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ABSTRACT

Objective This study aimed to conduct a meta-analysis
to explore and summarise the evidence regarding the
association between obstructive sleep apnoea (0SA) and
the subsequent risk of vascular outcomes and all-cause
mortality.

Methods Electronic databases PubMed, Embase and

the Cochrane Library were searched to identify studies
conducted through May 2016. Prospective cohort studies
that reported effect estimates with 95% Cls of major
adverse cardiac events (MACEs), coronary heart disease
(CHD), stroke, cardiac death, all-cause mortality and heart
failure for different levels versus the lowest level of 0SA
were included.

Results A total of 16 cohort studies reporting data on
24308 individuals were included. Of these, 11 studies
reported healthy participants, and the remaining five
studies reported participants with different diseases.
Severe 0SA was associated with an increased risk of
MACEs (relative risk (RR): 2.04; 95% Cl 1.56 to 2.66;
P<0.001), CHD (RR: 1.63; 95% Cl 1.18 to 2.26; P=0.003),
stroke (RR: 2.15; 95% Cl 1.42 to 3.24; P<0.001), cardiac
death (RR: 2.96; 95%Cl 1.45 t0 6.01; P=0.003) and all-
cause mortality (RR: 1.54; 95% Cl 1.21 to 1.97; P<0.001).
Moderate OSA was also significantly associated with
increased risk of MACEs (RR: 1.16; 95%Cl 1.01 to 1.33;
P=0.034) and CHD (RR: 1.38; 95%Cl 1.04 t0 1.83;
P=0.026). No significant association was found between
mild 0SA and the risk of vascular outcomes or all-cause
mortality (P>0.05). Finally, no evidence of a factor-specific
difference in the risk ratio for MACEs among participants
with different levels of 0SA compared with those with the
lowest level of 0SA was found.

Conclusions Severe and moderate 0SAs were associated
with an increased risk of vascular outcomes and all-cause
mortality. This relationship might differ between genders.
Therefore, further large-scale prospective studies are
needed to verify this difference.

INTRODUCTION

Obstructive sleep apnoea (OSA) affects 24%
of middle-aged men and 9% of women in the
USA, but daytime sleepiness was reported in
17% and 22% of these subjects, respectively.'
OSA is an increasingly prevalent condition
characterised by repetitive obstruction of
the upper airway during sleep accompa-
nied by episodic hypoxia, arousal and sleep
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Strengths and limitations of this study:

» This was a meta-analysis to elucidate the association
of obstructive sleep apnoea (0SA) with fatal and non-
fatal cardiovascular diseases, using a broad search
strategy and predefined selection criteria and with
no restriction of language or publication status.

» The methodological quality of each study was
assessed using the Newcastle-Ottawa Scale for
prospective observational studies, and a meta-
analysis, sensitivity analysis, subgroup analysis and
bias assessment were also conducted.

» Only prospective studies were included, eliminating
selection and recall bias that could be of concern in
retrospective case—control studies.

» Summary relative risks were calculated to evaluate
any potential difference between subsets according
to the characteristics of the participants.

» Different cut-off values for the apnoea—hypopnoea
index might affect the relationship between 0SA and
vascular outcomes.

fragmentation.” Previous studies suggested
that OSA was associated with an increased
risk of glaucoma, diabetic kidney disease and
metabolic syndrome.”” However, data on
the association between OSA and the risk of
subsequent vascular outcomes and mortality
are both limited and inconclusive. Further-
more, whether these relationships differ
according to the characteristics of patients
with OSA also needs to be verified.

Several meta-analyses have illustrated that
continuous positive airway pressure (CPAP)
interventions aimed at OSA may reduce the
risk of cardiovascular outcomes. Kim et al’
showed that CPAP treatment for OSA was
associated with a lower incidence of stroke
and cardiac events. Furthermore, Bratton
et al’ indicated that use of both CPAP and
mandibular advancement devices was asso-
ciated with a reduction in the blood pres-
sure among patients with OSA. Nadeem
et al’ suggested that CPAP treatment for OSA
seemed to improve dyslipidaemia (decrease in
total cholesterol and low-density lipoprotein
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and increase in high-density lipoprotein), whereas it did
not appear to affect the triglyceride levels. These studies
demonstrated that patients with OSA who received inter-
ventions had a reduced risk of cardiovascular diseases.
Therefore, clarifying the relationship between OSA and
vascular outcomes is particularly important as it has
not been definitively determined. This study attempted
to perform a large-scale examination of the available
prospective studies to determine the association of OSA
with the potential risk of vascular outcomes and all-cause
mortality.

