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ABSTRACT
Objectives  Over 1 billion individuals worldwide experience 
some form of sleep apnoea, and this number is steadily 
rising. Obstructive sleep apnoea (OSA) can negatively 
influence one’s quality of life and potentially increase 
mortality risk. However, the association between OSA 
and mortality has not been reliably estimated. This meta-
analysis estimates the risk of all-cause and cardiovascular 
mortality in individuals with OSA.
Design  Systematic review and meta-analysis.
Data sources  MEDLINE, Cochrane Library, Scopus and 
Joanna Briggs Institute Evidence-Based Practice databases 
were searched from inception through 1 January 2020.
Eligibility criteria for selecting studies  We included 
observational studies assessing the association of sudden 
deaths in individuals with and without OSA.
Data extraction and synthesis  Two independent 
reviewers (AES and ESH) extracted data and assessed 
the risk of bias using the Newcastle-Ottawa Scale quality 
assessment tool. Data were pooled using the random-
effects models and reported as risk ratios (RRs) with 95% 
CIs. Heterogeneity was quantified with I2 statistic.
Results  We identified 22 observational studies (n=42 099 
participants). The mean age was 62 years and 64% 
were men. OSA was associated with all-cause sudden 
death (RR=1.74, 95% CI: 1.44 to 2.10, I2=72%) and 
cardiovascular mortality (RR=1.94, 95% CI: 1.39 to 
2.70, I2=32%). A marginally significant dose–response 
relationship between severity of OSA and the risk of death 
was observed (p for interaction=0.05): mild OSA (RR=1.16, 
95% CI: 0.70 to 1.93), moderate OSA (RR=1.72, 95% CI: 
1.11 to 2.67) and severe OSA (RR=2.87, 95% CI: 1.70 to 
4.85). Meta-regression analysis showed that older age was 
a significant contributing factor in the relationship between 
OSA and mortality. The median study methodological 
quality was considered high.
Conclusions  OSA is a significant risk factor for all-cause 
mortality and cardiac mortality. Prevention and treatment 
strategies to optimise survival and quality of life in 
individuals with OSA are urgently needed.
PROSPERO registration number  CRD42020164941.

INTRODUCTION
Obstructive sleep apnoea (OSA) is a chronic 
sleep disorder in which individuals experience 
complete or partial obstruction of the upper 
airway structures,1 2 with a resultant reduction 

or complete blockage of airflow during sleep, 
intermittent hypoxia and sleep disturbances.3 
Common symptoms of OSA, such as excessive 
daytime sleepiness, fatigue, heavy snoring and 
non-refreshing sleep, have the potential to 
play an influential role in one’s quality of life 
(QOL).4 OSA also increases one’s risk of devel-
oping several cardiovascular-related comor-
bidities, including heart failure, arrhythmias 
and coronary artery disease.5 Individuals with 
an apnoea–hypopnoea index (AHI) >36 have 
a threefold higher risk of all-cause mortality 
in comparison to other AHI scores (HR=3.30; 
95% CI 1.74 to 6.26).6 Patients with OSA 
who are classified as moderate (AHI 15–30) 
to severe (AHI >30) have an increased risk 
of many adverse outcomes, specifically all-
cause mortality.7 As a result of this, the risk of 
mortality in patients diagnosed with OSA has 
become a growing and pervasive concern.

OSA is a growing public health concern, 
with previous studies in the literature 
reporting an increasing global prevalence of 
upwards of 1 billion individuals.8 Estimates 
within the USA suggest that approximately 
15% of adults are clinically diagnosed with 
OSA.9 A large portion of the population 
suffers from OSA-like symptoms without 
receiving any diagnosis or treatment. This 

Key messages

►► Are individuals with sleep apnoea at an increased 
risk for cardiovascularand all-cause sudden death?

►► Sleep apnoea is associated with an increased risk 
of cardiovascular mortality and all-cause sudden 
death, with a marginally significant dose–response 
relationship, where those with severe sleep apnoea 
are at the highest risk of mortality.

►► The present systematic review and meta-analysis 
synthesise and quantify the risk of mortality in in-
dividuals with sleep apnoea, highlighting important 
directions for future research that focuses on the 
prevention of obstructive sleep apnoea.
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group continues to further the burden placed on the 
public health and medical systems. Identifying individ-
uals diagnosed with OSA who are considered at-risk for 
adverse health outcomes can reduce the economic cost 
and burden on the healthcare system.10

Existing evidence on the association between OSA and 
the risk of sudden death is insufficient and inconclusive. 
Our objective is to estimate the association of OSA and 
the mortality risk. We hypothesise that OSA is a risk factor 
for cardiac events and all-cause mortality. The present 
systematic review and meta-analysis estimate the risk of 
all-cause and cardiovascular mortality in individuals with 
OSA.

