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Background: Observational studies have suggested a link between rheumatic diseases and arrhythmias. However, these studies have been limited by confounding factors and reverse causality, leaving the causal relationship between rheumatic diseases and arrhythmias uncertain. This study addresses this inquiry using genetic evidence.



Methods: Selected single nucleotide polymorphisms (SNPs) from genome-wide association study (GWAS) data were employed as instrumental variables. Inverse variance weighting (IVW), MR-Egger regression, and the weighted median method were utilized in the two-sample Mendelian randomization analysis. Horizontal pleiotropy was identified and rectified through the MR-PRESSO test and MR-Egger regression. The stability and reliability of the Mendelian randomization results were appraised using the remain-one method, Cochran Q-test, and funnel plot. Odds ratios (OR) were utilized to assess the causal relationship between six rheumatic diseases and five types of arrhythmias.



Results: The Inverse Variance Weighted (IVW) method indicated a significant association between rheumatoid arthritis (RA) and an elevated risk of right bundle branch block (RBBB) (OR: 1.10, 95% CI: 1.02–1.18, p = 0.009). Additionally, gout was significantly correlated with an augmented risk of RBBB (OR: 1.28, 95% CI: 1.09–1.51, p = 0.003). Conversely, dermatomyositis (DM) exhibited a negative association with the risk of atrioventricular block (AVB) (OR: 0.94, 95% CI: 0.90–0.99, p = 0.020). No significant associations were observed between other rheumatic diseases and arrhythmias.



Conclusion: A two-sample Mendelian Randomization (MR) study provides data indicating that in European populations, a genetically predicted gout or rheumatoid arthritis (RA) may increase the incidence of right bundle branch block (RBBB). To clarify and investigate the processes behind these causal links, more research is necessary. Because racial genetic variability exists, care should be used when interpreting our findings.
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1 Introduction

Arrhythmias can be classified as tachyarrhythmias or chronic arrhythmias based on heart rate. Bradycardia and atrioventricular block are the primary characteristics of chronic arrhythmias, whereas tachycardias are primarily characterized by tachycardia, supraventricular tachycardia, ventricular fibrillation, atrial fibrillation, etc. (1). Some arrhythmias are asymptomatic and transitory, while others are persistent and carry a significant burden on the healthcare system due to the potential for hemodynamic instability, thromboembolic events, and even sudden cardiac death (2, 3). Despite this, evidence for effective prevention and treatment of arrhythmias has been limited until now (4). In conclusion, it is imperative to investigate unidentified risk factors for arrhythmias, facilitating early detection and prompt treatment to mitigate the harm associated with these irregular heartbeats.

Over 100 disorders fall under the category of rheumatic diseases, which are a group of autoimmune and/or inflammatory conditions that can harm organs, joints, muscles, and bones. In the US, rheumatism ranks higher than heart disease, diabetes, and cancer as the leading cause of disability among people (5, 6). Rheumatic diseases are conditions that lead to tissue damage within the body due to immune dysfunction, frequently affecting multiple organs and systems (7). Among these, the heart stands out as a frequent target organ for autoimmune diseases. The comprehensive structure of the heart may become implicated, giving rise to disturbances in microcirculation, myocardial fibrosis, and compromised valve function (8–10). However, it is noteworthy that arrhythmias, despite being a prevalent cardiac condition, have been relatively overlooked within the realm of rheumatology.

Several earlier studies have demonstrated that risk factors for arrhythmia, such as smoking, diabetes, hypertension, and dyslipidemia, increase the likelihood of developing arrhythmia (11). Addressing these risk factors can help doctors implement novel therapies, reduce the financial burden on patients, and decrease the incidence of arrhythmias (12). Some research suggests a connection between arrhythmias and rheumatic disorders, although the exact mechanism—possibly involving inflammation and autoimmunity—remains unclear (13–15). Li et al. introduced the concept of the “gut-immune-heart” axis, linking gut flora to atrial fibrillation (16). Several omics studies have demonstrated both direct and indirect causal links between gut microbiota and atrial fibrillation. Over time, numerous studies have explored the causal relationship between rheumatic disorders and cardiovascular diseases (17). A meta-analysis revealed that patients with rheumatoid arthritis (RA) may be more susceptible to atrial fibrillation (18). Previous case-control studies have shown that gout sufferers have a higher incidence of arrhythmia (19). Similarly, hyperuricemia in AF patients has been independently associated with an increased risk of hospitalization for heart failure and all-cause mortality (20). In summary, there is a potential correlation between rheumatic diseases and arrhythmias, and this paper aims to determine whether a causal relationship exists between the two through rigorous scientific methods.

