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Abstract

Helicobacter pylori (H pylori) infection and H pylori antibodies have been reported to be associated with an increased risk of a@
fibrillation (AF) in several observational studies. However, whether this relationship is causal and which H pylori antibodies serve as
the determinant of AF remains largely unclear. Recently published Genome-wide association studies on 7 different antibodies of H
pylori-specific proteins and AF (2 correction methods) were included in this study. A two-sample Mendelian randomization study
was employed to investigate the causal effects of circulating H pylori antibodies on the risk of AF. Genetically predicted serum H
pylori Catalase antibody level was associated with an increased risk of AF (Firth correction) (odds ratio = 1.137, 95% confidence
interval: 1.008-1.282, P =.037) and AF (saddlepoint approximation correction) (odds ratio = 1.139, 95% confidence interval:
1.010-1.284, P = .034). No significant causal correlations were found between other H pylori antibodies and AF. This Mendelian
randomization study demonstrates that H pylori Catalase antibody is the only causal determinant associated with the risk of AF
in terms of H pylori-related antibodies.

Abbreviations: AF = atrial fibrillation, CagA = cytotoxin-associated gene-A, GroEL = chaperonin GroEL, GWAS = genome-wide
association study, IgG = immunoglobulin G, IV = instrumental variable, MR = Mendelian randomization, OMP = outer membrane
protein, RSS = residual sum of aquares, SE = standard error, SNP = single-nucleotide polymorphism, SPA = saddlepoint

approximation, UreA = urease subunit-A, VacA = vacuolating cytotoxin-A.
Keywords: atrial fibrillation, causality, genome-wide association study, Helicobacter pylori, Mendelian randomization

1. Introduction

Atrial fibrillation (AF) is the most common cardiac arrhyth-
mia. It is characterized by irregular and often abnormal
atrial cardiomyocytes’ fast contractions, resulting in various
complications, such as thromboembolic stroke, heart fail-
ure, cognitive impairment, and even sudden cardiac arrest.!!!
With the aging population and lifestyle changes, the preva-
lence of AF is rapidly growing and becoming an urgent pub-
lic health issue.l”! Despite substantial efforts to understand
the etiology of AF, the underlying causative mechanisms of
AF in patients have yet to be fully understood, and effective
diagnostic instruments and therapies for AF are still chal-
lenging.’! Therefore, elucidating the potential driving risk
factors of AF is an important objective in reducing the inci-
dence of AF.

Helicobacter pylori (H pylori) is a gram-negative microaer-
obic bacteria and there are approximately half of the
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world’s population has been infected by H pylori infection.!*!
Antibodies to H pylori were found in patients with H pylori
infection, such as anti-H pylori immunoglobulin G (IgG),
cytotoxin-associated gene-A (CagA), Catalase, chaperonin
GroEL (GroEL), outer membrane protein (OMP), urease
subunit-A (UreA), and vacuolating cytotoxin-A (VacA) anti-
bodies.’! Existing evidence suggests that microbiota dysbiosis
is associated with a higher risk of AR H pylori infection
has been considered a chronic inflammation status and may
play a role in the development of cardiovascular disease.” As
a pathogenic bacteria, H pylori has also been proposed to be
associated with a higher risk of AF in observational studies,
but the results remain disputable.'>'?) One previous study has
documented a general association between H pylori seropos-
itivity and AE.["®! Another research has yielded contradictory
results and failed to find any significant correlation between
H pylori infection and AE!" Further larger research is
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warranted. Moreover, distinguishing causality from spurious
association in observational studies is difficult. Further studies
are warranted to clarify the causative relationship between H
pylori and AF.

Mendelian randomization (MR) is an approach for mak-
ing causal inferences.!'* Using genetic variants as instrumen-
tal variables (IVs), MR effectively overcomes the bias caused
by confounding or reverse causality.'>!®l Given advantages,
a large number of studies in recent years have utilized this
method to conduct research. In this study, we aimed to inves-
tigate the causality between circulating H pylori antibodies
and AF risk.

2. Methods
2.1. Study design

A two-sample MR study was conducted to evaluate the causal
effect of anti-H pylori antibody levels on the risk of AF. The
MR design was expected to fulfill 3 core assumptions.!'”! First,
the genetic IVs should be strongly concerned with anti-H
pylori antibodies. Second, IVs should not be related to poten-
tial confounders. Third, IVs can only induce AF through H
pylori antibodies; in other words, IVs should not be directly
associated with AF. Figure 1 presents the flowsheet of our
study.