METHODS
Search strategy and selection criteria
Design
We registered the present study with PROSPERO and 
the study protocol has been published.11 The findings 
are reported according to the guidelines of the of the 
Meta-analyses Of Observational Studies in Epidemiology 
checklist (online supplemental table 1).

Data source and searches
We searched MEDLINE, Cochrane Library, Scopus and 
Joanna Briggs Institute Evidence-Based Practice databases 
from inception through 1 January 2020. Full search terms 

Figure 1  Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. JBI, Joanna Briggs Institute; 
OSA, obstructive sleep apnoea;EBP, Evidence-Based Practice.
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used in this study are presented in online supplemental table 
2. In summary, search terms included Medical Subject Head-
ings with combinations of ‘sleep apnoea, obstructive’ and 
‘death, sudden and ‘cardiac death’’. We screened reference 
lists of identified articles for potential eligibility as well. We 
did not impose any limitations related to the date of publica-
tion, language or geographical location.

Study selection
We included observational studies that reported rates 
of sudden death in individuals with OSA. Studies that 
reported the rates of sudden death in both patients 
with and without OSA were included. The exclusion 
criteria were: (1) studies not conducted on humans 
and did not report the estimates of the outcome of 
interest or, (2) did not provide enough information to 
calculate them, (3) review papers, (4) meta-analyses, 
(5) literature reviews, (6) commentaries and (7) 
conference abstracts.

Figure 2  Forest plot of pooled risk ratio for the 
association of OSA with all-cause sudden death. Blue 
squares and their corresponding lines are the point 
estimates and 95% CI. Maroon diamonds represent the 
pooled estimate (width denotes 95% CI). Heterogeneity was 
considered high (I2=72%). OSA, obstructive sleep apnoea.

Figure 3  Forest plot of subgroup analysis by the severity 
of OSA. Blue squares and their corresponding lines are the 
point estimates and 95% CI. Maroon diamonds represent 
the pooled estimate for each subgroup (width denotes 
95% CI). Heterogeneity by severity of OSA: mild (I2=66%); 
moderate (I2=0%); severe (I2=0%); p for interaction 
comparing the different subgroups=0.05. OSA, obstructive 
sleep apnoea.

Figure 4  Forest plot of pooled risk ratio for the 
association of OSA and cardiovascular mortality. Blue 
squares and their corresponding lines are the point 
estimates and 95% CI. Maroon diamonds represent the 
pooled estimate for each subgroup (width denotes 95% CI). 
OSA, obstructive sleep apnoea.

Figure 5  Forest plot of subgroup analysis by study 
quality score. Blue squares and their corresponding lines 
are the point estimates and 95% CI. Maroon diamonds 
represent the pooled estimate for each subgroup (width 
denotes 95% CI). Heterogeneity by methodological quality 
score: high quality score (I2=64%); moderate quality 
score (I2=79%); p for interaction comparing the different 
subgroups=0.37.
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Data extraction
Two authors (ESH and AES) screened titles and 
abstracts of the studies for inclusion eligibility inde-
pendently. After screening initial articles, ESH and 
AES manually screened full-text articles for continued 
inclusion criteria. Disagreements were settled by 
another author (PS). Relevant data from each report 
were extracted and this included first author, year 
of publication, country of publication, number of 
participants with and without OSA, the median age 
of participants in both study groups, the median body 
mass index of participants with and without OSA, the 
proportion of the sample that was men, the propor-
tion of the study sample who smoked, the proportion 
of the study sample with hypertension and diabetes, 
the number of participants with OSA who died, the 
number of participants without OSA who died, the 
number of participants who did not die from both 
groups, risk ratios (RRs) of sudden death and their 
corresponding 95% CI. Priority was given to adjusted 
estimates.

Study quality assessment and categorisation
Study methodological quality was assessed independently 
by the two reviewers (ESH, AES) using the Newcastle-
Ottawa Scale quality assessment tool. Three parameters 
were used for rating observational studies: selection, 
comparability between exposed and unexposed groups, 
and exposure/outcome assessment. Studies with less 
than 5 stars of quality were given a low rating, those with 
5–7 were given moderate quality and greater than 7 was 
considered high. The risk of bias for each included trial 
was assessed independently.

Statistical analyses
We summarised the study selection process, the sample 
size and the sociodemographic characteristics of each 
study, including sex, mean/median age and the number 
of variables adjusted. The primary outcome was the risk 
of all-cause sudden mortality in individuals with OSA 
compared with individuals without OSA.

