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Introduction

Atrial fibrillation (AF) is the most prevalent clinical 
arrhythmia worldwide [1]. The global prevalence 

rate of AF is approximately 59.7 million indi-
viduals, on the basis of an estimate from the most 
recent Global Burden of Disease Study 2019 [2]. 
Furthermore, the lifetime risk of AF development 
is as high as approximately one in three among 
Americans, according to the Framingham Heart 
Study and ARIC Study [3, 4]. AF is widely recog-
nized as a risk factor for conditions including heart 
failure, ischemic stroke, and cognitive decline. 
Furthermore, AF is associated with increased rates 
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Abstract

Observational research has indicated that individuals diagnosed with rheumatoid arthritis (RA) have an elevated likeli-
hood of developing atrial fibrillation (AF). Herein, we performed meta-analysis and Mendelian randomization (MR) 
analysis to explore the correlation and potential causal relationship between RA and AF. We searched PubMed, Em-
base, and Web of Science for cohort studies comparing AF risk among participants with and without RA. Quantitative 
synthesis of the adjusted risk ratio (RR) or hazard ratio was performed with the random-effects model. RA and AF 
were studied with two-sample MR analysis with the random-effects inverse variance weighted method. Patients with 
RA had a higher risk of AF than participants without RA [RR = 1.32, 95% confidence interval (CI): 1.23–1.43, P < 
0.0001]. Genetically predicted RA was not associated with a significantly elevated risk of AF (odds ratio = 1.009, 95% 
CI: 0.986–1.032, P = 0.449). After adjustment for confounding factors in multifactorial MR, RA and AF still showed 
no correlation. Sensitivity analyses yielded similar results, thus indicating the robustness of the causal association. 
Overall, RA was associated with elevated risk of AF in our meta-analysis. However, genetically predicted RA may not 
be causal.
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of disability and mortality [5]. Hence, AF poses 
a tremendous burden on global health. Early con-
trol of risk factors and timely interventions for 
high risk populations with AF are critical to public 
health.

Rheumatoid arthritis (RA) is a chronic, systemic, 
destructive autoimmune disease that involves pri-
marily the joints and can affect multiple organs, 
including the cardiovascular system [6]. Two meta-
analyses [7, 8] and several observational stud-
ies [9–11] have shown that patients with RA are 
at greater risk of AF than the general population. 
However, some studies have reported contradic-
tory results. In a matched study using information 
from an extensive US commercial insurance plan, 
RA was not associated with an elevated risk of AF 
in the fully adjusted model [12]. The inconsistent 
results were likely to have been due to the effects 
of confounding factors such as the use of RA medi-
cations, as well as differences in the study design, 
study population, and sample size. Furthermore, 
since the publication of the most recent meta-analy-
sis, new studies have investigated this topic [9–11]. 
All available studies must be combined to achieve 
more reliable results and address the controversial 
findings. Thus, we sought to perform an updated 
meta-analysis to assess the association between RA 
and AF.

Observational studies may be subject to residual 
confounding, reverse causation, and measurement 
error, and thus cannot demonstrate a causal relation-
ship. Mendelian randomization (MR) analysis can 
eliminate these limitations and has emerged as a 
powerful tool to identify more reliable associations 
than traditional observational studies by leverag-
ing the random assortment of alleles during meio-
sis [13]. Herein, we used MR to infer the causality 
between RA and AF.

Methods

Method for the Systemic Review and  
Meta-Analysis

The systemic review and meta-analysis were per-
formed in accordance with the Preferred Reporting 
Items for Systematic Review and Meta-Analyses 
(PRISMA) statement [14] and the Meta-analysis of 

Observational Studies in Epidemiology (MOOSE) 
statement [15]. The PRISMA 2020 checklist is pre-
sented in Table S1. This study was deemed exempt 
from ethical approval by the medical ethical com-
mittee of our hospital, because no individual patient-
level data were analyzed.

Literature Search Strategy

The online literature search was conducted in 
PubMed, Embase, and Web of Science. The 
detailed search strategies for the three databases 
are described in Table S2. Primary search terms 
included “atrial fibrillation” and “rheumatoid 
arthritis.” Two investigators (SQY and SLX) inde-
pendently identified relevant studies published 
from inception to July 28, 2023. We also screened 
the reference lists of eligible studies to identify 
cross-references.

Inclusion and Exclusion Criteria

The studies incorporated into this meta-analysis 
met the following criteria: (1) prospective or retro-
spective cohort studies comparing AF risk in par-
ticipants with and without RA; (2) studies reporting 
effect size [adjusted risk ratio (RR) or hazard ratio 
(HR)] and 95% confidence interval (CI); and (3) 
original studies published in English.