Mendelian randomization (MR) is a proven method in epidemiology for drawing causal inferences (21). It uses genetic variants from genome-wide association studies (GWAS) as instrumental variables (IVs) to evaluate how specific exposures affect a phenotype (22). Mendelian rules of inheritance govern genetic variation in MR, which is analogous to randomization in randomized controlled trials (RCTs) (23). Genetic variants associated with exposure factors serve as IVs, facilitating the inference of causal effects on study outcomes. Since genetic variation is intrinsic and unaffected by typical confounders, MR approaches are useful for concluding causality in observational investigations. These techniques are frequently employed to confirm causal links, and discoveries in genomics improve MR analysis by identifying more GWAS disease-associated genetic variants (24).

Only ankylosing spondylitis (AS), rheumatoid arthritis (RA), systemic lupus erythematosus (SLE), Sjogren's syndrome (SS), dermatomyositis (DM), and gout are currently included in the most comprehensive GWAS database in rheumatology; as a result, the inclusion of these six diseases in this study represents common rheumatic diseases. We looked into how they could affect the following five main arrhythmias: atrial fibrillation (AF), atrioventricular block (AVB), right bundle branch block (RBBB), left bundle branch block (LBBB), and paroxysmal tachycardia (PT). Using aggregated level data from many major associations, we evaluated the causal link between arrhythmia and rheumatism for the first time in this two-sample MR (TSMR) survey.



2 Material and methods


2.1 Study design

A two-sample MR analysis was conducted in accordance with the criteria established by the Strengthening Observational Studies in Epidemiology Using Mendelian Randomization Report (STROBEMR) to examine the association between the risk of five cardiac arrhythmias and six common rheumatic diseases (25). Since the previously collected summary-level data were reanalyzed, no further ethical approval was needed. R (version 4.3.1) and TwoSampleMR (version 0.5.8) were used for the MR analysis. For two-sample MR to be realized, three prerequisites had to be met. First, as instrumental variables (IVs), we chose genetic variations that are highly correlated with exposure (Rheumatic diseases). Second, there is no correlation between instrumental variables and either known or unknown confounders. Thirdly, there was no alternative way that the instrumental factors altered the outcome (arrhythmias) except through exposure. An overview of the research design is given in Figure 1.
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FIGURE 1
An overview of the study design. SNPs, single nucleotide polymorphisms; IVs, instrumental variables.




2.2 Data source

For AS, RA, SLE, and AF, data were taken from the publicly accessible IEU Open GWAS database (https://gwas.mrcieu.ac.uk/). AVB, LBBB, RBBB, PT, DM, SS, and Gout data were sourced from the FinnGen9 database (http://www.finngen.fi). The sample sizes for each rheumatic illness were as follows: RA (14,361 cases and 43,923 controls), SLE (5,201 cases and 9,066 controls), DM (143 cases and 365,533 controls), gout (8,489 cases and 3,240,862), SS (2,495 cases and 365,533 controls), and AS (9,069 cases and 1,550 controls). The following were the sample sizes for arrhythmia: PT (9,604 cases and 191,924 controls), LBBB (1,918 cases and 286,109 controls), AVB (5,536 cases and 286,109 controls), and AF (60,620 cases and 970,216 controls). Further details on data sources are included in Supplementary Table S3. The analysis only included people of European ancestry, and for arrhythmia and rheumatic disease, there was less than 20% overlap between the cohorts.



2.3 Selection of IVs

We initially evaluated instrumental variables for six rheumatic diseases and five arrhythmias in order to investigate the causal link between them. Based on the following standards, single nucleotide polymorphisms (SNPs) were chosen as instrumental variables:(i) The genome-wide p-value of the SNP was <5 × 10−8 and thus the SNP was strongly associated with exposure, and because there were no genome-wide significant SNPs in DM, we used a less stringent threshold of 5 × 10−6 to obtain more SNPs for these phenotypes (26); (ii) SNPs with linkage disequilibrium (LD) r2 should be <0.001 and associated with index variants <10,000 KB. A low chance of weak IV bias is indicated by an F-value of less than 10. The following is the formula: F = (βexposure/SE exposure)2 denotes that the exposure's effect value and standard error were represented by βexposure and SEexposure, respectively (23, 27). (iii) We also examined selected SNPs in Phenoscanner, a frequently used database of human genotype-phenotype correlations (www.phenoscanner.medschl.cam.ac.uk), to see if these SNPs were associated with pertinent confounders (28). (iv) Palindromic SNPs with intermediate allele frequencies were not included in the MR analysis. (v) In order to determine if the R2 of exposure exceeded the R2 of outcome, we lastly ran a Steger's test for each SNP. SNPs that tested “FALSE” were not included (29). See Supplementary Table S1 for details.



