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Abstract

Background: The relationship between Helicobacter pylori (H. pylori) infection and Idiopathic Thrombocytopenic Purpura (ITP) is contentious,
with conflicting evidence regarding H. pylori’s impact on ITP. This study aims to clarify this potential causal relationship using a Mendelian Random-
ization (MR) approach.

Methods: We utilized a two-sample MR study to assess the causal relationship between H. pylori infection (primary GWAS ID: ukb-b-531) and ITP.
Inverse Variance Weighted (IVW), Weighted Median (WM), and MR-Egger regression were employed to estimate the causal effects. Additional anal-
yses were conducted using two other H. pylori GWAS datasets and six immunogenic protein molecules of H. pylori.

Results: The MR analysis found no significant causal association between H. pylori and ITP across all methods. Consistent results were obtained
from additional datasets. No causal relationship was observed between H. pylori’s six immunogenic proteins and ITP. Funnel plots showed sym-
metry, Cochran’s Q test indicated no heterogeneity except for UREA, MR-Egger intercept test and MR-PRESSO global tests suggested no horizontal
pleiotropy. Leave-one-out analyses show that no single instrumental variable was responsible for the causal effects. Steiger directionality test results
confirmed the correctness of the assessment direction.

Conclusions: This MR study provides robust evidence against a causal relationship between H. pylori infection and ITP, challenging the notion that
H. pylori eradication could influence ITP treatment outcomes. Further research should focus on alternative mechanisms and confounding factors

influencing ITP.
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Introduction

Idiopathic Thrombocytopenic Purpura (ITP), also known as im-
mune thrombocytopenic purpura, is an autoimmune disorder char-
acterized by a significantly reduced platelet count, which can lead
to severe bleeding and bruising. The condition results from the im-
mune system mistakenly targeting and destroying platelets [1]. The
pathogenesis of ITP involves complex interactions between auto

antibodies and platelets, leading to their destruction and impaired
production. Despite extensive research, the precise mechanisms
underlying ITP remain unclear, making identifying contributing
factors crucial for improving treatment strategies. One such poten-
tial factor is Helicobacter pylori (Hp) infection, which has garnered
considerable attention due to its possible impact on ITP [2].

@ @ This work is licensed under Creative Commons Attribution 4.0 License|A]BSR.MS.ID.OO3465. 545


WWW.biomedgrid.com
WWW.biomedgrid.com
http://dx.doi.org/10.34297/AJBSR.2025.26.003465

Am ] Biomed Sci & Res

Helicobacter pylori is a gram-negative bacterium commonly
found in the human stomach, where it can cause chronic gastritis
and peptic ulcers [3]. The potential link between H. pylori infection
and ITP emerged when some studies reported increased platelet
counts in ITP patients following H. pylori eradication therapy [4,5].
This observation led to a surge of interest and subsequent research
into the relationship between H. pylori and ITP. However, the find-
ings have been inconsistent and often contradictory. Some studies
suggest that eradicating H. pylori can significantly improve platelet
counts in ITP patients, while others report no effect or even adverse
outcomes [5-8]. This variability has fueled ongoing debates and
highlighted the need for more rigorous investigations to establish
a clear causal relationship.

The conflicting results from previous studies may stem from
several factors, including differences in study design, patient de-
mographics, and the presence of confounding variables that are
challenging to control in observational and cross-sectional studies.
Observational studies are susceptible to reverse causation and con-
founding biases, which can obscure true causal relationships [9].
Given these limitations, a more robust methodological approach
is required to clarify the link between H. pylori infection and ITP.
Mendelian Randomization (MR) offers a powerful alternative for
assessing causal relationships by using genetic variants as instru-
mental variables [10]. Mendelian Randomization (MR) leverages
the random assortment of genes from parents to offspring during
meiosis, mimicking the randomization process in a controlled tri-
al [11]. By using genetic variants associated with the exposure of
interest (in this case, H. pylori infection), MR can provide unbi-
ased estimates of the causal effect of the exposure on the outcome
(ITP). This approach helps to overcome confounding and reverse
causation biases inherent in traditional observational studies [12].
In the context of H. pylori and ITP, MR can clarify whether H. pylori
infection directly influences the development and progression of
ITP or if the observed associations are due to other confounding
factors [13]. This study aims to employ Mendelian randomization
analysis to investigate the causal relationship between H. pylori in-
fection and ITP. By integrating genetic data and advanced statistical
techniques, we seek to provide more definitive evidence regarding
the role of helicobacter pylori in ITP pathogenesis. This research
has the potential to resolve longstanding controversies and inform
clinical practice, particularly in managing Hp infection in ITP pa-
tients. Establishing a causal link could lead to novel therapeutic
strategies, enhancing patient outcomes by targeting Hp eradication
as part of ITP treatment protocols.

