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Causal Effect of Atrial Fibrillation on

Heart Failure Riskin East Asian Ancestry:

A Bidirectional Mendelian Randomization Study
Using Genome-wide Association Data

ABSTRACT

Background: Atrial fibrillation (AF) and heart failure (HF) are prevalent cardiovascular
conditions in East Asia, with a complex interrelationship. The directionality of the causal
impact of AF on HF risk remains uncertain. This study employs Mendelian randomization
(MR) to investigate the potential causal effect of AF on HF.

Methods: Utilizing summary data from genome-wide association studies (GWAS) within
the Medical Research Council Integrative Epidemiology Unit open GWAS database, we
analyzed 8180 AF cases and 28 612 controls, alongside 9413 HF cases and 203040 controls,
all of East Asian descent. We conducted MR analysis using the inverse variance weighted
(IVW) method, complemented by various sensitivity analyses, including bidirectional MR
to assess causality in the reverse direction.

Results: Genetically predicted AF was found to be causally associated with anincreased
risk of HF in East Asian populations (odds ratio =114, 95% ClI: 1.10-1.19, P < .001) as per the
IVW method. These findings were consistent across multiple MR methods. Sensitivity
analyses revealed no significant heterogeneity or pleiotropy. Notably, bidirectional MR
analysis showed no causal effect of HF on the risk of developing AF.

Conclusions: The MR analysis supports a unidirectional causal relationship between AF
and increased HF risk in East Asian individuals. The absence of a reverse causal effect
reinforces the importance of maintaining sinus rhythm to mitigate HF risk. Further
research is warranted to corroborate these findings and to explore their clinical implica-
tions in depth.
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INTRODUCTION

Heart failure (HF) and atrial fibrillation (AF) are major cardiovascular diseases
that pose a global challenge. Heart failure and AF often co-occur in the same
patients, with more than a third of AF patients also having HF,"and vice versa, up
to half of HF patients also having AF. The coexistence of these 2 conditions can
worsen each other's prognosis.? However, the causal relationship between AF and
HF is still unclear in many cases. Although some observational studies have shown
an association between AF and HF.*>® these findings are prone to confounding and
reverse causation.

Recentevidence has highlighted the survival benefits of maintaining sinusrhythm
through interventions such as catheter ablation in patients with HF, suggest-
ing a potential therapeutic advantage over medical therapy.® This underscores
the importance of rhythm control, particularly in the context of HF, where the
interplay between AF and HF can be particularly detrimental. Furthermore, the
necessity for repeat procedures to maintain sinus rhythm in patients with HF has
been recognized, indicating a dynamic approach to the management of these
conditions.® In addition to pulmonary vein (PV) isolation, the role of extrapulmo-
nary triggers—such as those originating from the left atrial posterior wall, left
atrial appendage, ligament of Marshall, coronary sinus, superior vena cava, and
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Table 1. Description of Contributing Studies

Contribution Traits Case Control Sample Size Number of SNPs Population
Exposure Atrial fibrillation 8180 28612 36792 5018048 East Asian
Outcome Heart failure 9413 203040 212453 8885805 East Asian

crista terminalis—has become increasingly evident. These
non-PV triggers are significant contributors to AF recur-
rence, especially in patients with persistent AF, and their
management is crucial for the long-term maintenance of
sinus rhythm.”

Mendelian randomization (MR) is a method that can help
overcome these limitations.®? In this case, MR uses genetic
variants related to the exposure as instrumental variables
(IVs), similar to randomized controlled trials, which randomly
assign alleles at conception according to Mendel’s second
law.™ This way, confounding factors are randomly distributed
acrossthe population. Afteridentifyingthe commonvariants
in the outcome data, the basic principles of MR can be used
to evaluate the effect of the suspected exposure factors on
disease risk. Thanks to the rapid increase in genome-wide
association studies (GWASs) in the past decade, other stud-
ies have used MR to establish causal relationships between
blood pressure and AF," body mass index (BMI) and AF,™ and
AF and HF in European ancestry.” However, evidence for a
causal relationship between AF and HF in East Asian ances-
try remains scarce.

In this study, we conducted a bidirectional 2-sample MR
(TSMR) analysis for the first time to assess causal associa-
tions between AF and HF in East Asian ancestry.