T
Exposure: 7 H. pylori antibodies | Outcome: Atrial fibril

lation
1
8%3 Caz:!%};}i:t?lase, GroEL, OMP’| (Firth correction and SPA correction)

SNPs Selection:

v" SNPs reached genome-wide significance (P <5 X 10%)

v" Linkage disequilibrium-pruned (threshold at r2< 0.001 and kb = 10000)
v" Removing SNPs associated with confounders by PhenoScanner

¥ Palindromic SNPs exclusion

v SNPs with the F-statistic < 10 were excluded

MR analysis: | Sensitivity analysis:
¥ Inverse variance weighted ! v" Cochran’s Q-test
v' MR-Egger : v Egger regression
v Weighted median I v" Leave-one-out analysis
v" Simple mode I v' MR-PRESSO
v 1
1

Weighted mode

Figure 1. Flow chart of our MR study.
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2.2. Data source

In this MR study, the data sources for exposure and outcome
in this study are summary data from genome-wide association
study (GWAS) studies conducted in European populations.
Downloadable GWAS summary statistics for 7 circulating
H pylori antibody levels (anti-H pylori IgG, CagA, Catalase,
GroEL, OMP, UreA, and VacA) were determined from public
data compiled in the EBI database (https://gwas.mrcieu.ac.uk/
datasets/). The summary statistics data for AF (Firth correc-
tion and saddlepoint approximation [SPA] correction) were
obtained from the recently published GWAS including a total
of 407,746 individuals.!'8! The detailed information is shown
in Table 1.

2.3. Selection and validation of IVs

Single-nucleotide polymorphisms (SNPs) from GWAS were
applied as IVs. In line with previous MR studies, to obtain a
sufficient number of IVs and increase statistical power, we set
the P value threshold for IVs to 5 x 10 in this MR study.!"”
To check for the independence of selected SNPs, we performed
linkage disequilibrium filtering on SNPs with an appropri-
ate threshold (72 < 0.001 within 10,000 kb). In addition, we
looked up the selected SNPs on PhenoScanner to evaluate
whether these SNPs were associated with other traits and made
an additional exclusion of SNPs associated with confounding
traits at the genome-wide significance level.?”! Subsequently,
palindromic SNPs were removed to avoid accidental bias when
harmonizing H pylori antibodies and the AF GWAS dataset.
Finally, the F-statistic for each SNP was calculated (F = beta?/
se?) to evaluate the strength of IVs.2!l To minimize potential
weak instrument bias, SNPs with F-statistics lower than 10
were removed.

2.4. Statistical analysis

Causal estimates were evaluated using the TwoSampleMR
package (V.0.5.6) in the software R using inverse variance
weighted as the default method, which was further verified with
MR-Egger and weighted median methods.1?”’ The Cochran Q
test was applied to assess the heterogeneity.?®! In addition, the
MR-PRESSO test, MR-Egger intercept test, and leave-one-out
analysis were performed as a sensitivity analysis to estimate the
reliability of the effect estimates.!>*%’! Statistical significance was
defined as a P value less than .05.

3. Results

There were 10, 12, 7, 4, 6, 9, and 10 IVs for antibody levels
of anti-H pylori IgG, CagA, Catalase, GroEL, OMP, UreA, and

Details of the GWAS data used for Mendelian randomization analyses.

Phenotype Data source Ethnicity Sample size Year GWAS ID
Anti-Helicobacter pylori1gG Chong A etal European 4683 2021 ieu-b-4905

CagA Butler-Laporte G et al European 985 2020 ebi-a-GCSTI0006911
Catalase Butler-Laporte G et al European 1558 2020 ebi-a-GCST90006912
GroEL Butler-Laporte G et al European 2716 2020 ebi-a-GCST90006913
OomP Butler-Laporte G et al European 2640 2020 ebi-a-GCST90006914
UreA Butler-Laporte G et al European 2251 2020 ebi-a-GCSTI0006915
VacA Butler-Laporte G et al European 1571 2020 ebi-a-GCST90006916
AF (Firth correction) Mbatchou J et al European 407,746 2021 ebi-a-GCST90013902
AF (SPA correction) Mbatchou J et al European 407,746 2021 ebi-a-GCST90013952