Materials and Methods
Study Design

This study employed a two-sample Mendelian randomization
approach to explore the causal relationship between Helicobacter
pylori infection and idiopathic thrombocytopenic purpura. The
study adhered to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology Using Mendelian Randomization
(STROBE-MR-Checklist) guidelines. The design of the MR analysis
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aimed to satisfy the three core assumptions required for a valid MR
study: (1) The genetic variants used as instrumental variables (IVs)
must be strongly associated with the exposure (Hp infection). (2)
The IVs must not be associated with any confounders that influence
both the exposure and the outcome (ITP). (3) The IVs affect the out-
come solely through the exposure and not through any alternative
pathway (no horizontal pleiotropy) [14].

Data Sources

Genetic associations with Hp infection were sourced from the
IEU Open GWAS Project. The primary dataset (GWAS ID: ukb-b-531)
was used with replication analyses conducted using two addition-
al datasets (GWAS IDs: ebi-a-GCST90006910 and ieu-b-4905).
Furthermore, in line with previous Mendelian randomization
studies investigating causality between Hp and other disorders,
we similarly selected datasets for six Hp-related proteins, in-
cluding GroEL (GWAS ID: ebi-a-GCST90006913), OMP (GWAS ID:
ebi-a-GCST90006914), UREA (GWAS ID: ebi-a-GCST90006915),
VacA (GWAS ID: ebi-a-GCST90006916), catalase (GWAS ID: ebi-a-
GCST90006912), and CagA (GWAS ID: ebi-a-GCST90006911) [15].
The outcome dataset for ITP (GWAS ID: ebi-a-GCST90018865) also
originates from IEU open Gwas. All participants in the GWAS were
of European ancestry. Table 1 provides detailed characteristics of
all the data included in this study.

Selection of Genetic Instruments

Instrumental variables for Hp infection and related bacteri-
al factors were selected from the respective GWAS datasets. For
the primary analysis of Hp (GWAS ID: ukb-b-531) and the GroEL
protein dataset, a threshold of p<5x10-5 was used. For the repli-
cation analyses involving two addition Hp datasets and five other
Hp-related protein (OMP, UREA, VacA, catalase, and CagA) datasets,
a more stringent threshold of p<5x10-6 was applied. These thresh-
olds were chosen to ensure a sufficient number of single nucleo-
tide polymorphisms (SNPs) for robust analysis and are consistent
with thresholds used in previous Mendelian randomization studies
[16-18]. To ensure the independence of these SNPs, we employed
a clustering approach based on low linkage disequilibrium (LD, r2
<0.001) and substantial physical distance (>10,000Kb). This meth-
od enabled us to identify reliable SNPs. To mitigate potential con-
founding factors, we used the PhenoScanner database to exclude
SNPs associated with the outcome variables. We further assessed
the strength of these SNPs as instrumental variables using the F-sta-
tistic, adopting a threshold of F>10 to avoid introducing of weak
instrument bias. Additionally, potential outliers were identified and
removed using the MR-PRESSO outlier test, thereby enhancing the
results’ accuracy and reliability.

