen the
evidence base and establish a causal link. Secondly, heter-
ogeneity in the assessment of sleep quality and COVID-
19 outcomes across studies may have influenced the
comparability of results. The use of standardized sleep
quality measures and consistent definitions of COVID-19
outcomes would enhance the comparability and general-
izability of findings across studies.
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Conclusion

This study highlights the potential impact of sleep
quality as a risk factor for COVID-19 acquisition and
disease severity. Poor sleep quality is associated with
an increased risk of COVID-19 infection and a higher
likelihood of experiencing severe disease outcomes.
Promoting healthy sleep practices, addressing sleep dis-
turbances, and considering sleep-related comorbidities
in COVID-19 management strategies have the poten-
tial to improve prevention efforts and enhance patient
outcomes. Future research should focus on prospective
studies and interventions targeting sleep quality to fur-
ther elucidate the causal relationship and develop tar-
geted interventions for individuals at risk.
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