METHODS

Data Source

Our analysis relied on GWAS summary data that is curated
and centralized by the Medical Research Council Integrative
Epidemiology Unit open GWAS database (https:/gwas.
mrcieu.ac.uk), These data are available through the R pack-
age "TwoSampleMR."™"> A total of 8180 cases and 28612

HIGHLIGHTS

¢ Novel causal insight: This study provides a novel insight
into the causal relationship between atrial fibrillation
(AF) and heart failure (HF) risk within the East Asian
population, employing Mendelian randomization (MR)
analysis.

Robust methodological approach: Through meticu-
lous selection of genetic instrumental variables and
rigorous Mendelian randomization analysis, this study
establishes a robust causal association between AF and
increased HF risk, offering compelling evidence for the
East Asian ancestry.

Validation of findings: Sensitivity analyses confirm the
consistency and reliability of the observed causal rela-
tionship, reinforcing the significance of maintaining
sinus rhythm in reducing HF risk among individuals pre-
disposed to AF.
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controls for AF from the GWAS for East Asian descents were
used in this study (https:/gwas.mrcieu.ac.uk/datasets/bbj-a-
71/).% The outcome variable summary-level association results
for the final sets of AF-related SNPs were extracted from the
largest meta-analysis of GWASs for HF, which tested associa-
tions between 8885805 genetic variants and HF in a total of
9413 cases and 203040 controls of East Asian descents(https:/
gwas.mrcieu.ac.uk/datasets/bbj-a-109/) (Table 1).

To ensure the robustness of our MR analysis, we verified the
independence of the 2 samples. The AF-related SNP data
were derived from individuals without HF, and conversely,
the HF-related SNP data were sourced from individuals
without documented AF. This independence is critical to the
validity of our MR findings, as it prevents potential bias that
could arise from overlapping samples.

Genetic Instrumental Variable Selection

To estimate the causal effect of AF on the risk of HF, we
selected genetic variants as IVs in line with the following
assumptions: (1) they have a predictive effect for AF, (2) they
are independent of confounders, and (3) they do not affect
the outcome through any other pathways than through
AF.”2 Single nucleotide polymorphisms (SNPs) that reached
genome-wide significance (P < 5 x 1078) were chosen as IVs.
To ensure the independence of genetic variants, these SNPs
then underwent linkage disequilibrium pruning (distance
threshold=10000 kb, r?< 0.001). We subsequently excluded
the SNPs associated with potential confounders of the out-
come. In our study, coronary artery disease, hypertension,
valvular heart disease (VHD), BMI, chronic obstructive pul-
monary disease (COPD), alcohol and tobacco consumption
were identified as confounders for HF (as identified at http:/
www.phenoscanner.medschl.cam.ac.uk/) (Supplementary
Table 1). The strength of the relationship between the SNP
and AF was assessed with an F-statistic calculated as F=R?
(n - K-=1)/(1 - R? x K. This calculation factors in exposure
variance (R?), sample size (n), and the number of SNPs (K). An
F-statistic > 10 indicates a significant association between
the selected IVsand AF.”

Mendelian Randomization Analysis

We used the inverse variance weighting (IVW) method
as the main analysis to assess the causal relationship
between AF and HF in our TSMR study. The IVW method
calculates the exposure effect of each SNP using the Wald
ratio method and then performs a weighted linear regres-
sion with a forced O intercept. When the IV meets 3 basic
assumptions, it achieves higher accuracy and power in
estimation.™

To account for the possible confounding by unknown
and unmeasurable factors, we performed the robust
adjusted profile score (MR-RAPS), the MR-Egger regression
(MR-Egger), the weighted mode, and the weighted median
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estimation to test the robustness of our results. Mendelian
randomization-RAPS is an extension of IVW that allows for
very weakinstruments.” The weighted median assumes that
at least 50% of the instruments are valid.?® For the mode-
based estimations, simple mode and weighted mode pro-
vide a consistent result when there is no pleiotropy among all
instruments.? Mendelian randomization-Egger method pro-
vides estimates that are corrected for pleiotropic effects,
but with lower statistical power.?2

In addition to these analyses, we also conducted a bidirec-
tional MR study. This reverse MR analysis was performed to
investigate the potential causal effect of HF on the risk of
developing AF.