We excluded case reports, editorials, letters, 
reviews, meta-analyses, and all non-full-length 
publications. Animal experiments and clinical stud-
ies with a cross-sectional or case-control design 
were also excluded.

Data Extraction and Risk of Bias 
Assessment

Two authors (SQY and SLX) independently 
extracted information and evaluated the quality of 
each eligible study. Disagreements were addressed 
and resolved through consensus during a meet-
ing involving a third investigator (ZYJ). Data 
on the first author, location, year of publication, 
study design and duration, numbers of participants 
enrolled, effect size, and adjusted variables were 
collected for each study through a predesigned elec-
tronic form. The assessment of bias risk used the 
Newcastle-Ottawa Scale (NOS), a tool designed to 
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evaluate the quality of nonrandomized studies [16]. 
A NOS score of 7 or higher was considered to indi-
cate high quality.

Methods for MR Analysis

We conducted a two-sample MR analysis to esti-
mate the causal effect size of genetic susceptibility 
to RA on AF, according to the STROBE-MR guide-
lines (Table S3) [17]. Figure 1 provides an overview 
of the MR design. The medical ethical committee 
of our hospital considered this study exempt from 
ethical approval, because it involved a secondary 
analysis of publicly accessible summary-level sta-
tistical data obtained from genome-wide associa-
tion studies (GWAS).

Data Sources

The summary-level GWAS data for RA were 
derived from FinnGen biobank round 9 (https://
r9.finngen.fi/), with 9243 cases and 368,029 con-
trols [18]. The outcome dataset for AF was obtained 
from the largest GWAS meta-analysis of six stud-
ies (The Nord-Trøndelag Health Study, deCODE, 
the Michigan Genomics Initiative, DiscovEHR, 
UK Biobank, and the AFGen Consortium), and 
included 60,620 cases and 970,216 controls [19]. 
Heart failure and type 2 diabetes mellitus were 
included as confounding factors. The heart failure 
dataset was derived from 26 cohort studies within 
the HERMES consortium [20]. The type 2 diabe-
tes dataset was derived from DIAbetes Genetics 
Replication And Meta-analysis (DIAGRAM), 
Genetic Epidemiology Research on Adult Health 
and Aging (GERA), and UKB [21]. Detailed infor-
mation can be found in Table S4. Every participant 

provided written informed consent, according to 
the descriptions in the original studies.

Selection of Instrumental Variables

The selection of SNPs that were used as instrumen-
tal variables (IVs) was based on three main hypoth-
eses in classical MR analysis. In the initial step, 
we chose independent SNPs significantly associ-
ated with RA (P < 5 × 10−8). Subsequently, SNPs in 
strong linkage disequilibrium with each other were 
eliminated (linkage disequilibrium R2  ≥  0.001, and 
a clump window size of 10,000 kb was used). In the 
third stage, SNPs associated with the AF-associated 
phenotype (P < 5 × 10−8) were excluded, and the 
remaining SNPs were subjected to subsequent 
analysis.

We calculated variance (R2) and F statistics to 
evaluate the strength of the screened SNPs and 
avoid weak-tool bias [22]. R2 refers to the cumula-
tive explained variance of the selected SNP during 
exposure. The F statistic was calculated with the 
formula R2(N-K-1)/[K(1-R2)], where K is the num-
ber of SNPs in the final analysis, and N is the sam-
ple size of the GWAS dataset for RA. IVs unrelated 
to the outcome factor, according to the Bonferroni-
corrected significance level (P > 0.05/SNPs), were 
filtered out. We conducted a PhenoScanner (http://
www.phenoscanner.medschl.cam.ac.uk/) search for 
all known phenotypes associated with the IVs used 
in our analysis. SNPs associated with AF risk fac-
tors were excluded.

Multivariable MR

Considering heart failure and type 2 diabetes, which 
are often discussed as contributing risk factors 

Figure 1  Illustrative Diagram of Mendelian Randomization Assumptions.
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for AF, we used the multivariable MR (MVMR)-
inverse variance weighted (IVW) method for MR 
analysis, to assess a potential causal relationship 
between RA and AF, after adjusting for potential 
confounders.

Statistical Analysis and Sensitivity Analysis

The meta-analysis was performed in R version 4.2.1 
for quantitative analysis. The HR used in cohort 
studies was considered the RR in this meta-analysis. 
The outcome was assessed with the random-effects 
model, and was expressed as polled RR with 95% 
CI. Cochran’s Q and the I2 statistic were used to 
investigate heterogeneity. A sensitivity analysis was 
performed with the leave-one-out method to assess 
the influence of each individual study on the overall 
pooled effect [23]. Publication bias was evaluated 
qualitatively according to the asymmetry of the fun-
nel plot and quantitatively with Egger’s test.

