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In this journal, Miller et al. have recently published an inter-
esting article titled “A systematic review of COVID-19 and obstruc-
tive sleep apnoea” [1]. In this paper, the authors descriptively
reviewed the potential relationship between obstructive sleep
apnoea (OSA) and the risk for mortality among patients with coro-
navirus disease 2019 (COVID-19), but failed to quantitatively
address this association. To our knowledge, some original studies
reported that OSA was significantly linked to an elevated risk for
fatal COVID-19 [2e4], while some others observed non-significant
relationship between OSA and fatal COVID-19 [5e7]. Therefore,
there is an urgent need to evaluate the association of OSAwith fatal
COVID-19 by performing a quantitative meta-analysis. Given that
several risk factors have been reported to significantly affect the
clinical outcomes of COVID-19 patients [8e10], whichmight modu-
late the relationship between OSA and fatal COVID-19, this quanti-
tative meta-analysis was conducted on the basis of risk factors-
adjusted effect estimates rather than un-adjusted effect estimates.

We conducted a systematic search in the electronic databases of
PubMed, Web of Science, EMBASE and Scopus to identify all rele-
vant published studies as of February 5, 2022, using the following
search terms: “coronavirus disease 2019” or “COVID-19” or “severe
acute respiratory syndrome coronavirus 2” or “SARS-CoV-2” or
“2019 novel coronavirus” or “2019-nCoV” and “mortality” or “fatal-
ity” or “death” or “non-survivor” or “deceased” and “obstructive
sleep apnea” or “obstructive sleep apnea syndrome” or “apnea,
obstructive sleep” or “syndrome, obstructive sleep apnea”. Poten-
tial eligible articles were also found in references of the identified
articles and related reviews. This meta-analysis strictly abided by
the Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines [11]. Studies that met all of the
following criteria were included: (i) Participants were COVID-19
patients diagnosed in the laboratory; (ii) Studies should be in En-
glish and peer-reviewed; (iii) Studies reported adjusted effect esti-
mates on the association between OSA and the risk of mortality
among COVID-19 patients. Studies with poor outcomes from
COVID-19 patients that did not include death (mortality, deceased,
and so on) were excluded. Case reports, review papers,
ts, repeated studies, studies only reporting the characteris-

tics of COVID-19 patients with OSA, and studies without available
full text were also excluded.

Data extractions were independently performed by two authors
(Mengke Hu and Jiahao Ren). Disagreements were resolved by
communication with a third author (Xueya Han). Main characteris-
tics included the first author name, country, study design, sample
size, percentage of males, age, adjusted effect estimates and corre-
sponding 95% confidence interval (CI), and setting. The study
outcome of interest was death. The pooled effect was calculated
to measure the risk of death outcome among COVID-19 patients
with OSA. Heterogeneity between studies was assessed by using
the I2 statistic. A random-effects model was utilized if there was
heterogeneity between studies (I2 � 50%). If not, a fixed-effects
model was chosen. Begg's rank correlation test was performed to
assess publication bias. Subgroup analysis and leave-one-out sensi-
tivity analysis were also carried out. The R software (version 4.1.2,
The R Foundation) was used to perform all statistical analyses.
P < 0.05 was considered statistically significant.

383 articles were identified through a preliminary literature
search, 152 articles remained after eliminating duplicates, 107 arti-
cles were excluded after reading the titles and abstracts, 45 full-text
articles were assessed for eligibility, in the end, 13 articles
[2e7,12e18] with 31,933 COVID-19 patients were included in this
study. Of these thirteen studies, four studies were prospective
and nine studies were retrospective. Three of the included studies
were from Asia (one was from India, one was from South Korea,
and one was from China), five studies were from Europe (one was
from UK, one was from France, one was from the Netherlands,
and two were from the Switzerland), and five studies were from
North America (All were from USA). The primary characteristics
of the included studies are shown in Table S1.

Our quantitative meta-analysis demonstrated that there was a
statistically significant relationship between OSA and an elevated
risk for fatal COVID-19 based on adjusted effect estimates (pooled
effect estimate ¼ 1.56, 95% CI: 1.20e2.02; Fig. 1A). When the partic-
ipants were restricted only to the hospitalized COVID-19 patients,
this significant relationship still existed (pooled effect
estimate ¼ 1.71, 95% CI: 1.38e2.12). We observed consistent results
in the subgroup analyses by age (pooled effect estimate ¼ 1.43, 95%
CI: 1.09e1.88 for age <60 years old, and pooled effect
estimate ¼ 1.82, 95% CI: 1.31e2.53 for age �60 years old, respec-
tively) and study design (pooled effect estimate ¼ 1.49, 95% CI:
1.06e2.08 for retrospective study, and pooled effect
estimate ¼ 1.73, 95% CI: 1.08e2.79 for prospective study,
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Fig. 1. (A) The forest plot demonstrated the pooled effect estimate regarding the as-
sociation between obstructive sleep apnoea (OSA) and the significantly increased risk
for death among patients with coronavirus disease 2019 (COVID-19) on the basis of
adjusted effect estimates; (B) Leave-one-out sensitivity analysis indicated the robust-
ness of our results; (C) Begg's test showed no potential publication bias.
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respectively). Sensitivity analysis showed that our results were sta-
ble and robust (Fig. 1B). Begg's test indicated that there was no pub-
lication bias in this meta-analysis (P ¼ 0.713, Fig. 1C).

In conclusion, this quantitative meta-analysis demonstrated
that OSA was independently associated with a significantly
elevated risk for death among patients with COVID-19. Further
well-designed studies with large sample sized prospective studies
are warranted to confirm our findings. We hope that the data of
this quantitative meta-analysis will contribute to more accurate
elaboration and substantiation of the review documented byMiller
et al. [1].
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