Statistical and Sensitivity Analysis

The primary analysis was conducted using the Inverse Variance
Weighted (IVW) method, widely recognized for providing the most
robust results under all conditions when horizontal pleiotropy is
absent [19]. Complementary analyses included the Weighted Medi-
an (WM) method and MR-Egger regression [20]. Assessment for po-
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tential horizontal pleiotropy was conducted through the MR-Egger
intercept test; deviations of the intercept from the origin with a sig-
nificance threshold of p<0.05 suggested potential horizontal plei-
otropy [21]. Heterogeneity among studies was evaluated using Co-
chran’s Q test, with heterogeneity indicated if p<0.05, necessitating
using a random-effects model for analysis [22, 23]. To ensure result
reliability, a leave-one-out approach (Loo) was employed, sequen-
tially excluding each independent instrumental variable (IV), fol-
lowed by Bonferroni correction (corrected P value: 0.05/9 = 0.006)
[24,25]. Findings were deemed statistically significant if p<0.006;
p values between 0.006 and 0.05 suggested a possible significant
causal relationship [26,27]. Additionally, funnel plots were utilized
to visually represent results [28]. The robustness and reliability
of findings were further verified through the MR-PRESSO global
best [29]. The Steiger directionality test was conducted to ensure
the correct assessment direction of a causal relationship [30]. The
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two-sample Mendelian randomization study was conducted using
the Two Sample MR 0.6.2 package, operating within the R version
4.3.3. environment.

Results

This study initially analyzed the causal relationship between the
primary helicobacter pylori dataset (GWAS ID: ukb-b-531) and ITP.
The results indicated that assessments using the [IVW method (OR:
2.33x105,95% CI: 3.85x10-15-1.41x1025, P = 0.595), WM method
(OR: 6.44 x 10-7, 95% CI: 3.47x10-32-1.20 x1019, P: 0.631), and
MR-Egger (OR 1.20x10-133, 95%CI: 0.00-4.76x10157, P: 0.380) all
showed no causal association between helicobacter pylori and ITP
(Figure 1). Repeated MR analyses using two additional summary
statistics for Hp also yielded consistently negative results (Figure
1). Furthermore, no causal relationship was found between all six
Hp immunogenic protein molecules and ITP (Figures 1&2).

Assumption 2

Instrument variable
ENPs

|

OMPUREA,Vach,

Catalase, Cagh) | F)

ey |

6! Analysis MW, WM, h‘;h
Egger

Sensitivity analysis
MR-Egger intercept test, '
Cochran's  test, funnel plat, I
leave-one-out anatysts, '
Steiger direcbonality test,

MR-PRESS0. Bonferroni

correction, rephcation

s /

Figure 1: Overview of the study design. SNP, single nucleic polymorphism; ITP, idiopathic/immune thrombocytopenic purpura.
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Figure 2: Forest plots for the causality of Hp, GroEL, OMP, UREA, VacA, catalase, and CagA on ITP. ITP, idiopathic/immune thrombocytopenic
purpura; OR, odds ratio; SNP, single nucleic polymorphism; Ab, antibody; 95%Cl, 95% Confidence interval.

All funnel plots exhibited a symmetric pattern of effect size
variability around the point estimates (Figure 3). Cochran’s Q test
indicated no heterogeneity in the instrumental variable effects
for the primary Hp dataset (Q_Pval: 0.311) and two additional Hp

datasets (Q_Pval is 0.064 and 0.051 respectively) (Table 2). Among
Hp's six immunogenic protein molecules, only UREA exhibited het-
erogeneity (Q_Pval: 0.049), necessitating using a random-effects
model for analyzing this particular protein (Table 2). Furthermore,
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all MR-PRESSO Global test P values exceeding 0.05 suggest the ab-  instrumental variable (Table 2). The Steiger directionality test re-
sence of horizontal pleiotropy. All leave-one-out analysis P values sults confirmed the correctness of the assessment direction (Table
above 0.05 indicate that causal effects were not driven by any single ~ 2).

Table 1: Details of the GWASs included in this study.