AF = atrial fibrillation, CagA = cytotoxin-associated gene-A, GroEL = chaperonin GroEL, GWAS = genome-wide association study, IgG = immunoglobulin G, OMP = outer membrane protein, SPA =
saddlepoint approximation, UreA = urease subunit-A, VacA = vacuolating cytotoxin-A.
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VacA, respectively. The detailed information about SNPs for
these 7 exposures included as IVs in our analysis is presented in
Table S1, Supplemental Digital Content, https:/links.lww.com/
MD/0966. Circulating antibody levels of IgG, CagA, Catalase,
GroEL, OMP, UreA, VacA, and AF (Firth correction and SPA
correction) were estimated by the inverse variance weighted
method, and the results are presented in Figure 2 and Table
S2, Supplemental Digital Content, https:/links.lww.com/MD/
0966. Genetically determined Catalase antibody levels were
significantly associated with an increased risk of AF (Firth cor-
rection) (odds ratio = 1.137, 95% confidence interval: 1.008-
1.282, P =.037) and AF (SPA correction) (odds ratio = 1.139,
95% confidence interval: 1.010-1.284, P = .034). Namely, sim-
ilar results were obtained using 2 summary statistics data of
AF corrected by different statistical methods. For anti-H pylori
IgG, CagA, GroEL, OMP, UreA, and VacA, there were no sig-
nificant causal associations between them and AF (either Firth
correction or SPA correction). Scatter plots of the potential
effects of 7 anti-H pylori antibodies levels-associated SNPs on
AF (Firth correction and SPA correction) are shown in Figure 3
and Figures S1 and S2, Supplemental Digital Content, https://
links.lww.com/MD/O967.

As listed in Table S3, Supplemental Digital Content, https://
links.lww.com/MD/Q966, there was no evidence of heteroge-
neity in the biomarkers of H pylori infection except for GroEL.
Moreover, the MR-Egger regression and the appearance of
the funnel plots showed that the exposure was less likely to
affect the outcome through confounders (all P-values for
MR-Egger intercept >.05) (Figures S3 and S4, Supplemental

www.md-journal.com

Digital Content, https:/links.lww.com/MD/O967, Table S4,
Supplemental Digital Content, https:/links.lww.com/MD/
0966). Specifically, for the positive results Catalase, Cochran
Q test indicates no significant heterogeneity (P > .05) (Table 2).
Neither the MR-Egger intercept test nor the MR-PRESSO
global test identified any horizontal pleiotropy (P >.05)
(Table 3). Visually, the leave-one-out analysis proved that no
single SNP was driving the causal effect of Catalase on AF
(Fig. 4). Moreover, the leave-one-out analysis indicated the reli-
ability of the other 6 causal association pairs, as removing any
of the SNPs did not lead to a significant alteration (Figures S$
and S6, Supplemental Digital Content, https:/links.lww.com/
MD/0967).

4. Discussion

In this study, we used an MR method to explore the directional
causal relationship between 7 different antibodies of H pylori-
specific proteins and AF based on large-scale GWAS summary
statistics. After conducting a series of MR analysis procedures,
we found that circulating Catalase antibody levels were sig-
nificantly associated with an increased risk of AF. There is no
evidence to support the causal association of anti-H pylori
IgG, CagA, GroEL, OMP, UreA, and VacA with AE Besides,
the results of the sensitivity analysis detected no heterogeneity
(except GroEL), horizontal pleiotropy, or potentially influen-
tial IVs, suggesting the causal inferences of our MR study were
robust. To the best of our knowledge, this study was the first to

A Hazard Ratio Plot (the SNPs associated with H. pylori antibodies)

Exposures nSNP ) OR (95%CI) Pvalue
IeG 10 — 1.093 (0.935-1.279)  0.265
CagA 12 —.—o— 1.029 (0.968-1.094) 0.357
Catalase ] —0— 1.137(1.008-1.282)  0.037
GroEL 4 - 0.891 (0.657-1.208) 0.458
OMP 6 —0-'— 0.959 (0.805-1.143)  0.642
UrcA 9 —-—0— 1.045 (0.941-1.160)  0.414
VacA 10 —"’— 1.020 (0.939-1.109)  0.639

I 1 1
0.655 1 1.345
The estimates
B Hazard Ratio Plot (the SNPs associated with H. pylori antibodies)

Exposures nSNP OR (95%CI) Pvalue
IeG 10 —o— 1.093 (0.935-1.279)  0.265
CagA 12 —-0— 1.028 (0.968-1.094) 0364
Catalase 7 e LI39(1.010-1284)  0.034
GroEL 4 : 0.892 (0.657-1.210)  0.461
OMP 6 —"‘— 0.963 (0.808-1.148)  0.676
UreA 9 + 1.045 (0.941-1.160)  0.414
VacA 10 —"— 1.016 (0.935-1.104)  0.706

0.6I55 ll 1.3I45

The estimates

Figure 2. Forest plot for effects of circulating levels of 7 Helicobacter pylori antibodies on the risk of atrial fibrillation based on the IVW. (A) H pylori antibodies
on AF (Firth correction), (B) H pylori antibodies on AF (SPA correction). AF = atrial fibrillation, Cl = confidence interval, IVW = inverse variance weighted, OR =

odds ratio, SPA = saddlepoint approximation.
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Figure 3. Scatter plots of the positive results for effects of Catalase on the risk of atrial fibrillation. (A) Catalase on AF (Firth correction). (B) Catalase on AF (SPA

correction). AF = atrial fibrillation, SPA = saddlepoint approximation.