2.4 Statistical analysis

MR-Egger, weighted median (WM), and inverse variance weighting (IVW) are the three main mixed-methods (MR) approaches for identifying causal effects. IVW was the principal MR method employed in this investigation to evaluate the causative connection between arrhythmias and rheumatic diseases (30). The IVW technique, a meta-analysis that combines the Wald ratios for each SNP, is the basis for the concept that IV can only affect the outcome through specific exposures. When there is no horizontal pleiotropy in any SNP, the IVW technique offers a fair assessment of causation. In addition to MR analysis, the WM methodology and the MR-Egger method are utilized to evaluate bias resulting from faulty IVs and horizontally pleiotropic IVs. Using the MR-Egger technique might result in inaccurate estimations due to potential genetic variation. When over half of the IVs are horizontally pleiotropic, the WM technique has a minor bias but inferior precision. In addition to the MR analysis, we employed the WM approach to evaluate bias resulting from invalid IVs and horizontally pleiotropic IVs (31). We estimated causal estimates as odds ratios (ORs) per unit of standard deviation (SD) for continuous characteristics and ORs per unit of log odds ratio outcomes for categorical traits. The MR analysis data must undergo many sensitivity tests in order to assess potential heterogeneity and horizontal pleiotropy. We utilized the Cochran' Q-test to assess the instrumental factors' heterogeneity. The fixed-effects IVW approach was regarded as the primary tactic if the p-value was >0.05, indicating no heterogeneity; if not, a random-effects model was created (32). The identification of horizontal multinomial effects was done using the p-values for the intercept in MR-Egger. When the p-value was greater than 0.05, horizontal pleiotropy was not seen. To investigate the impact of removing one of the chosen individual SNPs on the outcome, we used leave-one-out analyses (33).




3 Results


3.1 Instrumental variables

In order to predict the genetic makeup of rheumatic diseases, a total of 179 SNPs were analyzed. These included 26 SNPs for AS, 90 SNPs for RA, 40 SNPs for SLE, 7 SNPs for SS, 3 SNPs for DM, and 13 SNPs for gout. Supplementary Table S1 provides comprehensive details regarding these SNPs linked to rheumatic diseases. All of the SNPs in this analysis had F-statistics more than 10, indicating a low probability of weak IV bias. Furthermore, the p-value threshold of 5 × 10−6 indicated a poor relationship between the SNPs and the outcomes, except for the DM SNP, for which the threshold was greater than 5 × 10−8.



3.2 Causal effect from rheumatic diseases on arrhythmias

Figure 2 lists the two-sample MR data for five cardiac arrhythmias and six rheumatic diseases. The risk of DM was found to have a negative correlation with AVB based on causal estimations derived from the IVW technique (OR: 0.94, 95% CI: 0.90–0.99, p = 0.020), genetically predicted RA was associated with RBBB (OR: 1.10, 95% CI: 1.02–1.18, p = 0.009), and Gout was associated with RBBB (OR: 1.28, 95% CI: 1.09–1.51, p = 0.003). Standard IVW analyses for SS, SLE, RA, AS, DM, and Gout did not show any significant effects on AF susceptibility (SS: OR = 1.01; 95% CI, 0.98–1.04; p = 0.565; SLE: OR = 1.01; 95% CI, 1.00–1.03; p = 0.060; RA: OR = 1.00; 95% CI, 0.99–1.02; p = 0.671; AS: OR = 0.99; 95% CI, 0.89–1.10; p = 0.837; DM: OR = 1.00; 95% CI, 0.99–1.02; p = 0.638; gout: OR = 1.00; 95% CI, 0.97–1.02; p = 0.676). Other rheumatic diseases were not significantly associated with arrhythmia.
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FIGURE 2
A forest plot in two-sample MR illustrating the causal estimates between arrhythmias and rheumatic illnesses. The horizontal solid line in the forest plot shows the 95% confidence interval (CI) for the associated OR value, whereas the dashed vertical line indicates the ineffective line (OR = 1). SLE, systemic lupus erythematosus; DM, dermatomyositis; SS, Sicca syndrome; RA, rheumatoid arthritis; AS, ankylosing spondylitis; CI, confidence interval.




3.3 Sensitivity analyses of MR

Supplementary Table S2 shows Cochran's Q statistic, the results of the MR-Egger intercept test, and the MR-PRESSO. All Cochran's Q-derived p-values were more than 0.05, except AS to PT, RA to AF, RA to AVB, SLE to AF, and SLE to AVB. All p-values for the MR-Egger intercept test were greater than 0.05, which suggests that horizontal pleiotropy is not present. All p-values in the MR-PRESSO test were greater than 0.05, except DM, as the sample size of SNPs was insufficient to conduct the test. By removing each SNP individually during a leave-one-out test, we were able to demonstrate the stability of the MR estimations (Supplementary Figure S1).