Cardiovascular mortality associated with OSA was 
the secondary outcome of interest. To calculate the 
pooled effect estimate and the 95% CIs, random-effects 
models with a generic inverse-variance method were 
fitted with the metagen function from the R package 
meta.12 DerSimonian and Laird method was used to 
calculate the between-study variance.13 We used the 
reported RR estimates (RR, HR, OR) as measures of 
the association between OSA and the risk of mortality. 
If an outcome is rare in all populations and subgroups, 
the distinctions among different measures of RRs (eg, 
ORs, rate ratios and RRs) can be ignored,14 thus we 
combined RRs and HRs with ORs in the present meta-
analysis and reported the pooled effect size as RRs as 
common risk estimates for all studies.

We quantified between-study variation using I2 statistics, 
expressed as % (low (25%), moderate (50%) and high 
(75%)).15 16 Influence sensitivity analysis (leave-out-one 
method) was conducted to estimate the influence of 
individual study on the overall pooled RR.17 Potential 
sources of heterogeneity were explored with subgroup 
and meta-regression analyses. Mean or median age, 
continent, publication year, the proportion of individ-
uals with diabetes and gender were used as covariates.18 
Funnel plots and Egger’s test were conducted to explore 
publication and small study bias.19 Finally, possible publi-
cation bias was adjusted using trim and fill analyses using 
Duval and Tweedie’s non-parametric method.20 R soft-
ware, V.3.4.3 (R Core Team, Vienna, Austria) was used to 
conduct the analyses.21

RESULTS
Overview
Figure 1 shows the study selection process. We identified 
4613 reports of which 22 met eligibility criteria.6 7 22–47 
Of the studies, 12 studies were from North America, 5 
from Europe, 3 from Asia and 1 from South America 
and Australia each. A total of 42 099 individuals were 

Figure 6  Forest plot for subgroup analysis by the 
continent of the study population. Blue squares and their 
corresponding lines are the point estimates and 95% CI. 
Maroon diamonds represent the pooled estimate for 
each subgroup (width denotes 95% CI). Heterogeneity 
by continent: North America (I2=77%); Europe (I2=62%); 
Asia (I2=64%); South America (I2 not applicable); Australia 
(I2=not applicable); p for interaction comparing the different 
subgroups=0.47.
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included in the final quantitative analysis. The mean 
age was 62 years and 64% were men. The median 
study methodological quality score was 9 (7–9) (online 
supplemental table 3).

The risk of all-cause sudden death associated with OSA
The RR point estimates for all-cause sudden death asso-
ciated with OSA ranged from 0.80 to 9.20 (figure 2). The 
pooled RR of sudden death associated with OSA was 1.74 
(95% CI: 1.4 to 2.10), implying an approximately twofold 
higher risk of death. Between-study heterogeneity was 
moderate (I2=72%). We calculated the dose–response 
relation between severity OSA and all-cause sudden 
death. There was a marginally significant dose–response 
relationship between OSA and all-cause sudden death 
(p for interaction=0.05). The RR for mild OSA was 1.16 
(95% CI: 0.70 to 1.93, I2=66%), for moderate OSA was 
1.72 (95% CI: 1.11 to 2.67, I2=0%) and severe OSA was 
2.87 (95% CI: 1.70 to 4.85, I2=0%) (figure 3).

The risk of cardiovascular mortality associated with OSA
The point estimates of cardiovascular mortality ranged 
from 0.80 to 4.19 (figure  4). Overall, individuals with 
OSA had a nearly twofold higher risk of cardiovascular 
mortality than those without OSA (RR=1.94, 95% CI 1.39 
to 2.70, I2=32%).

Subgroup and meta-regression analyses
The study heterogeneity for the association of OSA and 
all-cause sudden death was moderate (I2=72%). There-
fore, we explored sources of heterogeneity by conducting 
subgroup analysis with study quality scores and the conti-
nent of the study population as covariates. Studies with 
a score of 9 were compared with those with a score of 
<9. In the studies with high-quality score, the relationship 
between OSA and mortality was significant (RR=1.91, 
95% CI: 1.50 to 2.44, I2=64%) but not in the studies with 
a moderate quality score (RR=1.52, 95% CI: 0.97 to 2.37, 
I2=79%) (figure 5). The test for the subgroup differences 
was not significant (p=0.37).

Subgroup analysis by continents showed significant 
pooled RRs for North America, Europe and Australia. 
However, the pooled RRs for Asia and South America 
were not significant (figure 6). The test for the subgroup 
differences was not significant (p=0.47).

Furthermore, we conducted univariate meta-
regression with mean or median study age, publication 
year, the proportion of participants with diabetes and 
male proportion as covariates.48 Meta-regression results 
revealed that year of publication and mean age signifi-
cantly explained the variations in the pooled estimates 
(table  1, figure  7). On the other hand, no statistically 
significant effects from sex or diabetes covariates were 
observed.