Trait Year Population Sample Size Number of SNPs GWAS ID
Helicobacter pylori 2018 European 4,62,933 98,51,867 ukb-b-531
Antl-ﬂellcobacter 2021 European 4,683 72,47,045 ieu-b-4905

pylori IgG levels
Anti-helicobacter ebi-a-
pylori IgG 2020 European 8,735 91,70,312 GCST90006910
ser0p051t1v1ty
Helicobacter pylori ebi-a-
GroElLeizlt;body 2020 European 2,716 91,72,299 GCST90006913
Helicobacter pylori ebi-a-
OMPlea‘?(;clleody 2020 European 2,640 91,67,440 GCST90006914
Helicobacter pylori ebi-a-
URE?ez:\/r;Ebody 2020 European 2,251 91,70,248 GCST90006915
Helicobacter pylori ebi-a-
Vacﬁ:vnetllsb ody 2020 European 1571 91,78,635 GCST90006916
Helicobacter pylori ebi-a-
Catalalseevzilstlbody 2020 European 1,558 91,67,570 GCST90006912
Helicobacter pylori ebi-a-
CagAlglnetlleody 2020 European 985 91,65,056 GCST90006911
Table 2: Heterogeneity and sensitivity analysis.
Exposure Heterogeneity Test MR-Egger PRESSO Steiger 0
Traits (ITP as P Global Directionality 00
Outcome) Q Q.df P Value Intercept SE Value Test(P) Test (»)
Hp 23.646 21 0311 0.161 0.173 0.361 0318 TRUE 0.595
Antiilp 186 18.826 11 0.064 -0.03 0089 | 0.743 0.071 TRUE 0.485
Anti-Hp 1gG 16.836 9 0.051 -0.095 0.138 051 0.063 TRUE 0.936
seropositivity
Hp fer‘j’st Ab 67.863 70 0.55 -0.003 0.021 0.873 0.536 TRUE 0.105
leg‘l:g;Ab 10.601 8 0.225 0.014 0.088 0.877 0.22 TRUE 0171
Hp 1[(135511: Ab 16.953 9 0.049 -0.081 0.101 0.447 0.06 TRUE 0.136
le‘e’f/g‘sAb 1036 14 0.735 -0.05 0053 | 0.359 0.732 TRUE 0.418
Hp Catalase
6.53 8 0.588 0.009 0.055 0.879 0.597 TRUE 0.238
Ab levels
Hp CagA Ab 15.775 13 0.261 -0.01 0063 | 0873 0.264 TRUE 0.802
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Discussion

In this study, we employed Mendelian randomization to inves-
tigate the causal relationship between Helicobacter pylori (Hp)
infection and immune thrombocytopenia. Our findings suggest
no causal association between Hp and the risk of developing ITP.
To ensure robustness, we conducted two independent validations
using additional Hp GWAS datasets, all of which corroborated our
initial results. Furthermore, our analysis did not reveal any causal
relationship between six immunogenic proteins (GroEL, OMP, VacA,
UREA, catalase, and CagA) of Hp and ITP.

Previous studies have reported conflicting results on this topic.
For instance, a retrospective study by Dogan et al. in Turkey found
no significant difference in the response to first-line ITP treatment
between Hp-positive and Hp-negative patients (p=0.283) [5]. Con-
versely, recent research by Tabata et al. in Japan demonstrated that
among ITP patients receiving platelet transfusion therapy, those
who were Hp-positive exhibited significantly better treatment
outcomes than Hp-negative patients (p=0.015) [6]. A prospective
study by Hwang et al. in Korea indicated that Hp eradication was
associated with higher platelet counts compared to non-eradicat-
ed cases with ITP, suggesting a potential link between Hp infection
status and ITP treatment efficacy. These findings underscore the
contentious nature between Hp infection and ITP [31].