Sensitivity Analysis

We conducted several sensitivity analyses to further explore
the potential heterogeneity and pleiotropy between expo-
sure and outcome. We evaluated the IV using the Cochran'’s
Q test, with P, < .05 indicating heterogeneity.® As a measure
of horizontal pleiotropy, we used the Egger intercept in the
MR Egger regression analysis.?? We performed multi-instru-
ment summary-level MR tests using MR pleiotropy residual
sum and outlier test (MR-PRESSO) to detect horizontal pleio-
tropic outliers.?* We also performed IVW radial variants and
MR-Egger radial variants, which are similar to conventional
IVW and MR-Egger regressions, to improve the visualization
of the IVW and MR-Egger estimates.? Our sensitivity analy-
sisincluded leave-one-out analysis, accompanied by IVW, to
determine the combined effect of the remaining SNPs. The
MR analysis is not overly influenced by any single SNP if the
combined effectis consistent with the main effect result.

We performed all analyses with R software (version 4.2.1)
using R packages (“Two Sample MR,” “MR-PRESSO," and
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“Radial MR"). Statistical significance was defined as a
2-sided P-value of less than .05.

Power Calculations

We used the publicly available mRnd web tool, we evalu-
ated the power of our study using a non-centrality param-
eter approach (http:/cnsgenomics.com/shiny/mRnd/).?* For
the binary outcome (HF), we roughly estimated the mini-
mum detectable OR after entering the desired parameters
in mRnd (in this study, @ =0.05; R?=0.36).

RESULTS

Instrumental Variables Validity

We used 17 SNPs as |Vs for estimating the causal effect of AF
on HF. These SNPs explained 35.6% (R?) of the variation in AF.
In our MR analysis, all the SNPs had high F-statistics ranging
from 266.43 to 6110.92, indicating that they were not weak
instruments. Table 2 shows the effect estimates of each SNP
on both AF and HF. Based on power calculations, our study
had 100% power to detect ORs between 110 and 119 for the
association between AF and HF.

Mendelian Randomization Analysis

The results of the 2-sample MR analyses are presented in
Table 2. Using the random-effect IVW models, we found that
AF was associated with asignificantincrease in the risk of HF
(OR=114,95% Cl:1.10-1.19, P < .001). This association was con-
sistent across the MR-RAPS, MR-Egger, weighted mode, and
weighted-median analysis (Table 3, Figure 1).

Additionally, to assess the potential reverse causality, a bidi-
rectional MR analysis was conducted. The results, presented
in Supplementary Table 2, did not reveal any significant
causal effect of HF on the risk of developing AF, suggesting
the observed relationship is unidirectional from AF to HF.

Table 2. Characteristics of Single Nucleotide Polymorphismss Associated with Atrial Fibrillation

Atria Fibrillation

Heart Failure

SNP EA/OA Beta EAF SE P R-Squared F-Statistic Beta EAF SE P

rs10024737 C/T 0.27 0.07 0.04 218E-11 0.01 377.81 0 0.08 0.03 .84
rs1049334 A/G -019 0.29 0.02 1.83E-14 0.01 52197 -0.03 0.29 0.02 .08
rs10920555 A/G -0.2 0.2 0.03 2.29E-13 0.01 482.25 -0.01 0.2 0.02 76
rs12044963 T/G 015 0.5 0.02 113E-1 0.01 396.33 0.03 0.5 0.02 .04
rs12415501 T/C 0.36 0.09 0.04 2.92E-24 0.02 774.36 0.01 0.08 0.03 .68
rs12597202 C/T -018 0.21 0.03 6.96E-11 0.01 417.56 -0.01 0.22 0.02 .54
rs12777530 T/C 016 0.21 0.03 5.03E-10 0 318.48 0.02 0.2 0.02 .22
rs1675334 C/G -0.13 0.71 0.03 2.27E-08 0 266.43 0.01 0.71 0.02 .49
rs2359171 A/T 0.29 0.31 0.02 1.26E-36 0.03 134795 0.06 0.3 0.02 0

rs2384407 A/G 017 0.42 0.02 490E-15 0.01 524.95 0.02 0.42 0.02 16
rs2540953 A/G -0.16 0.35 0.02 7.45E-12 0.01 428 -0.02 0.35 0.02 .33
rs4115272 A/G -0.23 0.36 0.02 4.47E-25 0.03 957.44 -0.04 0.36 0.02 .03
rs639652 A/G -0.13 0.46 0.02 4.43E-09 0 292.47 -0.02 0.46 0.02 14
rs6928224 T/C -014 0.31 0.02 2.84E-08 0 288.89 0.02 0.32 0.02 a7
rs72798854 A/G 013 0.34 0.02 6.70E-09 0 286.93 0.04 0.35 0.02 .01
rs7434417 G/A 0.54 0.45 0.02 9.66E-135 014 6110.92 0.08 0.45 0.02 0

