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ORIGINAL RESEARCH

Causal Effect of Obstructive Sleep 
Apnea on Atrial Fibrillation: A Mendelian 
Randomization Study
Weiqi Chen, MD, PhD;* Xueli Cai, MD;* Hongyi Yan, MD; Yuesong Pan , PhD

BACKGROUND: Obstructive sleep apnea (OSA) has shown to be associated with an increased risk of atrial fibrillation in obser-
vational studies. Whether this association reflect causal effect is still unclear. The aim of this study was to evaluate the causal 
effect of OSA on atrial fibrillation.

METHODS AND RESULTS: We used a 2-sample Mendelian randomization (MR) method to evaluate the causal effect of OSA on 
atrial fibrillation. Summary data on genetic variant-OSA association were obtained from a recently published genome-wide 
association studies with up to 217 955 individuals and data on variant-atrial fibrillation association from another genome-wide 
association study with up to 1 030 836 individuals. Effect estimates were evaluated using inverse-variance weighted method. 
Other MR analyses, including penalized inverse-variance weighted, penalized robust inverse-variance weighted, MR-Egger, 
simple median, weighted median, weighted mode-based estimate and Mendelian Randomization Pleiotropy Residual Sum 
and Outlier methods were performed in sensitivity analyses. The MR analyses in both the fixed-effect and random-effect 
inverse-variance weighted models showed that genetically predicted OSA was associated with an increased risk of atrial 
fibrillation (odds ratio [OR], 1.21; 95% CI, 1.12–1.31, P<0.001; OR, 1.21; 95% CI, 1.11–1.32, P<0.001) using 5 single nucleotide 
polymorphisms as the instruments. MR-Egger indicated no evidence of genetic pleiotropy (intercept, −0.014; 95% CI, −0.033 
to 0.005, P=0.14). Results were robust using other MR methods in sensitivity analyses.

CONCLUSIONS: This MR analysis found that genetically predicted OSA had causal effect on an increased risk of atrial fibrillation.

Key Words: atrial fibrillation ■ causal association ■ genetics ■ Mendelian randomization ■ obstructive sleep apnea

Atrial fibrillation is the most common cardiac ar-
rhythmia that affecting 1% to 4% of the popula-
tion, and its prevalence is expected to increase 

globally over the next 30  years due to population 
growth and aging.1,2 Previous studies showed that 
there were mechanistic links between cardiovascular 
risk factors and atrial fibrillation susceptibility; in par-
ticular, obstructive sleep apnea (OSA) was expected to 
contribute to development of atrial fibrillation.3

Several studies have shown that OSA increased 
the risk of atrial fibrillation, potentially through hypoxia, 
oxidative stress, inflammation and atrial remodeling.4–6 
There were growing evidences of observational studies 

indicating that presence of OSA might increase the risk 
of atrial fibrillation in community population and post-
operative atrial fibrillation following cardiac surgery.7–9 
However, due to the potential confounding biases and 
reverse causation that exist in observational studies,10 
it is difficult to assess the causality of OSA on atrial 
fibrillation for the association observed in observational 
studies.

Mendelian randomization (MR) design is a method 
for evaluating causality of risk factors on disease by 
using genetic variants as instrumental variables for 
risk factors. Because the genetic variants are as-
signed randomly at conception, MR analysis can 
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reduce potential unmeasured confounders and re-
verse causation, a major limitation of evidence from 
observational studies.10 In this study, we aimed to 
evaluate the causal effect of OSA on atrial fibrillation 
using MR approaches.

METHODS
Study Design and Data Sources
The authors declare that all supporting data are avail-
able within the article. We used a 2-sample MR model 
to evaluate the causal effect of OSA on atrial fibrilla-
tion (Figure 1). MR design is a method to test whether 
an exposure has a causal effect on the development 
of a disease, where genetic variations are deemed 
as instrumental variables. MR method can overcome 
unmeasured confounding and make stronger causal 
inferences.10 MR design rests on 3 assumptions: (1) 
the genetic variants are robustly associated with the 
exposure; (2) the genetic variants are not associated 
with other confounders; (3) the genetic variants are 
associated with the outcome only through the inves-
tigated exposure.11 Data on the associations of sin-
gle nucleotide polymorphisms (SNPs) with OSA and 
atrial fibrillation were obtained from recently published 
genome-wide association studies (GWAS).12,13 Only 
summary data were used in this article. Appropriate 
ethical approval and patient informed consent were 
obtained in the original studies.