4 Discussion

Research shows that rheumatoid arthritis and gout are associated with a higher risk of right bundle branch block. Moreover, our results suggest a possible causative connection between AV block and dermatomyositis. No genetic causal relationship between any other rheumatic disease and other cardiac arrhythmias was found in this two-sample MR study.

Multiple organs and systems are impacted by the vast range of rheumatic illnesses. Indeed, a common extra-articular symptom of many rheumatic illnesses, including gout and rheumatoid arthritis (RA), is cardiac involvement (34). For instance, Villecco et al. reported a right bundle branch block in 35% of 60 patients diagnosed with rheumatoid arthritis (RA). These patients exhibited significantly higher frequencies of antibodies to cardiac conduction tissue compared to those without conduction abnormalities (76% vs. 21%) (35). Additionally, a cross-sectional study demonstrated a heightened prevalence of conduction abnormalities among patients with rheumatic diseases compared to the general population. The likelihood of conduction abnormalities rises with advancing age (36). Our Mendelian Randomization (MR) study identified genetic causality between rheumatoid arthritis (RA) and right bundle branch block (RBBB) and between gout and RBBB. The co-occurrence of RBBB in patients with RA or gout may be associated with various factors, including autoimmune and inflammatory elements. The specific pathogenesis of RBBB in patients with RA and gout remains unknown due to the limited number of relevant studies. However, potential mechanisms include: (i) interaction resulting in RBBB between immune cells, fibroblasts, and/or cardiomyocytes, (ii) direct involvement of immune cells in the electrical remodeling of leukocytes resulting in RBBB (13, 37, 38), and (iii) In recent animal research, Dai et al. found that in RA rats, RA can cause atrial fibrillation (AF) by upregulating the production of inflammatory markers such TNF-α and IL-6 and increasing the number of cardiac fibroblasts. These inflammatory variables may be the cause of RBBB by supporting pathological mechanisms including autophagy and autonomic remodeling (39).

Prior investigations have highlighted the correlation between dermatomyositis and arrhythmia. Specifically, a retrospective study in the United States revealed a notable association between arrhythmias and substantial mortality in young and middle-aged patients with dermatomyositis compared to matched controls (40). However, the current literature lacks data regarding the prevalence of right bundle branch block (RBBB) in dermatomyositis (DM). This gap underscores the need for heightened attention to RBBB in the DM group. In our Mendelian Randomization (MR) study, we identified a genetic causal link between dermatomyositis (DM) and atrioventricular block (AVB). Nevertheless, despite leveraging Genome-Wide Association Study (GWAS) data from the latest Finnish database for dermatomyositis, the number of Single Nucleotide Polymorphisms (SNPs) obtained after addressing linkage imbalance remains limited to 3. This constraint raises concerns about the robustness of the causal inference we derived.

Our investigation identified no significant correlation between AF and SLE, AS, gout, DM, RA, or SS, in agreement with findings from several other studies. A Mendelian randomization study utilizing different data sources similarly demonstrated that genetically predicted SLE is not causally associated with AF risk (41). Additionally, previous studies have not established a significant correlation between AS and AF (42–44). A separate study on gout found that the association with AF was significant only in the Chinese population, whereas no such association was observed in the Japanese population (45). In contrast to our results, a retrospective cohort study reported a higher incidence of AF in individuals with dermatomyositis compared to matched controls (46). Moreover, another Mendelian randomization study based on East Asian populations identified a causal link between RA and AF in East Asians (47). As our study focused on European populations, these discrepancies may be attributed to ethnic differences. Notably, no research has yet been published exploring the relationship between AF and Sjogren's syndrome. Further studies are required to investigate the potential association between rheumatic immune disorders and AF.

Numerous noteworthy benefits of this study exist. Initially, this is the first investigation of the cause-and-effect link between six prevalent rheumatic illnesses and arrhythmias. Furthermore, the reliability of traditional observational studies for drawing causal conclusions is reduced due to issues with reverse causality and confounding variables. The study's Mendelian Randomization (MR) Design successfully resolves the majority of confounding variables while allaying worries about reverse causation. In addition, MR Research has benefits over traditional research methods in terms of convenience, cost-effectiveness, and labor intensity reduction.