Table 1  Results of meta-regression analysis.

Exposure Covariate* N studies Coefficient (95% CI) P value

OSA % Male 22 −0.007 (−0.02 to 0.02) 0.94

OSA Age 11 0.04 (0.01 to 0.07) 0.003

OSA Publication year 22 −0.05 (−0.09 to −0.009) 0.017

OSA % Diabetes 9 0.005 (−0.004 to 0.001) 0.31

Age and publication year were significant explanatory variables for the variation in the risk of mortality associated with OSA.
*Age was the mean age of study population; otherwise, the median age was used. Publication year is per increasing year of publication.
OSA, obstructive sleep apnoea.

Figure 7  Univariate meta-regression analysis. Meta-regression bubble plots using age (A) and the publication year (B) as 
covariates.

https://dx.doi.org/10.1136/bmjresp-2020-000656
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Publication bias and influence analysis
We explored publication and small study bias with funnel 
plots and Egger’s test. We found the publication bias to 
be significant, as evidenced by asymmetrical funnel plot 
and significant Egger’s test (p<0.0001) (online supple-
mental figure 1). To adjust for the publication bias, 
the trim and fill method was conducted.20 Our analyses 
showed that if the asymmetry is due to publication bias, 
the adjusted effect estimates for OSA and sudden death 
remained significant (RR=1.23, 95% CI: 1.02 to 1.50, 
p=0.03) (online supplemental figure 2). Finally, influ-
ence sensitivity analyses did not indicate outlier studies17 
(online supplemental figure 3).

DISCUSSION
The results of the present systematic review and meta-analysis 
suggest that individuals with OSA have a greater risk of all-
cause sudden and cardiovascular death. The risk increases 
with age.

The twofold higher risk of deaths associated with 
OSA was similar to the effect estimates by Fonseca and 
colleagues who summarised studies published between 
2002 and 2014 and included 13 394 participants from 
13 studies.49 There is a large amount of evidence in 
research that supports the notion that OSA is associated 
with numerous cardiovascular conditions, including 
hypertension, coronary artery disease, congestive heart 
failure, arrhythmias and more.50 This association may 
be explained by the influence that the nervous system 
has on the sleep cycle in humans. OSA results in inter-
mittent hypoxia and oxygen desaturation during sleep, 
which may cause over-arousal of the central nervous 
system to increase airflow. The complex relationship 
between the sympathetic nervous system and the auto-
nomic nervous system causes a transient increase in both 
systolic and diastolic blood pressure during apnoeas.51 52 
Acute sympathetic activation during sleep and sustained 
elevation in sympathetic activity while awake and are 
important mechanisms of cardiovascular morbidity and 
mortality in patients with OSA.53–55

Furthermore, individuals with OSA experience sustained 
oxidative stress. OSA is associated with a group of proin-
flammatory and prothrombotic factors that are important 
in the development of atherosclerosis.56 C reactive protein, 
an inflammatory marker of oxidative stress, is increased in 
OSA patients and is associated with endothelial dysfunc-
tion.57 Also, Advanced glycation endproducts are increased 
in non-diabetic subjects with OSA and are associated with the 
severity of OSA.58 Lastly, fibrinogen, plasminogen activator 
inhibitor and reduced fibrinolytic activity in OSA is associ-
ated with enhanced platelet activity and aggregation, endo-
thelial cells leucocyte adhesion and accumulation leading to 
atherosclerosis and myocardial infarction.56

Our study had some limitations. First, although we 
gave priority to adjusted RR, it isplausible that residual 
confounding persisted in the estimates provided by each 
study. Therefore, our results should be interpreted with 

caution. Second, we combined adjusted and unadjusted 
RR in calculating pooled estimates. It is possible that such a 
method could have introduced the medium between-study 
heterogeneity we observed. Nevertheless, we used robust 
statistical models to explore covariates responsible for the 
observed variations. Indeed, we found age, study quality, 
publication year and the continent of the study population 
to significantly impact the variation of the pooled estimates. 
Lastly, although this meta-analysis included studies represen-
tative of five continents, including North America, Australia, 
Europe, Asia and South America, we were unable to iden-
tify any studies from Africa. Thus, these findings may not 
be generalisable in the African setting. There is a need for 
further research to confirm if the association between OSA 
and mortality remains true in populations not represented 
in our meta-analysis.

CONCLUSION
Individuals with OSA have nearly a twofold higher risk of 
sudden death and cardiovascular mortality. Treatments and 
interventions related to decreasing this risk and other adverse 
outcomes are necessary to optimise survival and QOL.
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