Instrument Variables
We used published genetic variants associated with 
OSA from a recent published GWAS from FinnGen 
Study.12 This GWAS included 217 955 individuals with 
16 761 OSA patients identified using Finland nationwide 
health registries. OSA was diagnosed according to 
International Classification of Diseases, Tenth Revision 
(ICD-10) and Ninth Revision (ICD-9) codes (ICD-10: 
G47.3, ICD-9: 3472A), which is based on subjective 
symptoms, clinical examination and sleep registration 
applying apnea-hypopnea index ≥5/hour or respiratory 
event index ≥5/hour. This GWAS identified 5 loci as-
sociated with OSA (P<5.0×10−8).12 These 5 locus index 
variants explained 1.6% of the variation in OSA (F sta-
tistic=709, indicating sufficient strength of the instru-
ments).12 All these 5 SNPs were in different genomic 
regions and not in linkage disequilibrium (r2<0.20).12 
After a look-up of the 5 SNPs in Phenoscanner, we 
found that the 1 SNP (rs9937053) was associated with 
body mass index another SNP (rs4837016) was asso-
ciated with whole body fat-free mass at genome-wide 
significance level (P<5.0×10−8).14 Potential pleiotropic 
effect was not found for other 3 SNPs. Considering 
causal effect of obesity on OSA and mediation effect 
of OSA in the obesity’s effect on atrial fibrillation,12 we 
included these 2 SNPs in the main MR analysis but 
excluded them in sensitivity analysis. Table shows 
the characteristics and associations of the 5 included 
SNPs with OSA and atrial fibrillation.

Outcomes
Summary data for the associations between the 5 
OSA-related SNPs and atrial fibrillation were obtained 
from the recently published GWAS.13 In that study, 
associations between 34  740  186 genetic variants 
and atrial fibrillation were tested in a total of 60  620 
cases and 970 216 controls from 6 contributing stud-
ies: HUNT (Nord-Trøndelag Health Study), deCODE, 
MGI (Michigan Genomics Initiative), DiscovEHR, UK 

CLINICAL PERSPECTIVE

What Is New?
•	 Although accumulating observational evidence 

has demonstrated that obstructive sleep apnea 
was associated with development of atrial fi-
brillation, the causal effect of obstructive sleep 
apnea on atrial fibrillation is still unclear.

•	 This study provides genetic evidence of causal 
effect of obstructive sleep apnea on atrial 
fibrillation.

What Are the Clinical Implications?
•	 These findings support detection and treatment 

of obstructive sleep apnea for preventing atrial 
fibrillation.

Nonstandard Abbreviations and Acronyms

IVW	 inverse-variance weighted
MR	 Mendelian randomization

Figure 1.  Mendelian randomization model of obstructive 
sleep apnea and risk of atrial fibrillation.
The design is under the assumption that the genetic variants 
are associated with obstructive sleep apnea, but not with 
confounders, and the genetic variants influence atrial fibrillation 
only through obstructive sleep apnea. SNP indicates single 
nucleotide polymorphism.
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Biobank, and the AFGen (Atrial Fibrillation Genomics) 
Consortium. Atrial fibrillation was mainly diagnosed ac-
cording to ICD-9 or ICD-10. The sample of this GWAS 
was nonoverlapping with the FinnGen Study and the 
majority (98.6%) of individuals were European ances-
try. The associations between each OSA-related SNP 
and atrial fibrillation are presented in Table.

Statistical Analysis
We used several 2-sample MR approaches to estimate 
the effect of OSA on atrial fibrillation using summarized 
data of the SNP-OSA and SNP-atrial fibrillation asso-
ciations. In primary analysis, we used both fixed-effect 
and random-effect inverse-variance weighted (IVW) 
MR methods which assume that all SNPs are valid in-
struments and estimate the effect as the IVW average 
of ratio estimates of individual variants with first-order 
weights.15 In sensitivity analyses, we further performed 
several other MR methods that were more robust to 
the inclusion of pleiotropic and/or invalid instruments. 
The penalized IVW method improves the robustness 
by penalizing the weights of candidate instruments with 
heterogeneous causal estimates in the weighted re-
gression model and the penalized robust IVW method 
further provides robustness both to outliers and to data 
points with high leverage through robust regression.16 
The MR-Egger method uses weighted linear regres-
sion of SNP-atrial fibrillation against SNP-OSA esti-
mates with the inverse-variance of SNP-atrial fibrillation 
estimate as weights. The MR-Egger regression pro-
vides a valid effect estimate even when all the genetic 
variants are invalid instruments under the assumption 
that the association of each genetic variant with the 
exposure is independent of the pleiotropic effect of the 
variant (not via the exposure).17 The intercept of MR-
Egger regression was adapted to test for bias from 
pleiotropy. It is a plausible assumption in this setting as 
no pleiotropic effect of the variant was observed after a 
look-up of all the SNPs and the intercept of MR-Egger 
regression was not significant. The median methods 
estimate the effect using the median of the empirical 
distribution function of individual SNP ratio estimates 
and may provide robust estimates even if up to 50% of 
genetic variants are invalid instruments.18 The weighted 
mode-based estimate method uses the mode of the 
IVW empirical density function as the effect estimate 
and is robust to horizontal pleiotropy.19 The Mendelian 
Randomization Pleiotropy Residual Sum and Outlier 
approach is used to detect and correct for horizon-
tal pleiotropic outliers through outlier removal in MR 
analysis with multi-instruments.20 The Q statistic and I2 
index was applied to test the presence of heterogene-
ity between SNPs in the IVW analysis.18 Evidence of 
pleiotropic effects were assessed using intercepts of 
the MR-Egger regression.17 An I2