METHODS

Data sources, search strategy and selection criteria

This study was conducted and reported according to the
Meta-analysis of Observational Studies in Epidemiology
protocol (Checklist s1).?

Any prospective cohort study that examined the rela-
tionship between OSA and vascular outcomes or all-cause
mortality was eligible for inclusion into this study, and no
restrictions were placed on language or publication status
(eg, published, in press or in progress). Electronic data-
bases PubMed, Embase and the Cochrane Library were
searched for articles published through May 2016, using
the terms ‘sleep apnea’ OR ‘obstructive sleep apneas’
AND (‘cardiovascular disease’ OR ‘stroke’ OR ‘cardiac
death’ OR ‘mortality’ OR ‘death’ OR ‘CVD’ OR ‘myocar-
dial infarction” OR ‘coronary events’) AND ‘clinical trials’
AND ‘human’ as the search terms (online supplementary
1). Manual searches of reference lists were also conducted
from all the relevant original and reviewed articles to
identify additional eligible studies. The medical subject
heading, methods, patient population, design, exposure
and outcome variables of these articles were used to iden-
tify the relevant studies.

The literature search was independently undertaken by
two authors using a standardised approach. Any incon-
sistencies between these two authors were settled by
the primary author until a consensus was reached. The
study was eligible for inclusion if the following criteria
were met: (1) the study had a prospective cohort design;
(2) the study investigated the association between OSA
and the risk of major adverse cardiac events (MACEs),
coronary heart disease (CHD), stroke, cardiac death,
all-cause mortality and heart failure; and (3) the authors
reported effect estimates (relative risk (RR), HR or OR)
and 95% CIs for comparisons of different levels of OSA
versus lowest OSA level. All case—control studies were
excluded because various confounding factors could bias
the results.

Data collection and quality assessment

The data collected included the first author’s name,
publication year, country, sample size, mean age at
baseline, percentage of male patients, body mass index
(BMI), disease status, assessment of OSA, follow-up dura-
tion, effect estimate and its 95% CI, reported endpoints

and covariates in the fully adjusted model. For studies
that reported several multivariable adjusted RRs, the
effect estimate that was maximally adjusted for potential
confounders was selected.

The Newcastle-Ottawa Scale (NOS), which is quite
comprehensive and has been partially validated for evalu-
ating the quality of observational studies in the meta-anal-
ysis, was used to evaluate the methodological quality."
The NOS is based on the following three subscales:
selection (four items), comparability (one item) and
outcome (three items). A ‘star system’ (range: 0-9) was
developed for assessment (table 1). The data extraction
and quality assessment were conducted independently by
two authors. Information was examined and adjudicated
independently by an additional author referring to the
original studies.

Statistical analysis
The relationship between OSA and the risk of vascular
outcomes or all-cause mortality based on the effect esti-
mate (OR, RR or HR) and its 95% CI was examined in
each study. HR was considered to be equivalent to RR
in cohort studies. Given the low incidence of vascular
outcomes and all-cause mortality, ORs could be consid-
ered as accurate estimates of RRs."" A semiparametric
method was first used to evaluate the association of mild
OSA (apnoea-hypopnea index (AHI): 5-15), moderate
OSA (AHI: 15-30) and severe OSA (AHI >30) with the
risk of vascular outcomes or all-cause mortality in order
to analyse the trend between OSA levels and vascular
outcomes or all-cause mortality risk.'* For each individual
study, each category of AHI was reclassified based on its
calculated midpoint (for closed categories) or median
(for open categories, assuming a normal distribution for
AHI). The control category was composed of participants
with the lowest AHI or normal participants in that study.
Furthermore, when an individual study provided more
than one median AHI level for classification among the
three categories (ie, mild, moderate or severe OSA), a
fixed-effects model was used to calculate their summary
RRs and 95% ClIs to obtain effect estimates for each cate-
gory."” If the study data were not broken down by AHI
but rather by oxygen desaturation index, classification
into the OSA categories was carried out based on the
judgement of the clinicians. A random-effects model was
then used to calculate summary RRs and 95% CIs for
mild, moderate and severe OSA versus normal.* Finally,
the ratio of RRs and the corresponding 95% CIs between
subgroups were estimated using specific RRs and 95% CIs
in each group based on the country, mean age, gender,
BMI, disease status and duration of the follow-up period."”
Heterogeneity between studies was investigated using
the Q statistic, and P values <0.10 were considered as
indicative of significant heterogeneity."® 17 Subgroup anal-
yses were conducted for mild, moderate and severe OSA
and the risk of MACEs based on the country, mean age,
gender, BMI, disease status and duration of the follow-up
period. A sensitivity analysis was also performed by
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Potential articles from PubMed,