rs7698692 A/G 013 0.51 0.02 4.24E-10 0 333.25 0 0.51 0.02 .69

EA, effect allele; EAF, effect allele frequency; OA, other allele; SE, standard error; SNP indicates single nucleotide polymorphism.
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Table 3. Mendelian Randomization Estimates from Each Method of Assessing the Causal Effect of Atrial Fibrillation on the Risk of
HeartFailure

No. of Cochran'sQP MR-Egger Outliersfrom
MR Method SNPs Beta SE P OR (95% Cl) (P) Intercept(P) MRPRESSO
Inverse variance weighted 17 013 0.02 3.40E-11  114(1.10-119) 0.27 (17.7%) -0.01(0.28) NA
Robust adjusted profile score 17 0.14 0.02 4.42E-12  1.15(110-1.20)
MR Egger 17 017 0.04 0.000847 119(1.11-1.23) 0.27 (95.2%)
Weighted mode 17 016 0.03 3.01E-05 117 (1.11-1.23)
Weighted median 17 0.15 0.03  2.48E-09 117 (111-1.23)

Cl, confidence interval; MR, Mendelian randomization; OR, odds ratio; SE, standard error; SNP, single-nucleotide polymorphism.

MR Test

Inverse variance weighted

/ MR Egger

Robust adjusted profile score (RAPS)

/ Weighted median
Weighted mode

0.10-

o

o

o
'

SNP effect on Heart Failure

0.00-

0.3 0?4 0?5
SNP effect on Atrial Fibrillation
Figure 1. Scatter plot of SNPs associated with AF and the risk of HF. The plot related the effect sizes of the SNP-AF association
(x-axis,) and the SNP-HF associations (y-axis) with 95% confidence intervals. The regression slopes of the lines correspond to
causal estimates using 5 Mendelian randomization methods [the inverse variance weighted method, robust adjusted profile

score (MR-RAPS), the MR-Egger regression (MR-Egger), the weighted mode and the weighted median estimation (WME)]. AF,
atrial fibrillation; HF, heart failure; MR, Mendelian randomization; SNP, single-nucleotide polymorphism.

This finding further strengthens the evidence for a causal
role of AF in the development of HF within the East Asian
population studied.

Validation of Sensitivity Analysis

We performed several sensitivity analyses to assess the
potential heterogeneity and pleiotropy between expo-
sure and outcome. Neither the Cochran’'s Q-test nor the
MR-Egger regression analysis detected any heterogene-
ity or horizontal pleiotropy (P,=.27, P, =.28) (Table 3).

intercept —

Moreover, the MR-PRESSO results and the radial plot did not

—:lepyl

identify any outlier SNPs (Figure 2). The leave-one-out anal-
ysis showed that the overall effect of AF on HF was notinflu-
enced by any single SNP (Figure 3).

DISCUSSION

Epidemiological studies have identified several cardiovascu-
lar risk factors that are strongly associated with the develop-
ment of HF. One of the most common and potentrisk factors
for HF is AF. However, the association between AF and HF
may be confounded by several factors, such as aging, CVD,
hypertension, VHD, BMI, and COPD, which are prevalent in
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Figure 2. Radial plots to visualize individual outlier single nucleotide polymorphisms (SNPs) in the Mendelian randomization

estimates for association between atrial fibrillation with heart failure. Black dots show valid SNPs and purple dots display invalid

outlier SNPs. There is no significant outlier SNP in present plots. IVW, inverse variance weighted.
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Figure 3. Leave-one-out analysis of Mendelian randomization (MR) estimates of genetic risk of atrial fibrillation on heart failure.
Black boxes corresponding to each of the single nucleotide polymorphisms (SNPs) denote odds ratios derived from inverse

variance weighted (IVW) after leaving the corresponding SNP in turns. The red box corresponding to “ALL" indicates the pooled

IVW MR estimate. Horizontal lines denote a 95% confidence interval.

both conditions. Using MR, we demonstrated for the first VHD. According to the last randomized trial EAST-AFNET4
time a causal relationship between AF and HF in East Asian  and CABANA sub-analysis early rhythm control performed
populations. Our sensitivity analysis showed that the causal  with catheter ablation of AF improves survival and prevents
effectwasnotsignificantly affected by otherestablishedrisk ~ HF.?¢ Our results are in line with other MR studies and support
factors for both conditions, such as CVD, hypertension, and  the hypothesis that HF can be prevented by controlling AF.
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Previous studies have shown that AF canlead to left-ventric-
ular systolic dysfunction and increase the mortality and mor-
bidity of HF.®* Therefore, our findings imply that public health
interventions are needed to emphasize the importance of
adequate AF management in reducing the global burden of
HF and its severe complications.