MR analysis was performed in R version 4.2.1 
and TwoSampleMR package version 0.5.6. The ran-
dom-effects IVW method was used as the main MR 
method, and other methods (MR Egger, Weighted 
median, Simple mode, and Weighted mode) were 
used as supplementary analyses. The results are 
presented as odds ratios (ORs) with 95% CIs. 
Sensitivity analyses including the heterogeneity 
test, funnel plot, pleiotropy test, and leave-one-out 
sensitivity test were used to evaluate the robustness 
of the results. Heterogeneity was assessed with 
Cochran’s Q test. Pleiotropy was accessed with the 
MR-PRESSO test. The power online analysis plat-
form (https://shiny.cnsgenomics.com/mRnd/) was 
used to calculate power for MR.

A P value <0.05 was considered statistically 
significant.

Results

Literature Search Results

The flow chart of the study selection is shown in 
Figure 2. Six candidate articles investigating a total 
of 71,902 patients with RA and 4,567,067 controls 
were included in the quantitative synthesis [9–12, 
24, 25]. The characteristics and information for 
the included studies are presented in Table 1. All 

articles were of high quality according to the NOS, 
as shown in Table S5.

Meta-Analysis Results

The random-effects model revealed that patients 
with RA had a 31% higher risk of developing AF 
than individuals without RA (RR = 1.32, 95% CI: 
1.23–1.42, P < 0.0001, Figure 3A). The heterogene-
ity among studies was not significant (I2 = 38%, P = 
0.15). A sensitivity analysis indicated that no study 
from the pooled analysis changed the results sig-
nificantly (Figure 3B). The funnel plot of all studies 
was symmetric, thus indicating a low risk of publi-
cation bias (t = −1.350, P = 0.250, Figure 3C).

Causal Effects of Genetic Predisposition to 
RA on AF Risk

We excluded five SNPs (rs2476601, rs2013002, 
rs2395269, rs7453967, rs9268145) associ-
ated with potential confounding factors with the 
PhenoScanner database; detailed information can 
be found in Table S6.

After a series of screenings, we included 24 SNPs in 
the MR analysis; detailed information is available in 
Table 2. All IVs were not significantly associated with 
AF, on the basis of Bonferroni adjusted significance 
(P > 0.00208). These SNPs explained approximately 
27.44% of the variation in patients with RA. The F 
statistic for the 24 SNP loci significantly exceeded 
the empirical threshold of 10, with a value of (50.563, 
1769.424). The IVs’ F statistics and the estimated 
power for all analyses are listed in Table S7–8.

The summary of MR analysis results is presented 
in Table 3 and Figure 4. The IVW method showed 
no statistically significant difference in the genetic 
predisposition to RA and AF (OR = 1.009, 95% CI: 
0.986–1.032, P = 0.449). Further MR analyses with 
the weighted median and MR-Egger regression 
yielded similar results.

Sensitivity Analyses

Sensitivity analyses were performed to comple-
ment the main results of our MR analysis obtained 
with IVW. No significant heterogeneity in SNP 
effects was observed, according to Cochran’s Q test 
(P = 0.584) and the funnel plot (Figure S1, Table 
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S9). The MR-Egger test (intercept = −2.546 × 10−3, 
SE = 3.348 × 10−3, P = 0.455) showed no detectable 
directional pleiotropy. No single SNP was found to 
strongly or inversely influence the overall effect of 
RA on AF in the leave-one-out analysis (Figure S2).

MVMR

In the MVMR analysis adjusting for heart failure and 
type 2 diabetes, no significant association remained 
between RA and AF occurrence (P = 0.465). Detailed 
information is provided in Table S10.

Discussion

In the present study, we performed an updated meta-
analysis of observational studies and found that 
RA was associated with a statistically significantly 

elevated risk of developing AF. However, the cau-
sality between genetically predisposition to RA and 
AF risk was not supported by the MR analysis.