EmBase and Cochrane (n=3282)

Abstracts and title excluded during first
screening (n=3236)

A

Articles reviewed in details (n=46)

Articles excluded (n=30)
No appropriate control (n=6)
No desirable outcomes (n=18)
other (n=6)

16 studies included

Figure 1 Study selection process.

removing each individual study from the meta-analysis."®
Several methods were used to check for potential publi-
cation bias. Visual inspections of funnel plots for MACEs
were conducted. The Eggf:r19 and Begg20 tests were also
used to statistically assess publication bias for MACEs. All
reported P values were two sided, and P values <0.05 were
regarded as statistically significant for all included studies.
Statistical analyses were performed using the STATA soft-
ware (V.12.0).

RESULTS

Literature search

The results of the study selection process are shown in
figure 1. An initial electronic search yielded 3282 arti-
cles, of which 3236 duplicates and irrelevant studies
were excluded, and 46 potentially eligible studies were
selected. After detailed evaluations, 16 prospective
studies were selected for the final meta-analysis.”' ™

No new studies qualified for inclusion after a manual
search of the reference lists of these studies. The general
characteristics of the included studies are presented in
table 1.

Study characteristics

A total of 16 studies with 24308 individuals qualified
for this study. The follow-up period for participants was
2.9-18.0 years, while 73-10149 individuals were included
in each study. Eight studies were conducted in the USA,
four in Spain, one in Sweden, one in Portugal, one in
Hungary and one in Canada. Furthermore, 11 studies
reported healthy participants, and the remaining five
studies reported participants with different diseases. The
mean BMI ranged from 26.8 to 84.0kg/m” Fourteen
studies used polysomnography (PSG), and the remaining
one study used limited PSG to assess the levels of OSA.
The study quality was assessed using the NOS (table 1).
Overall, one study had a score of 9, six studies had a score
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RR
Study (95% Cl) % Weight
Gottlieb et d i 0.97 (0.82, 1.15) 42,1
Young et al — 1.40 (0.70, 2.60) 3.4
Punjabi et d . 0.93 (0.80, 1.08) 50.8
Yaggi et al I L — 1.75 (0.88, 3.49) 3.1
Le?oetal 1.02(0.19, 5.56) 0.5
Overall 0.98 (0.87, 1.11); P=0.741 100.0
(I-square: 7.5%; P=0.364)
[ I

RR

Figure 2 Association between mild OSA and MACEs. MACES, major adverse cardiac events; OSA, obstructive sleep apnoea;

RR, relative risk.

of 8, seven studies had a score of 7 and the remaining two
studies had a score of 6.

0SA and MACE risk

The summary RRs showed that mild OSA was not associ-
ated with MACEs (RR: 0.98; 95% CI 0.87 to 1.11; P=0.741;
figure 2 and table 2). Furthermore, the pooled analysis
results for moderate and severe OSA indicated that they
had a harmful effect on the risk of MACEs (moderate: RR:
1.16; 95% CI 1.01 to 1.33; P=0.034; figure 3 and table 2;
severe: RR: 2.04; 95% CI 1.56 to 2.66; P<0.001; figure 4 and
table 2). A subgroup analysis for MACEs was conducted
to minimise heterogeneity among the included studies
and evaluate the relationship between OSA and MACEs
in specific subpopulations (table 3). Overall, participants
with moderate OSA were associated with an increased
risk of MACE:s if individuals did not have other diseases
(RR: 1.16; 95% CI 1.01 to 1.33; P=0.034). Furthermore,
no significant association was found between severe OSA
and MACE: if the study included only women (RR: 1.98;
95% CI 0.64 t0 6.06; P=0.234); in other subsets, severe OSA
was associated with an increased risk of MACEs (table 3).
Finally, no evidence of a factorspecific difference was

found in the RR for MACEs among participants with OSA
compared with controls (table 3).