It is important to acknowledge the limitations of this study. First, despite using MR-PRESSO testing to identify and eliminate aberrant single nucleotide polymorphisms (SNPs), there remains a possibility that heterogeneity could affect the research outcomes. Second, our findings may not be broadly applicable to other populations, as the GWAS dataset includes only individuals of European descent. Consequently, additional validation with larger and more diverse databases is necessary. Third, although we identified a causal relationship between rheumatoid arthritis (RA) and right bundle branch block (RBBB), gout and RBBB, and dermatomyositis (DM) and atrioventricular block (AVB), the lack of corresponding basic research limits our ability to determine whether common risk factors, molecular signaling pathways, or immune responses exist among RA, gout, DM, and arrhythmias. As a result, we cannot fully explain the mechanisms underlying these associations. Fourth, the instrumental variables currently used do not fully account for the influence of external regulatory factors, as the incidence and severity of DM, gout, and RA are influenced by a variety of independent host metabolic factors and susceptibilities. Future studies may require multiple side-by-side Mendelian randomization analyses to provide a more comprehensive and accurate understanding. Finally, the available GWAS data did not differentiate between disease severity (mild, moderate, or chronic) or distinguish between newly diagnosed and long-standing conditions. These various aspects of the rheumatic diseases under study may significantly influence the host's vulnerability to arrhythmias, and further exploration of these issues will be possible as more comprehensive data become available.



5 Conclusion

This is the first MR Study to examine the connection between five arrhythmias and six major rheumatic disorders (DM, gout, AS, RA, SLE, SS, and SS). We discovered a causative association between DM and AVB as well as a causal relationship between RA or Gout and RBBB (i.e., RA or Gout are risk factors for RBBB). Our findings shed light on the part that autoimmune diseases play in the etiology of arrhythmias.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.



Ethics statement

This study uses publicly available GWAS data and does not require ethics committee approval. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

YZ: Conceptualization, Data curation, Formal Analysis, Visualization, Writing – original draft. LT: Resources, Writing – original draft, Project administration. KZ: Investigation, Writing – original draft. XM: Data curation, Writing – original draft. TL: Methodology, Writing – original draft. YC: Project administration, Writing – review & editing. XH: Funding acquisition, Project administration, Resources, Supervision, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by the Science and Technology Projects in Guangzhou (2024A04J5161), GuangDong Basic and Applied Basic Research Foundation (2022A1515110976), and President Foundation of Nanfang Hospital, Southern Medical University (2023A012).



Acknowledgments

We would like to thank the IEU Open GWAS database for providing the data. We also want to acknowledge the participants and investigators of the FinnGen study.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.1419466/full#supplementary-material



References

1. Evolution in the treatment of arrhythmias. 22–23 September 1983, Brighton, U.K. Eur Heart J. (1984) 5(Suppl B):1–137.

2. Piccini JP, Russo AM, Sharma PS, Kron J, Tzou W, Sauer W, et al. Advances in cardiac electrophysiology. Circ Arrhythm Electrophysiol. (2022) 15:e009911. doi: 10.1161/CIRCEP.121.009911

3. Joglar JA, Chung MK, Armbruster AL, Benjamin EJ, Chyou JY, Cronin EM, et al. 2023 ACC/AHA/ACCP/HRS guideline for the diagnosis and management of atrial fibrillation: a report of the American College of Cardiology/American Heart Association joint committee on clinical practice guidelines. Circulation. (2024) 149:e1–156. doi: 10.1161/CIR.0000000000001193

4. Specterman MJ, Behr ER. Cardiogenetics: the role of genetic testing for inherited arrhythmia syndromes and sudden death. Heart. (2023) 109:434–41. doi: 10.1136/heartjnl-2021-320015

5. Rosen MJ, Dhawan A, Saeed SA. Inflammatory bowel disease in children and adolescents. JAMA Pediatr. (2015) 169:1053–60. doi: 10.1001/jamapediatrics.2015.1982

6. Hodson R. Inflammatory bowel disease. Nature. (2016) 540:S97. doi: 10.1038/540S97a

7. Damoiseaux J, Andrade LE, Fritzler MJ, Shoenfeld Y. Autoantibodies 2015: from diagnostic biomarkers toward prediction, prognosis and prevention. Autoimmun Rev. (2015) 14:555–63. doi: 10.1016/j.autrev.2015.01.017

8. Mavrogeni S, Dimitroulas T, Sfikakis PP, Kitas GD. Heart involvement in rheumatoid arthritis: multimodality imaging and the emerging role of cardiac magnetic resonance. Semin Arthritis Rheum. (2013) 43:314–24. doi: 10.1016/j.semarthrit.2013.05.001