The correlation between RA and AF risk has been 
inconsistent in previous epidemiological studies. 
The discordant results might be due to differences in 
the genetic background, follow-up period, diagnosis 
methods for AF detection, and variables included in 
the multiple adjusted models. However, the general 
trend indicated that patients with RA have elevated 
risk of AF in Asian and Western populations. Our 
meta-analysis results incorporating new observa-
tional study findings and expanding the sample size 
remained consistent with those of the previous two 
meta-analyses [7, 8], thus supporting that RA was a 
risk factor for AF. In addition, RA has been shown 
to be associated with an elevated risk of AF recur-
rence after ablation [26]. The associations observed 

Figure 2  Flow Diagram for Literature Search and Identification.
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in cohort studies might have been biased because of 
confounding factors. Among the studies included 
in this meta-analysis, Tilly et al. [11] indicated that 
patients with RA had a higher risk of AF than patients 
without RA. However, in the subgroup analysis 
of this study [11], only female patients exhibited a 
higher risk of atrial fibrillation, while male patients 
did not show a significant difference, indicating 
that gender plays a crucial role in this association. 
Additionally, one study [12], after adjustment for 
various risk factors such as diabetes, cardiovascu-
lar diseases, medications, and healthcare utilization, 
found that the risk of AF was not elevated in patients 
with RA. In contrast, two other studies [10, 25], even 
after adjusting for these risk factors, still observed 
an elevated risk. According to the United States 
National Inpatient Sample database, the prevalence 
of cardiac complications including AF, heart failure, 
and acute myocardial infarction in patients with RA 
has statistically significantly increased during the 
past decade [27]. Heart failure and acute myocardial 
infarction are well-recognized risk factors for AF. 
The association between RA and AF might be medi-
ated by these cardiovascular risk factors.

Our MR analysis did not indicate a causal rela-
tionship between genetically predicted RA and 

AF risk. Despite the use of only 24 SNPs as IVs, 
we observed no evidence of directional pleiotropy 
among the genetic variants examined, thus indicat-
ing that the exclusion restriction hypothesis was 
not violated. Heterogeneity analysis indicated no 
significant differences among the studied SNPs. 
Additionally, leave-one-out analysis suggested 
that the overall effect was not driven by individ-
ual SNPs, thereby demonstrating the stability of 
our results. Furthermore, after correction for heart 
failure and type 2 diabetes, the results remained 
consistent, thus further supporting our MR anal-
ysis. Similarly, MR analysis may yield different 
results because of variations in data sources and 
statistical methods. Wang et al. [28] have reported 
outcomes concordant with our study findings. 
However, a recent study by Rong et al. [29], using 
MR analysis in an East Asian population, has indi-
cated a causal relationship between RA and AF 
(OR = 1.060; 95% CI, 1.028–1.092; P = 1.411 × 
10−4), thus suggesting a potential AF risk in Asian 
patients with RA. Nevertheless, given the com-
plex pathophysiology of AF, the selected IVs can 
only partially explain genetic variations. Further 
research is needed to confirm the causal role of 
RA in AF.

Figure 3  Meta-Analysis of RA and Risk of AF. A: Forest plot for the association of RA and AF. B: Sensitivity analysis of 
leave-one-out analysis. C: Funnel plot of publication bias.
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The differences in conclusions between observa-
tional studies and MR analysis lead us to consider 
several potential reasons. First, both meta-analysis 
and MR analysis are based on secondary analyses, 
and the inherent limitations of each method cannot 
be entirely eliminated and may affect the robust-
ness of the results. Second, the association of RA 
and AF might be caused by the drugs for RA treat-
ment. Evidence from a UK population-based cohort 
analysis has indicated elevated cardiovascular risk 

in patients with immune-mediated inflammatory 
diseases including RA who were taking glucocorti-
coids, even at low doses (<5 mg) [30]. Third, inflam-
mation is generally believed to play a crucial role 
in the pathology of RA-induced arrhythmias [31, 
32]. However, several recent MR studies investi-
gating the association of inflammation and AF have 
obtained similar conclusions to our MR results [33–
35]. The genetically determined C-reactive pro-
tein [35] and monocyte chemoattractant protein-1 

Table 3  Mendelian Randomization Analysis of RA and AF.

MR method   Numbers of SNPs   β   Se   OR   95%CI   P value

Inverse variance weighted   24   0.009   0.012   1.009   0.986–1.032   0.449
MR Egger   24   0.022   0.021   1.023   0.981–1.066   0.305
Weighted median   24   0.022   0.017   1.022   0.989–1.056   0.187
Simple mode   24   0.028   0.029   1.028   0.971–1.088   0.349
Weighted mode   24   0.021   0.018   1.021   0.985–1.059   0.266

Table 2  Characteristics of the SNPs used for the Mendelian Randomization Analysis.