GX
 statistic was used to Ta
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quantify the strength of violation of “NO Measurement 
Error” assumption (SNP-exposure associations are 
measured without error) for MR-Egger method and 
I
2

GX
 statistic <0.90 indicated potential violation of “NO 

Measurement Error” assumption.21 To estimate the 
potential influence of outlying and/or pleiotropic SNPs, 
we further performed a leave-one-out analysis with 
fixed-effect IVW MR method in which each SNP was 
omitted in turn.22

The effect estimates of genetically predicted OSA 
on atrial fibrillation were presented as odds ratios (ORs) 
with their 95% CIs per 1-unit-higher log-odds of OSA. 
The association of each SNP with OSA was further 
plotted against its effect on the risk of atrial fibrillation.

A power analysis was performed using a web-based 
application (http://cnsge​nomics.com/shiny/​mRnd/). 
Based on the sample size of 217 955 and an alpha of 
5%, our MR analysis have 80% power to detect an OR 
of 1.10 for atrial fibrillation per log odds of OSA.

An observed 2-sided P<0.05 was considered as 
significant evidence for a causal effect. All analyses 
were conducted with R 4.0.3 (R Development Core 
Team).

RESULTS
The 2-sample MR analyses showed a causal effect of 
genetically predicted OSA on the risk of atrial fibrillation 
using 5 SNPs as the instruments (Figure 2). Both the 
fixed-effect and random-effect IVW models showed 
that genetically predicted OSA was associated with an 
increased risk of atrial fibrillation (OR, 1.21; 95% CI, 1.12–
1.31; P<0.001; OR, 1.21; 95% CI, 1.11–1.32; P<0.001). 
Similar results were observed using the penalized 

IVW, penalized robust IVW, MR-Egger, weighted me-
dian, weighted mode-based estimate, and Mendelian 
Randomization Pleiotropy Residual Sum and Outlier 
methods in sensitivity analyses. Associations of each 
variant with OSA and risk of atrial fibrillation are shown 
in Figure 3.

There was no evidence of heterogeneity in the IVW 
analysis (Q=5.24, P=0.26; I2=23.6%). MR-Egger re-
gression showed no evidence of directional pleiotropic 
effect across the genetic variants (intercept, −0.014; 
95% CI, −0.033 to 0.005; P=0.14). The MR-Egger “NO 
Measurement Error” assumption was not fully satis-
fied (I2

GX
 statistic=72.8%). The leave-one-out sensitivity 

analysis showed that the association between OSA 
and atrial fibrillation was not substantially driven by any 
individual SNP (Figure 4).

DISCUSSION
Results of this 2-sample MR study based on data 
from large-scale GWAS showed a consistent effect of 
genetically predicted obstructive sleep apnea on an 
increased risk of atrial fibrillation. The findings were ro-
bust in sensitivity analyses with different MR models.

OSA and atrial fibrillation are 2 common diseases 
among adults. The prevalence of OSA ranges from 3% 
to 49% in population-based studies and highly preva-
lent among patients with atrial fibrillation ranging from 
21% to 74%.6 There were several assumed mechanisms 
underlying atrial fibrillation attributing to OSA.23,24 OSA 
is characterized by a recurrent interruption in ventila-
tion due to repetitive upper airway collapse, resulting 
in hypoxia, oxidative stress, inflammation, substantially 
negative intrathoracic pressure and hyperactivity of the 

Figure 2.  Risk of atrial fibrillation for genetically predicted obstructive sleep apnea.
IVW indicates inverse-variance weighted; MBE, mode-based estimate; MR, Mendelian randomization; 
and MR-PRESSO, Mendelian Randomization Pleiotropy Residual Sum and Outlier.