The mechanisms underlying the pathogenesis of HF in AF
patients may involve several pathways. Atrial fibrillation
is associated with adverse hemodynamic changes, such as
loss of atrial systole, ventricular rate irregularity, and chro-
notropic incompetence. Under normal sinus rhythm, atrial
contraction contributes 20%-25% of the total left ventricu-
lar stroke volume.?” The loss of atrial contractility can pre-
cipitate HF, especially in cases where the ventricular filling
iscompromised, such asin CVD or hypertension. Atrial fibril-
lation also causes a decrease in cardiac output, which is
accompanied by anincrease in neurohumoral vasoconstric-
tors. The activation of neurohumoral systems is a hallmark
of HF and is associated with left ventricular dysfunction.®
Tachycardia-mediated cardiomyopathy is a common con-
sequence of AF.?%3° Increased heart rates are associated
with abnormal calcium signaling between the surface mem-
branes of cardiomyocytes and the sarcoplasmic reticulum,
as well as reduced sarcoplasmic calcium levels. This results
in decreased myocardial contractility and dilatation. The
effect of AF on atrial function has also been extensively
studied. Chronic AF causes intracellular oxidative stress,
which leads to calcium overload and the initiation of the
inflammatory cascade. This causes both the persistence of
the arrhythmia and the remodeling of the atrium, resulting
in fibrosis. This chronic condition is known as “atrial cardio-
myopathy” in the medical literature.® Patients with highly
symptomatic AF have been shown to have diffuse left
ventricular (LV) fibrosis.®> There was a positive correlation
between the degree of ventricular fibrosis and AF burden,
independent of age or systolic dysfunction. Even patients
with lone AF had diffuse LV fibrosis compared to healthy
controls. Based on our findings, we suggest that physicians
can take several measures in clinical practice to improve
patient outcomes. Specifically, physicians should be aware
that patients with AF have an increased risk of developing
HF and should monitor them closely for signs and symptoms
of HF. Moreover, physicians can work to identify and treat
the underlying causes of AF, such as hypertension, diabe-
tes, and obesity. Treating these underlying conditions may
help to prevent or delay the onset or progression of HF in
patients with AF. Furthermore, physicians can consider early
intervention strategies for patients with AF, such as antico-
agulation therapy and rhythm control, which may help to
reduce the risk of HF and other adverse outcomes. Overall,
our findings suggest that physicians should take a proactive
approach to managing patients with AF in order to reduce
therisk of HF and improve patient outcomes. Further studies
are needed to confirm these findings and explore the clinical
implications in more detail.

Our study has several notable strengths. First, we conducted
a comprehensive analysis of incident HF and robust GWAS
using a very large sample size to obtain genetic instruments
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for MR analysis. Moreover, our MR method yielded more reli-
able effect estimates than conventional observational stud-
ies by minimizing the confounding and reverse causation.
Last, a rigorous process was applied to select and validate
the IVs, reducing the bias caused by inappropriate IVs.

However, our study also hassome limitations. First, due to the
scarcity of data resources, we could not perform stratified
analyses or adjust for covariates. Second, since MR assumes
a linear relationship between exposure and outcome, the
nonlinear association between AF and HF risk could not be
evaluated. Third, the dissemination of our findings to other
populations was hampered by the East Asian ancestry of the
samples.

CONCLUSION

Our TSMR analysis substantiates a genetic causal relation-
ship between AF and HF risk among East Asian populations.
The findings reinforce the clinical relevance of sinus rhythm
preservation in individuals predisposed to HF. Additionally,
our bidirectional MR analysis did not demonstrate a causal
effect of HF on AF, suggesting a unidirectional causality
from AF to HF. These insights necessitate further research to
validate and elucidate the clinical ramifications of our study
comprehensively.
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