Results of heterogeneity by Cochran Q test.

Cochran Qtest

Exposure Outcome Method (1] Q df P-value

(Catalase AF (Firth correction) MR-Egger 5.859 5 .320
VW 7.964 6 240

Catalase AF (SPA correction) MR-Egger 5.934 5 313
VW 8.023 6 263

AF = atrial fibrillation, IVW = inverse variance weighted, MR = Mendelian randomization, SPA =
saddlepoint approximation.

Results of horizontal pleiotropy by MR-Egger intercept test and
MR-PRESSO global test.

MR-PRESSO

MR-Egger intercept test global test

Exposure Outcome Intercept SE  P-value RSS obs P-value
Catalase  AF (Firth correction) ~ 0.045  0.034  .238 10.735  .299
Catalase  AF (SPA correction) 0.045 0.034 242 10.842 275

AF = atrial fibrillation, MR = Mendelian randomization, RSS = residual sum of squares, SE =
standard error, SPA = saddlepoint approximation.

provide evidence of causal links between circulating H pylori
antibodies and AF risk.

As we all know, H pylori infection is an important causative
factor for chronic gastritis, peptic ulcer, and gastric cancer.
Recent studies have found that H pylori infection might be
associated with a variety of extragastric diseases including
cardiovascular diseases.?®! Despite advances in our under-
standing of AF, there is still much to be learned about the com-
plex processes that underlie AF and it is crucial to determine
effective strategies for treating AF. At present, the connec-
tion between H pylori infection and AF is contradictory and
remains debatable.!'>?”! Although some studies have reported
an association of H pylori infection with increased AF risk,
it is difficult to distinguish causal association from spuri-
ous association in observational studies.!!'?¥! Hereby, taking

advantage of the GWAS datasets on H pylori antibodies and
MR analysis, we conducted a two-sample MR to investigate
the causal relationship between H pylori antibodies and AF
risk. To gain more credible results, we included 2 AF sum-
mary statistics which were obtained using different methods
of statistical correction as our outcome parameters. Lastly, we
found that patients with Catalase-positive H pylori infection
had a higher risk of AF.

AF, the most common sustained arrhythmia, is driven by
a complex interplay of electrical, structural, metabolic, and
inflammatory abnormalities. Although existing data do not
directly clarify the connection between Catalase antibodies and
AF, these antibodies may indirectly contribute to the initiation
and progression of AF by modulating multiple pathophysio-
logical pathways. Catalase, a crucial intracellular antioxidant
enzyme, decomposes hydrogen peroxide (H,O,) into water
and oxygen, thereby reducing reactive oxygen species accu-
mulation.””! Catalase antibodies may interfere with its func-
tion through direct enzyme activity inhibition by binding to
active or allosteric sites, inhibiting catalytic activity and caus-
ing H,0O, accumulation and oxidative stress. Moreover, these
antibodies may form immune complexes that induce the ubig-
uitination and degradation of Catalase, thereby diminishing its
intracellular levels. Catalase antibodies also affect subcellular
localization by disrupting Catalase’s intracellular distribution,
preventing effective H,O, clearance in specific regions (e.g.,
mitochondria or sarcoplasmic reticulum), leading to localized
oxidative stress.’” In the context of AF, oxidative stress is
known to contribute to atrial remodeling and inflammation.’3"
Notably, oxidative stress resulting from Catalase antibody-
induced dysfunction amplifies inflammatory and fibrotic signal-
ing pathways (e.g., transforming growth factor-p1 and nuclear
factor-kB). This exacerbates atrial tissue damage, promotes
electrical instability, and perpetuates a pro-arrhythmic environ-
ment, all of which are closely associated with AE. In addition,
Catalase activity can affect various cell signaling pathways
involved in AF pathophysiology. For example, oxidative stress
activates pathways such as the renin-angiotensin—aldosterone
system and the angiotensin II type 1 receptor pathway, which
drive inflammation, fibrosis, and electrical heterogeneity in
atrial tissue, ultimately increasing AF risk.®? Furthermore, the
immune system plays a significant role in AF, with immune cells
and their mediators contributing to atrial fibrosis and elec-
trical remodeling. Research has reported that Catalase may
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Figure 4. Leave-one-out analysis of the causal association between circulating Catalase levels and atrial fibrillation risk. (A) Catalase on AF (Firth correction). (B)
Catalase on AF (SPA correction). AF = atrial fibrillation, SPA = saddlepoint approximation.
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Figure 5. Possible pathogenetic mechanisms of Catalase on AF. The gastric proton pump, H*/K*-ATPase, on parietal cells is the major target of patients with
Helicobacter pylori infection. Gastric H*/K*-ATPase and cardiac Na*/K*-ATPase show a high degree of sequence similarity. Catalase-positive antibodies to H*/
K*-ATPase may also be antibodies to Na*/K*-ATPase, thus the imbalance of ion homeostasis finally triggers AF. AF = atrial fibrillation.