0SA and CHD risk

The pooled data of meta-analysis showed that mild OSA
was not associated with the risk of CHD (RR: 1.25; 95% CI
0.95 to 1.66; P=0.117; table 2 and online supplemen-
tary 2), whereas moderate OSA (RR: 1.38; 95% CI 1.04
to 1.83; P=0.026; table 2 and online supplementary 2)
and severe OSA (RR: 1.63; 95% CI 1.18 to 2.26; P=0.003;
table 2 and online supplementary 2) were associated with
a significantly increased risk of CHD. Stratified analyses
according to gender were conducted for different levels of
OSA versus normal group, and it was found that patients
with severe OSA had significantly increased the risk of
CHD in men (RR: 1.65; 95% CI 1.06 to 2.57; P=0.027).
No other significant differences were detected (table 4).

0SA and stroke risk

Pooled analysis results indicated no association between
mild OSA (RR: 1.29; 95% CI 0.69 to 2.41; P=0.424; table 2
and online supplementary 2) and moderate OSA (RR:
1.35; 95% CI 0.82 to 2.23; P=0.245; table 2 andonline

Table 2 Summary of the relative risks of all outcomes evaluated

Mild OSA (RR with P value for Moderate OSA (RR P value for Severe OSA (RR P value for
Outcomes 95% Cl) mild OSA  with 95% CI) moderate OSA with 95% CI) severe OSA
MACEs 0.98 (0.87 to 1.11)  0.741 1.16 (1.01t0 1.33) 0.034 2.04 (1.56 to 2.66) <0.001
CHD 1.25(0.95t01.66) 0.117 1.38 (1.04 t0 1.83) 0.026 1.63 (1.18t02.26)  0.003
Stroke 1.29 (0.69t0 2.41) 0.424 1.35(0.82t02.23) 0.245 2.15(1.42t0 3.24) <0.001
Cardiac death 1.80 (0.68t0 4.76)  0.236 1.11(0.53t02.35) 0.781 2.96 (1.45t06.01)  0.003
All-cause mortality 1.26 (0.77 to 2.07)  0.354 1.04 (0.60to 1.79) 0.895 1.54 (1.21t0 1.97) <0.001
Heart failure 1.02 (0.78t0 1.34)  0.868 1.07 (0.74to 1.54)  0.719 1.44 (0.94t02.21)  0.097

CHD, coronary heart disease; MACE, major cardiovascular event; OSA, obstructive sleep apnoea; RR, relative risk.

6

Xie C, et al. BMJ Open 2017;7:e013983. doi:10.1136/bmjopen-2016-013983

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw erep pue 1xa1 01 pale[al sasn Joj Buipnjoul ‘1ybluAdoos Agq paloslold

* (s3gv) Jnauadns juswaublasug
| @p anbiydeibollgig sousby e GZoz ‘0T aung uo /wod fwg uadolway/:dny wouj pspeojumod "/TOZ 18qWa28Q ¢ U0 £86£T0-9T0Z-uadolwg/9eTT 0T Sk paysiignd 1s.1) :uado CING


https://dx.doi.org/10.1136/bmjopen-2016-013983
https://dx.doi.org/10.1136/bmjopen-2016-013983
https://dx.doi.org/10.1136/bmjopen-2016-013983
https://dx.doi.org/10.1136/bmjopen-2016-013983
https://dx.doi.org/10.1136/bmjopen-2016-013983
http://bmjopen.bmj.com/

8 Open Access

L755MISW
.

A 7
g breast carci
8
]
=
» -
T ——
Receptor L  Furin-like GFR TMD Protein tyrosine
domain domain domain IV kinase domain
5
g Bladder urothelial carcinoma
s S310F
g .
= . . . . .00
? e G
5
£ Lung adenocarcinoma
® Y772_A775dup
- | .
=
= . .
o
S310F/Y
101 . .
P Across cancer studies
]
: .
= @ .
=
0 eniwemiesse e Aoi D etmiet
.
0 200 400 600 800 1000 1255aa
B ]
= HER2 wild-type
1001

504

Percent survival

- HER2 mutant (non-amplfiied)
-+ HER2 mutant (all)

L) L) L]
0 100 200 300

Overall survival (months)

Figure 3 Association between moderate OSA and MACEs. MACES, major adverse cardiac events; OSA, obstructive sleep

apnoea.

supplementary 2) and stroke, whereas severe OSA was
associated with an increased risk of stroke (RR: 2.15;
95% CI 1.42 to 3.24; P<0.001; table 2 and online supple-
mentary 2). Subgroup analysis on the basis of gender
indicated that severe OSA had a harmful effect on the risk
of stroke in men (RR: 2.86; 95% CI 1.10 to 7.41; P=0.031;
table 4).