9. Castaneda S, Gonzalez-Juanatey C, Gonzalez-Gay MA. Inflammatory arthritis and heart disease. Curr Pharm Des. (2018) 24:262–80. doi: 10.2174/1381612824666180123102632

10. Jain D, Halushka MK. Cardiac pathology of systemic lupus erythematosus. J Clin Pathol. (2009) 62:584–92. doi: 10.1136/jcp.2009.064311

11. Mariani MV, Pierucci N, Trivigno S, Cipollone P, Piro A, Chimenti C, et al. Probability score to predict spontaneous conversion to sinus rhythm in patients with symptomatic atrial fibrillation when less could be more? J Clin Med. (2024) 13:1470. doi: 10.3390/jcm13051470

12. Mariani MV, Pierucci N, Piro A, Trivigno S, Chimenti C, Galardo G, et al. Incidence and determinants of spontaneous cardioversion of early onset symptomatic atrial fibrillation. Medicina (Kaunas). (2022) 58:1513. doi: 10.3390/medicina58111513

13. Lazzerini PE, Capecchi PL, Laghi-Pasini F. Systemic inflammation and arrhythmic risk: lessons from rheumatoid arthritis. Eur Heart J. (2017) 38:1717–27. doi: 10.1093/eurheartj/ehw208

14. Finkelstein Y, Adler Y, Harel L, Nussinovitch M, Youinou P. Anti-Ro (SSA) and anti-la (SSB) antibodies and complete congenital heart block. Ann Med Interne (Paris). (1997) 148:205–8.9255327

15. Danieli MG, Gelardi C, Guerra F, Cardinaletti P, Pedini V, Gabrielli A. Cardiac involvement in polymyositis and dermatomyositis. Autoimmun Rev. (2016) 15:462–5. doi: 10.1016/j.autrev.2016.01.015

16. Li N, Wang L, Li L, Yang M-Z, Wang Q-X, Bai X-W, et al. The correlation between gut microbiome and atrial fibrillation: pathophysiology and therapeutic perspectives. Mil Med Res. (2023) 10:51. doi: 10.1186/s40779-023-00489-1

17. Mao M, Zhai C, Qian G. Gut microbiome relationship with arrhythmias and conduction blocks: a two-sample Mendelian randomization study. J Electrocardiol. (2023) 80:155–61. doi: 10.1016/j.jelectrocard.2023.06.006

18. Jaiswal V, Roy P, Ang SP, Shama N, Deb N, Taha AM, et al. Association between rheumatoid arthritis and atrial fibrillation: a systematic review and meta-analysis. J Arrhythm. (2024) 40:203–13. doi: 10.1002/joa3.12995

19. Ferguson LD, Molenberghs G, Verbeke G, Rahimi K, Rao S, McInnes IB, et al. Gout and incidence of 12 cardiovascular diseases: a case-control study including 152,663 individuals with gout and 709,981 matched controls. Lancet Rheumatol. (2024) 6:e156–67. doi: 10.1016/S2665-9913(23)00338-7

20. Quesada A, Quesada-Ocete J, Quesada-Ocete B, González-Ritonnale A, Marcaida-Benito G, Moral-Ronda VD, et al. Long-term hyperuricemia impact on atrial fibrillation outcomes. Curr Probl Cardiol. (2024) 49:102608. doi: 10.1016/j.cpcardiol.2024.102608

21. Kamat MA, Blackshaw JA, Young R, Surendran P, Burgess S, Danesh J, et al. Phenoscanner V2: an expanded tool for searching human genotype-phenotype associations. Bioinformatics. (2019) 35:4851–3. doi: 10.1093/bioinformatics/btz469

22. Rosoff DB, Davey Smith G, Mehta N, Clarke T-K, Lohoff FW. Evaluating the relationship between alcohol consumption, tobacco use, and cardiovascular disease: a multivariable Mendelian randomization study. PLoS Med. (2020) 17:e1003410. doi: 10.1371/journal.pmed.1003410

23. Wu Q, Liu S, Huang X, Liu J, Wang Y, Xiang Y, et al. Bidirectional Mendelian randomization study of psychiatric disorders and Parkinson’s disease. Front Aging Neurosci. (2023) 15:1120615. doi: 10.3389/fnagi.2023.1120615

24. Park KW, Hwang YS, Lee SH, Jo S, Chung SJ. The effect of blood lipids, type 2 diabetes, and body mass Index on Parkinson’s disease: a Korean Mendelian randomization study. J Mov Disord. (2023) 16:79–85. doi: 10.14802/jmd.22175

25. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swanson SA, et al. Strengthening the reporting of observational studies in epidemiology using Mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614–21. doi: 10.1001/jama.2021.18236