It is important to note that previous studies have primarily re-
lied on observational studies with limited sample sizes. Observa-
tional studies, by their nature, can establish associations but cannot
definitively establish causation and may be subject to confounding
factors [32]. In contrast, Mendelian randomization offers a robust
framework for assessing causality by leveraging genetic variants
as instrumental variables, thereby minimizing biases inherent in
observational studies. Our study findings support no direct causal
relationship between Hp and ITP. However, observational studies
have suggested a relationship between Hp eradication and treat-
ment outcomes in ITP, which may be influenced by several factors.
Firstly, potential confounding factors in observational studies, such
as uncontrolled environmental or lifestyle factors, could create
spurious associations between Hp infection and ITP. For instance,
Payandeh, et al. studied 41 ITP patients after controlling for con-
founders and found minimal clinical response following Hp eradi-
cation [33]. Secondly, reverse causality might also play a role in ob-
servational studies, where ITP patients could be more susceptible
to Hp infection due to immune system dysregulation, exacerbated
by steroid treatment, which lowers immune function and facilitates
Hp colonization [34]. Mendelian randomization, utilizing genetic
markers as instrumental variables, helps mitigate the influence of
reverse causality. Lastly, the complexity of biological mechanisms
could contribute to observed association in observational studies.
Hp infection may affect the immune system through various mech-
anisms, potentially triggering ITP in specific individuals or condi-
tions. These intricate biological pathways, detectable in observa-
tional studies, may not be identified in Mendelian randomization
due to its stringent causal inference requirements. For example,
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Takahashi, et al. found cross-reactivity between Platelet-associated
immunoglobulin (PAIgG) and Hp CagA protein, suggesting that mo-
lecular mimicry of Hp CagA may play a crucial role in the pathogen-
esis of chronic ITP by mimicking unknown platelet antigens [35].

Our research represents the first MR study worldwide explor-
ing the causal relationship between Hp and ITP. This approach
offers distinct advantages by minimizing confounding factors and
potential reverse causation, providing robustness to our findings.
Furthermore, using multiple Hp protein variants as instrumental
variables enhance the comprehensiveness of our investigation. This
conclusion holds true across various analyses, including examining
causal links between six Hp proteins and ITP. Our results clarify the
previous conflicting findings regarding the causal association be-
tween helicobacter pylori and ITP risk [5,6,36]. By employing MR,
we contribute to the existing literature by providing rigorous evi-
dence that challenges previous observational studies suggesting a
causal link.

Several limitations warrant discussion. Firstly, the study sam-
ples were drawn exclusively from the European population, whose
genetic structure and environmental background may differ from
other ethnic groups, thus potentially limiting the generalizability
of the study findings across diverse populations. Nevertheless, the
inclusion of European samples is advantageous due to their robust
genetic diversity and the availability of genome-wide association
study data, which enhances the feasibility of conducting Mendelian
randomization studies within this population. Additionally, insights
into the biological mechanisms and genetic markers possibly link-
ing Hp infection with ITP in European populations hold significant
relevance for understanding this relationship more broadly. There-
fore, it does not diminish the scientific contribution and broader
applicability of this study in elucidating the association between Hp
infection and ITP. Secondly, MR is a powerful methodological ap-
proach that utilizes genetic variants as instrumental variables to as-
sess causal relationships. However, horizontal pleiotropy is a com-
mon issue in MR analysis. If present, horizontal pleiotropy violates
the core assumption of MR analysis and may introduce bias into
study results. In this study, the authors employed several methods,
including the MR-Egger intercept test, funnel plot analysis, Leave-
one-out analysis, and MR-PRESSO, to confirm the absence of hor-
izontal pleiotropy. These rigorous analyses bolster the reliability
of the study’s conclusions. Finally, the sample sizes of Hp-related
proteins used as instrumental variables for exposure factors in this
study are relatively small. However, Hp was the primary exposure
factor under investigation, with Hp-related proteins mainly used
for supplementary analysis. Additionally, although the sample sizes
of Hp-related proteins are not very large, we could still obtain a suf-
ficient number of SNPs, thus minimizing the impact on our results.

Conclusion

In conclusion, our study does not support a causal relation-
ship between Hp infection and immune thrombocytopenia. Mov-
ing forward, advancements in genomic sequencing technologies
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and broader GWAS datasets will be instrumental in refining our
understanding of the complex interplay between Hp infection and
immune-related disorders like ITP. Continued research efforts, in-
cluding multicenter studies with longitudinal designs, are essential
for elucidating the true nature of these relationships and informing
clinical practice.
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