0SA and cardiac death risk

The summary RRs showed that mild OSA (RR: 1.80;
95% CI 0.68 to 4.76; P=0.236; table 2 and online supple-
mentary 2) and moderate OSA (RR: 1.11; 95% CI 0.53 to
2.35; P=0.781; table 2 and online supplementary 2) were
not associated with cardiac death risk, whereas severe OSA
significantly increased the risk of cardiac death (RR: 2.96;
95% CI 1.45 to 6.01; P=0.003; table 2 and online supple-
mentary 2). Subgroup analysis showed that severe OSA
was associated with an increased risk of cardiac death in

men (RR: 2.87;95% CI 1.13 to 7.27; P=0.026; table 4).

0SA and all-cause mortality risk
No significant association was found between mild OSA
(RR:1.26;95% CI10.77 to 2.07; P=0.354; table 2 and online

supplementary 2), moderate OSA (RR: 1.04; 95% CI 0.60
to 1.79; P=0.895; table 2 and online supplementary 2)
and all-cause mortality risk. However, severe OSA had
a harmful impact on the all-cause mortality (RR: 1.54;
95% CI 1.21 to 1.97; P<0.001; table 2 and online supple-
mentary 2). Stratified analysis suggested that severe OSA
increased the risk of all-cause mortality in men (RR: 1.72;
95% CI 1.22 to 2.43; P=0.002) and women (RR: 3.50;
95% CI 1.23 to 9.97; P=0.019; table 4).

0SA and heart failure risk
The summary results indicated no significant differ-
ences between mild OSA (RR: 1.02; 95% CI 0.78 to 1.34;

P=0.868), moderate OSA (RR: 1.07; 95% CI 0.74 to 1.54; ¢

P=0.719) and severe OSA (RR: 1.44; 95% CI 0.94 to 2.21;
P=0.097) and the risk of heart failure (table 2 and online
supplementary 2). Subgroup analysis reported similar
results compared with the overall analysis (table 4).

Publication bias

Review of the funnel plots could not rule out the poten-
tial publication bias for MACEs (figure 5). The Egger and
Begg test results showed no evidence of publication bias
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Study F9§% cl) % Weight
Mooe et d 1.62(1.09, 2.41) 15.6
Gottlieb et d 1.34(1.00, 1.80) 18.6
Campos—Rodriguez et 4 L 3.50(1.23,9.98) 5.1
Marin et al 3.01(1.55,5.86) 9.6
Young et al 3.80( 1.60, 9.00) 6.8
Punjabietd 1.46 (1.14,1.86) 20.0
Shah et al 2.06(1.10,3.86) 10.3
Yaggi et al 3.30(1.74,6.26) 10.0
Le?o et al 3.58(1.09,11.73) 4.1

Overall 2.04 (1.56, 2.66); P<0.001 100.0

3 5 1
RR

(I-square: 55.7%; P=0.021)

Figure 4 Association between severe OSA and MACEs. MACES, major adverse cardiac events; OSA, obstructive sleep

apnoea; RR, relative risk.

for MACEs of mild OSA (P value for Egger: 0.132; P value
for Begg: 0.221) and moderate OSA (P value for Egger:
0.052; P value for Begg: 0.452). Although the Begg test
showed no evidence of publication bias for MACEs of
severe OSA (P=0.118), the Egger test showed potential
evidence of publication bias for MACEs of severe OSA
(P<0.001). The conclusion did not change after adjust-
ment for publication bias using the trim-and-fill method.”’

DISCUSSION

The present study was based on prospective cohort studies
and explored all possible correlations between OSA and
the outcomes of MACEs, CHD, stroke, cardiac death,
all-cause mortality and heart failure. This large quantita-
tive study included 24 308 individuals from 16 prospective
cohort studies with a broad range of populations. The
findings from the present meta-analysis suggested that
mild OSA had no significant impact on the risk of vascular
outcomes and all-cause mortality, moderate OSA was asso-
ciated with an increased risk of MACEs and CHD and
severe OSA had a harmful effect on the risk of MACEs,
CHD, stroke, cardiac death and all-cause mortality.