http://cnsgenomics.com/shiny/mRnd/
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cardiac autonomic nervous system which may lead 
to future development of atrial fibrillation.23,24 Previous 
studies demonstrated that repetitive OSA may cause 
atrial structural and electrical remodeling characterized 
by atrial enlargement, reduction in voltage and con-
duction abnormalities which formed a substrate for 
atrial fibrillation vulnerability.6,24,25

In recent decades, accumulating observational ev-
idence has demonstrated that OSA was associated 
with development of atrial fibrillation.7,26–29 Severity of 
OSA was found to be an independent predictor of in-
cident atrial fibrillation hospitalization in a large sleep-
clinic cohort in Australia (n=6841).7 The association 
between OSA and atrial fibrillation was observed in a 
retrospective cohort study of 3542 adults with a mean 
follow-up of 4.7  years,27 but not in another prospec-
tive, community-based study of 2912 individuals with 
a mean follow-up of 5.3  years.28 In the REGARDS 
(Reasons for Geographic and Racial Differences in 
Stroke) study, high risk of OSA was associated with 
prevalent atrial fibrillation among Black participants 
but not White participants.29 A recent meta-analysis 
including 9 studies with 19  837 individuals showed 
that OSA was strongly associated with high risk of 
atrial fibrillation.8 Other studies showed an increased 
risk of postoperative atrial fibrillation following cardiac 
surgery in patients with OSA.9,30 However, these pre-
vious studies were most cross-sectional, retrospective 
or prospective cohort studies,8 and cannot overcome 
the influence of unmeasured confounders due to the 
nature of observational study. The present study found 

a causal effect of genetically predicted OSA on risk of 
atrial fibrillation using MR methods, which may con-
trol unmeasured confounders and reverse causation.31 
Previous studies have showed that continuous posi-
tive airway pressure therapy might reduce major ad-
verse cardiovascular events and recurrence of atrial 
fibrillation in patients with OSA.32,33 The present study 
supports more further research on strategies to detect 
and treat OSA and large-scale randomized trials are 
warranted.

The strength of the study is the design of 2-sample 
MR analysis based on OSA-related SNPs and effects 
of SNP-atrial fibrillation from large-scale GWAS. With 
the 2-sample MR design, we were able to investi-
gate the effect of OSA on atrial fibrillation based on 
data with large sample sizes (16 761 OSA cases and 
201  194 controls; 60  620 atrial fibrillation cases and 
970 216 controls). Biases due to reverse causation or 
confounding are greatly reduced in MR design be-
cause the SNPs are randomly assigned at conception 
and are not associated with confounders.15 Compared 
with observational study, MR methods can strengthen 
the evidence for causal inference.

Our study has several limitations. First, it is difficult to 
completely exclude potential horizontal pleiotropy that 
may lead to biased effect estimates.17 This may also 
be caused by the obesity-related SNPs (rs9937053 
and rs4837016). We did not exclude this 2 SNPs in the 
main MR analysis, considering causal effect of obesity 
on OSA.12 However, MR-Egger regression showed no 
evidence of pleiotropic effect and similar results were 

Figure 3.  Associations of obstructive sleep apnea-related 
variants with risk of atrial fibrillation.
The solid red line indicates the estimate of effect using IVW 
method with the dashed red lines as the 95% CI. The solid black 
line indicates the estimate of effect using IVW method omitting 
of the SNP rs185932673. Circles indicate marginal genetic 
associations with obstructive sleep apnea and risk of atrial 
fibrillation for each variant. Error bars indicate 95% CIs.

Figure 4.  MR leave-one-out sensitivity analysis for 
obstructive sleep apnea on atrial fibrillation.
Circles indicate MR estimates for obstructive sleep apnea on atrial 
fibrillation using inverse-variance weighted fixed-effect method if 
each single nucleotide polymorphism was omitted in turn. The 
bars indicate the CI. MR indicates Mendelian randomization.
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observed in sensitivity analyses using several other ro-
bust models and leave-one-out analysis omitting this 2 
SNPs. Second, risk of bias due to measurement error 
may exist for MR-Egger regression. However, the MR-
Egger estimate of causal effect is biased towards the 
null when “NO Measurement Error” assumption is vi-
olated21; whereas, the MR-Egger estimate showed a 
positive result in our study. Finally, generalizability of 
our findings to other ethnics may be limited as the anal-
ysis population focused on subjects of European an-
cestry. However, the uniformity of participants ensures 
minimal risk of confounding by population admixture.

CONCLUSIONS
Our 2-sample MR analysis provides genetic evidences 
of causal effect of obstructive sleep apnea on an in-
creased risk of atrial fibrillation. Further research should 
investigate the strategies to detect and treat obstruc-
tive sleep apnea.
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