influence immune responses by modulating the redox balance
within immune cells, potentially altering their activity and the
subsequent inflammatory processes that could contribute to
AEB3! Catalase antibodies may promote AF through disrupt-
ing calcium ion regulation. Specifically, oxidative substances
(i.e., H,0,) accumulation leads to abnormal sarcoplasmic
reticulum calcium release, triggering arrhythmias via calcium
overload and delayed afterdepolarizations.? These calcium-
mediated disturbances in cellular excitability can directly
trigger arrhythmias, further exacerbating AF progression. In
summary, Catalase antibodies likely influence AF through mul-
tiple interconnected mechanisms, including enzyme activity

inhibition, oxidative stress exacerbation, disruption of cell sig-
naling pathways and calcium ion regulation, and promotion of
inflammation and fibrosis.

Consistent with a previously published article, Catalase was
located on the bacterial surface during autolysis of H pylori.>’!
Adhesion of H pylori to human gastric epithelial cells is vital
for bacterial colonization. Additionally, it has been recognized
that bacterial attachment to the host cells’ surface is an initial
step for H pylori invasion and may contribute to chronic infec-
tion.**! Some patients with H pylori infection have autoantibod-
ies to the H*/K*-ATPase of gastric parietal cells.’”) Remarkably,
H*/K*-ATPase, the proton pump of gastric cells, and Na*/
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K*-ATPase, the pump of cardiac cells, show the highest degree
of sequence similarity among all other members of the P-type
ATPases family.’% It is tempting to hypothesize that antibodies
to H*/K*-ATPase may also be antibodies to Na*/K*-ATPase, thus
causing an atrial insult. The role of these pumps is maintaining
ionic homeostasis by hydrolyzing ATP and loss of this balance
may trigger AF by determining depolarization delay and induc-
ing premature atrial contractions. Here, we describe the current
knowledge regarding the possible pathogenesis of AF caused
by Catalase (Fig. 5). Indeed, there is currently limited evidence
on the role of H pylori infection concerning pathophysiologi-
cal mechanisms in human patients with AF, prompting further
research in this area in the future.

It is worth noting that a newly published research identified
Catalase as the H pylori protein that binds to lectin-like oxi-
dized low-density lipoprotein receptor-1 (LOX-1) to initiate
the invading process.’! Based on their current findings, Zeng
et al concluded that the identified LOX-1-Catalase interaction
may serve as a potential drug target for alleviating H pylori
infection.?! Notably, our research reveals the causal relation-
ship between Catalase-positive H pylori infection and AF risk.
Accordingly, 1 hypothesis that warrants future exploration
is that targeting Catalase may be an intervention strategy to
reduce the risk in patients with AF. Further pathomechanistic
and interventional studies are required.

Our study has some limitations. First of all, the P value
threshold for IVs selection was 5 x 10, which may induce
weak instrument bias to the overall estimates. Second, the sam-
ple size of the H pylori infection GWAS data was small due to
limited data provenance, and studies with larger sample sizes
are needed. Third, since this MR analysis mainly focused on
populations of European descent, whether it is a common phe-
nomenon in other ethnic groups should be further evaluated.

5. Conclusion

In conclusion, our study demonstrates that genetically predicted
Catalase-positive H pylori infection is causally associated with
an elevated risk of AF. It was plausible that targeting Catalase
and thus alleviating H pylori infection might decrease the inci-
dence of AF. However, additional studies are still needed to fur-
ther confirm our results and there is still a long way to go before
we understand the precise mechanisms and methods of transla-
tional medicine.
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