26. Chen J, Ruan X, Yuan S, Deng M, Zhang H, Sun J, et al. Antioxidants, minerals and vitamins in relation to Crohn’s disease and ulcerative colitis: a Mendelian randomization study. Aliment Pharmacol Ther. (2023) 57:399–408. doi: 10.1111/apt.17392

27. Bowden J, Del Greco MF, Minelli C, Davey Smith G, Sheehan NA, Thompson JR. Assessing the suitability of summary data for two-sample Mendelian randomization analyses using MR-egger regression: the role of the I2 statistic. Int J Epidemiol. (2016) 45:1961–74. doi: 10.1093/ije/dyw220

28. Burgess S, Thompson SG. Interpreting findings from Mendelian randomization using the MR-egger method. Eur J Epidemiol. (2017) 32:377–89. doi: 10.1007/s10654-017-0255-x

29. Li G, Wang M, Zheng M, Liu X, Yu T, Ren J, et al. Causal effect of psychiatric disorders on epilepsy: a two-sample Mendelian randomization study. Brain Behav. (2023) 13:e2939. doi: 10.1002/brb3.2939

30. Xue H, Liu S, Zeng L, Fan W. Causal effect of systemic lupus erythematosus on psychiatric disorders: a two-sample Mendelian randomization study. J Affect Disord. (2024) 347:422–8. doi: 10.1016/j.jad.2023.11.033

31. Frontiers | Causal association between systemic lupus erythematosus and the risk of dementia: A Mendelian randomization study. Available online at: https://www.frontiersin.org/articles/10.3389/fimmu.2022.1063110/full (accessed January 12, 2024)

32. Gao N, Kong M, Li X, Wei D, Zhu X, Hong Z, et al. Systemic lupus erythematosus and cardiovascular disease: a Mendelian randomization study. Front Immunol. (2022) 13:908831. doi: 10.3389/fimmu.2022.908831

33. Li C, Lin J, Yang T, Shang H. Green tea intake and Parkinson’s disease progression: a Mendelian randomization study. Front Nutr. (2022) 9:848223. doi: 10.3389/fnut.2022.848223

34. Pan S-Y, Tian H-M, Zhu Y, Gu W-J, Zou H, Wu X-Q, et al. Cardiac damage in autoimmune diseases: target organ involvement that cannot be ignored. Front Immunol. (2022) 13:1056400. doi: 10.3389/fimmu.2022.1056400

35. Villecco AS, de Liberali E, Bianchi FB, Pisi E. Antibodies to cardiac conducting tissue and abnormalities of cardiac conduction in rheumatoid arthritis. Clin Exp Immunol. (1983) 53:536–40.6352096

36. Gerges L, D’Angelo K, Bass D, Haghshenas A, Kersten DJ, Ahluwalia M, et al. Cardiac conduction disturbances in rheumatologic disease: a cross-sectional study. Am J Cardiovasc Dis. (2022) 12:31–7.35291510

37. Lazzerini PE, Capecchi PL, El-Sherif N, Laghi-Pasini F, Boutjdir M. Emerging arrhythmic risk of autoimmune and inflammatory cardiac channelopathies. J Am Heart Assoc. (2018) 7:e010595. doi: 10.1161/JAHA.118.010595

38. Lazzerini PE, Capecchi PL, Laghi-Pasini F, Boutjdir M. Autoimmune channelopathies as a novel mechanism in cardiac arrhythmias. Nat Rev Cardiol. (2017) 14(9):521–35. doi: 10.1038/nrcardio.2017.61

39. Dai H, Wang X, Yin S, Zhang Y, Han Y, Yang N, et al. Atrial fibrillation promotion in a rat model of rheumatoid arthritis. J Am Heart Assoc. (2017) 6:e007320. doi: 10.1161/JAHA.117.007320

40. Naaraayan A, Meredith A, Nimkar A, Arora G, Bharati R, Acharya P. Arrhythmia prevalence among patients with polymyositis-dermatomyositis in the United States: an observational study. Heart Rhythm. (2021) 18:1516–23. doi: 10.1016/j.hrthm.2021.05.029

41. Huang S, Huang F, Mei C, Tian F, Fan Y, Bao J. Systemic lupus erythematosus and the risk of cardiovascular diseases: a two-sample Mendelian randomization study. Front Cardiovasc Med. (2022) 9:896499. doi: 10.3389/fcvm.2022.896499

42. Liu P, Shang J, Qi Z, Qiu S, Lai X, Shi L, et al. Association of ankylosing spondylitis with cardiovascular disease: a bidirectional two-sample Mendelian randomization study. Front Genet. (2024) 15:1260247. doi: 10.3389/fgene.2024.1260247