SNP   Effect 
allele

  Other 
allele

 
 

Exposure  
 

Outcome

β   se   P value β   se   P value

rs10174238   A   G   −0.115333   0.017377   3.20E-11   −0.0023   0.0081   0.7809
rs10517086   A   G   0.10964   0.016401   2.31E-11   −0.0077   0.0073   0.2941
rs10995019   T   C   0.0934553   0.01522   8.24E-10   −7.00E-04   0.0072   0.9196
rs117753409   A   C   0.146151   0.025737   1.36E-08   −0.0127   0.0227   0.5752
rs13180950   C   T   0.113664   0.020334   2.27E-08   0.0035   0.0092   0.7042
rs144835716   T   A   0.634386   0.032834   3.56E-83   0.0435   0.0308   0.1575
rs16903065   A   C   −0.144104   0.024294   3.00E-09   −0.0042   0.0099   0.6692
rs2144016   G   A   −0.340349   0.018071   3.93E-79   −0.0078   0.0082   0.3411
rs28579922   A   G   −0.67936   0.026102   2.41E-149   0.0056   0.0194   0.7732
rs3087243   A   G   −0.131586   0.016174   4.10E-16   −0.0117   0.0067   0.08044
rs3114891   G   A   0.0870388   0.01517   9.60E-09   −1.00E-04   0.0068   0.9919
rs3118470   C   T   0.0886434   0.01507   4.05E-09   0.0121   0.007   0.08499
rs3118470   C   T   0.0886434   0.01507   4.05E-09   0.322   0.2186   0.1409
rs34536443   C   G   −0.401166   0.049355   4.36E-16   −0.0143   0.0182   0.4314
rs3757387   C   T   0.104714   0.015114   4.26E-12   0.0044   0.0067   0.5109
rs6032664   T   A   0.0942537   0.017071   3.37E-08   −0.0137   0.0077   0.07465
rs60600003   G   T   0.132171   0.024085   4.07E-08   −0.0034   0.0112   0.7631
rs6456160   C   T   −0.113708   0.015058   4.30E-14   −0.0045   0.0093   0.6289
rs66654254   A   G   −0.0878528   0.015326   9.91E-09   −0.0032   0.0071   0.6513
rs72849211   G   C   0.204365   0.021217   5.84E-22   −0.0072   0.0128   0.5709
rs73510898   A   G   −0.155807   0.028027   2.71E-08   −0.0049   0.0127   0.6972
rs7731626   A   G   −0.100943   0.016987   2.81E-09   0.011   0.0073   0.1310
rs78248443   T   C   −0.163422   0.029719   3.82E-08   0.006   0.0175   0.7303
rs78782944   T   C   0.15952   0.0247   1.06E-10   −0.0171   0.0134   0.2022
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[34] were not significantly associated with AF. 
Meanwhile, findings from another MR study do 
not support a causal role of inflammatory bowel 
disease, comprising ulcerative colitis and Crohn’s 
disease, with AF [33].

The results from the studies included in this 
research are contradictory, thus making defini-
tive conclusions on the topic challenging to draw. 
We believe that RA may be associated with some 
AF risk. Dai et  al. [36] have identified prolonged 
atrial conduction time, an unchanged atrial effective 
refractory period, atrial structural remodeling, and 
autonomic nerve remodeling in a collagen-induced 
RA rat model, thus providing additional insights 
suggesting that RA might not directly lead to the 
occurrence of AF but could potentially increase sus-
ceptibility to AF.

The major strength of our study was that it provided 
a comprehensive and more reliable interpretation of 
the role of RA in AF, through integrating evidence 
from current observational and genetics-driven 
studies. However, this study had several limita-
tions. First, although we combined the adjusted RR 
value in the meta-analysis, different confounding 
factors might potentially have led to confounding 
effects. Second, the genetic variants used in the MR 

analysis explained only part of the variance in RA 
across individuals. Some unknown RA-associated 
SNPs might also have important roles in the devel-
opment of AF. Third, we could not completely rule 
out the possibility that RA-associated SNPs might 
affect AF via other pathways, although no horizon-
tal pleiotropic effect was shown in MR-Egger test, 
thereby suggesting no violation of the second MR 
assumption. Fourth, the sources of data for both 
meta-analysis and MR analysis might have intro-
duced potential biases into the results.

Conclusion

Observational studies together indicated a positive 
association between RA and the occurrence of AF. 
However, the MR analysis did not provide evidence 
of a causal link between RA and AF. Additional 
research is needed to clarify the influence of RA on 
the development of AF.

Data Availability Statement

All data used in the current study were obtained 
from public online databases.

Figure 4  Scatter Plot of SNPs Associated with RA and the Risk of AF.
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