A previous meta-analysis suggested that OSA was asso-
ciated with stroke, but its relationship with ischaemic
heart disease and cardiovascular mortality needs further
research.®® However, this study could not illustrate the
impact of different levels of OSA on the risk of serious
cardiovascular outcomes. Furthermore, Dong et al”
suggested that moderate-to-severe OSA significantly
increased the risk of cardiovascular diseases, in particular,
the risk of stroke. Similarly, Ge et al’’ indicated that severe
OSA is a strong independent predictor of cardiovascular
and all-cause mortality. CPAP treatment was associated
with decreased cardiovascular mortality. However, these

two studies could not evaluate the association of OSA
with the risk of vascular outcomes and all-cause mortality
in specific subpopulations. In addition, Wang et al'!
suggested that severe OSA significantly increased the risk
of CHD and stroke, and all-cause mortality. A positive asso-
ciation with CHD was observed for moderate OSA but not
for mild OSA. However, whether this relationship differs
according to the characteristics of participants remains
unclear. Finally, Xie et al® conducted a meta-analysis to
evaluate the relationship between OSA and recurrent
vascular events and all-cause mortality. However, they just
compared the highest AHI versus lowest AHI, whereas the
degree of OSA and subsequent adverse outcomes were
not available. Therefore, a comprehensive meta-analysis
of these prospective cohort studies was performed to eval-
uate any possible correlates between OSA and vascular
outcomes.

No significant difference was observed between mild
OSA and the risk of vascular outcomes. However, several
studies included in this study reported inconsistent
results. Young et al”® suggested that mild OSA significantly
increased the risk of CHD by 92%, whereas Punjabi et al™®
indicated that mild OSA might have a harmful effect on
the risk of CHD. This might be because these two studies
used healthy individuals as controls, which may make
them more susceptible to acquired significant conclu-
sion. Furthermore, most of these studies did not take
into account potential confounders for the risk of cardio-
vascular disease. Moderate-to-severe OSA might play an
important role in the risk of vascular outcomes. Shah
et al’® concluded that OSA increased the risk of coronary
events or death from cardiovascular causes. Nearly all
included studies reported adverse outcomes for severe
OSA. Finally, Previous studies indicated that OSA was a
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A.mild OSA and MACEs

Funnel plot with pseudo 95% confidence limits

B.moderate OSA and MACEs

Funnel plot with pseudo 95% confidence limits

C.severe OSA and MACEs

Funnel plot with pseudo 95% confidence limits
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Figure 5 Funnel plots. MACES, major adverse cardiac events; OSA, obstructive sleep apnoea; RR, relative risk.

cause of diabetes, which was an independent risk factor
for MACEs.*

Subgroup analyses reported similar conclusions.
Gender might have an impact on the relationship between
OSA and CHD, stroke or cardiac death, although the sex
difference was not statistically significant. The possible
reasons could be the lower prevalence of severe OSA in
women and the later age of onset of OSA in women than
in men. Furthermore, OSA in women always occurred
after menopause. Physiological response to OSA is
another reason for this non-significant difference. Finally,
these conclusions might be unreliable because smaller
cohorts were included in each subset. Therefore, further
large-scale studies were needed to verify this difference.
Therefore, a relative result was given, and a synthetic and
comprehensive review was provided.

No significant difference was found between mild or
moderate OSA and all-cause mortality, while severe OSA
was associated with an increased risk of all-cause mortality.
Furthermore, these significant associations were also
observed in men and women separately. Although the
effect estimate in women was larger than that in men, no
gender difference was found in the relationship between
OSA and all-cause mortality. This might be because the
number of studies that reported the relationship between
severe OSA and all-cause mortality was smaller than
expected, and a broad 95% CI was acquired. Therefore,
the association of severe OSA with all-cause mortality
in women was variable and should be verified in future
large-scale prospective studies.

Three strengths of this study should be highlighted.
First, only prospective studies were included, which elim-
inated selection and recall bias, and could be of concern
in retrospective case—control studies. Second, the large
sample size allowed us to quantitatively assess the asso-
ciation of OSA with the risk of vascular outcomes and
mortality, and thus the findings were potentially more
robust than those of any individual study. Third, the
summary RRs were calculated to evaluate any potential
difference between subsets according to the characteris-
tics of participants.

P value for Egger:0.052

P value for Egger: <0.001 P value for Begg:0.118

P value for Begg: 0.452

The limitations of this study were as follows: (1) the
adjusted models were different across the included
studies, and these factors might have played an important
role in developing vascular outcomes; (2) in a meta-anal-
ysis of published studies, publication bias was an inev-
itable problem; and (3) the analysis used pooled data
(individual data were not available), which restricted
performing a more detailed relevant analysis and
obtaining more comprehensive results.

The results of this study suggested that moderate-to-se-
vere OSA might play an important role in the risk of
vascular outcomes, especially for men. Future studies
should focus on specific populations to analyse the
gender difference to study the association between OSA
and vascular outcomes.
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