43. Xiao L, Lin S, Zhan F. Effects of ankylosing spondylitis on cardiovascular disease: aMendelian randomization study. Front Genet. (2024) 15:1359829. doi: 10.3389/fgene.2024.1359829

44. Chen S, Luo X, Zhao J, Liang Z, Gu J. Exploring the causality between ankylosing spondylitis and atrial fibrillation: a two-sample Mendelian randomization study. Front Genet. (2022) 13:951893. doi: 10.3389/fgene.2022.951893

45. Deng Y, Li Q, Zhou F, Cai B, Guo J, Li G, et al. Hyperuricemia and gout are associated with the risk of atrial fibrillation: an updated meta-analysis. Rev Cardiovasc Med. (2022) 23:178. doi: 10.31083/j.rcm2305178

46. Yafasova A, Diederichsen LP, Schou M, Sun G, Torp-Pedersen C, Gislason GH, et al. Increased long-term risk of heart failure and other adverse cardiac outcomes in dermatomyositis and polymyositis: insights from a nationwide cohort. J Intern Med. (2021) 290:704–14. doi: 10.1111/joim.13309

47. Luo W, Yv H, Yu X, Wu X. Investigating the causal link between rheumatoid arthritis and atrial fibrillation in east Asian populations: a Mendelian randomization approach. Cardiol Res Pract. (2024) 2024:3274074. doi: 10.1155/2024/3274074



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Causal association between common rheumatic diseases and arrhythmia: a Mendelian randomization study

		1 Introduction



		2 Material and methods



		2.1 Study design



		2.2 Data source



		2.3 Selection of IVs



		2.4 Statistical analysis











		3 Results



		3.1 Instrumental variables



		3.2 Causal effect from rheumatic diseases on arrhythmias



		3.3 Sensitivity analyses of MR











		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Causal association between common
rheumatic diseases and arrhythmia: a
Mendelian randomization study





OPS/images/fcvm-11-1419466-g002.jpg
SS

Outcome OR(9SACI) P_value
Atial fbrillaion 1.01(0.98101.04) Eal 0565
Atioventricularblock  094(0.8810101)  r—e—k 0088
1888 095(085101.05)  +——e—+—1t 0312
Reg8 113097101.32) ——e—r0.116
097(092101.03) e 0339
r ;
08 12
protective factorisk factor
Outcome OR@SACH) P_value
Al bilation 10009910 1.02) * 0674
Atioventricuar bock 1.01(0.9810 1.04) ot 0550
Less 099(094101.04) — 0612
RBEB 1.10(1.02t01.18) | —e— 0009
1.00(0.97 10 1.02) sl 0925
r T )
08 1 12
protectve factor risk factor
Outcome OR(95%C) P_value
Atial fbilation 1.00(0.99 0 1.02) * 0638
Atioventricular lock  0.94(0.90100.99) . 0020
08508710103) et 0202
RBEB 107095101.20) —— 0263
099(095101.03) 0701
r T 1
075 1 125

protective factor

fisk faclor

SLE

Outcome ORISAC) P_value
Aial fibilation 1.01(1.00101.03) for 0060
Atfoventicuar bock  0.99(0.94101.03) —— 0520
Less 101(0.95101.06) — 0609
RB38 1020084101.12) —r— 057
100097 to 1.03) + 0967
T 1 J
08 1 12
protectvefactor risk factor
Outcome OR(IFACH) P_value
Atrial fbrilation 0.99(0.89t01.10) ot 0837
Atioventicuar bock  1.09(0.8910 1.34) e 0387
1883 1.00(0.74101.35) —— 0sm
RBBB 09706110152 ——s———— 0885
1.08(0.92 10 1.28) _—— 0338
r 1
04 1 16
protectivefactor risk factor
Outcome OR(ES%C) P_value
Atialfibrilation 1.00(0.97101.02) (] 0676
Atfoventicuar bock 1.03(0.9610 1.10) vt 0369
1888 096(0.88101.07) o 0440
RBBB 1.28(1.0910 1.51) | —— 0003
098(0.9310 1.04) L 0535
r 1 J
04 1 i)

protective factor risk factor





OPS/images/fcvm-11-1419466-g001.jpg
Assumption 2:
IV are independence of any
confounding factors

Confounding factors

variables:
Ps

Assumption 1:
Vs are directly
‘associated with exposure

Sicca syndrome
Dermatomyositis
Gout

Outcomes:
Atral fibrilation
Atrioventricular block
Left bundle branch block
Right bundie branch block
Paroxysmal tachycardia

Assumption 3:
1Vs affect outcome only through
exposure










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





