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The causal association between Helicobacter pylori and esophageal cancer: a Mendelian

randomization study
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[Abstract] Objective: To explore the potential causal relationship between Helicobacter pylori (HP) infection and esophageal cancer
(EC). Methods: The analysis incorporated genome-wide association study (GWAS) data with HP infection as the exposure and EC as
the outcome. A variety of Mendelian randomization (MR) methods were utilized, including inverse - variance weighted analysis,
weighted median, MR - Egger, Simple mode, and Weighted mode to investigate the association between HP and EC. Additionally,
Bayesian-weighted MR was introduced and the results were corrected using the false discovery rate (FDR) to enhance precision. The
study also involved outlier detection, heterogeneity testing, sensitivity analysis, and pleiotropy assessment, as well as removing single

nucleotide polymorphisms (SNP) potentially affected by confounding factors. For results that were particularly contentious, a meta -
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analysis was performed to provide a broader perspective. Potential reverse causation was assessed using Steiger testing and reverse MR.
Furthermore, linkage disequilibrium score regression (LDSC) was utilized to evaluate the genetic correlation between HP and EC.
Results: The comprehensive analyses showed that both traditional two-sample MR and Bayesian-weighted MR after FDR correction
indicated no statistically significant causal association between HP and EC (P > 0.05). No pleiotropy was evident (P > 0.05) , and the
robustness of the results was confirmed by the leave-one-out test. However, genetic correlation analyses of anti-HP IgG serum positivity
and HP GroEL antibody levels suggested a potential genetic link with esophageal adenocarcinoma (P < 0.05). Conclusion: Despite the
use of advanced statistical methodologies, the current evidence is insufficient to support a definitive causal association between HP and
EC. This finding underscores the need for larger-scale GWAS data and more detailed subtype-specific analyses to further explore the
association between these two conditions. Future research should include a broader range of populations and geographical areas to

enhance the generalizability and applicability of findings, while also investigating the specific impacts of different HP strains and

possible biological mechanisms, providing a stronger scientific support for the prevention and treatment of EC.
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Table 1 Summary of the GWAS included in this two-sample MR study
Sample SNP
Variable GWASID Year Trait Population
number  number
Helicobacter pylort ukb-b-531 2018 Non - cancer illness code, self-re- 462933 9851867 European
ported Helicobacter pylori

Anti - Helicobacter pylori ieu-b-4905 2021 Anti-Helicobacter pylori 1gG levels 4683 7247045 European
IgG levels
Anti - Helicobacter pylori ebi-a-GCST90006910 2020 Anti - Helicobacter pylori 1gG sero- 8735 9170312  European
IgG seropositivity positivity
Anti - Helicobacter pylori  ebi-a-GCST006363 2018 Anti-Helicobacter pylori 1gG levels 175 5278042 European
IgG levels
Helicobacter pylori GroEL ebi-a-GCST90006913 2020 Helicobacter pylori GroEL anti- 2716 9172299  European
antibody levels body levels
Helicobacter  pylort  OMP  ebi-a-GCST90006914 2020 Helicobacter pylort OMP antibody 2640 9167440 European
antibody levels levels
Helicobacter pylori urease ebi-a-GCST90006915 2020 Helicobacter pylort UREA anti- 2251 9170248 European
antibody levels body levels
Helicobacter pylort  VacA ebi-a-GCST90006916 2020 Helicobacter pylori VacA antibody 1571 9178 635 European
antibody levels levels
Helicobacter pylori catalase ebi-a-GCST90006912 2020 Helicobacter pylori Catalase anti- 1558 9167570 European
antibody levels body levels
Helicobacter pylori CagA ebi-a-GCST90006911 2020 Helicobacter pylori CagA antibody 985 9165056 European
antibody levels levels
Oesophageal cancer ieu-b-4960 2021 Oesophageal cancer 372756 8970465 European
Esophageal cancer ebi-a-GCST90018841 2021 Esophageal cancer 476 306 24194380 European
Esophageal adenocarcinoma  ebi-a-GCST003739 2016 Esophageal adenocarcinoma 21271 12911041 European
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1 FHEARMREE
Figure 1 Model of the two-sample MR analysis
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A: Manhattan plot shows the chromosomal location of SNPs and their associated P-values. B: SNP density plot shows the distribution of SNPs

across chromosomes. C: QQ plot shows the consistency between observed SNPs and expected distributions.
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Figure 2 SNP positions and P values in the ieu-b-4960 dataset
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A: Manhattan plot shows the chromosomal location of SNPs and their associated P-values. B: SNP density plot shows the distribution of SNPs

across chromosomes. C: QQ plot shows the consistency between observed SNPs and expected distribution.
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Figure 3 SNP positions and P values in the ebi-a-GCST90018841 dataset
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Figure 4 SNP positions and magnitude of P in the ebi-a-GCST003739 dataset

Exposure P value OR(95%CD Adjust P Q_pval  Pleiotropy_pval !
ebi-a-GCST006363 04836  0.9999(0.999 5-1.0003)  1.0000 0.294 8 0.467 3 0
ebi-a-GCST90006910  0.5351  0.999 5(0.998 0-1.001 0>  0.9631 0.6056 0.529 5 0
ebi-a-GCST90006911 0497 1 1.000 1€0.999 9-1.0003)  1.0000 0.4782 0.670 0 |
ebi-a-GCST90006912  0.5692  0.999 9(0.999 6-1.0002)  0.8538  0.706 1 0.378 1 7
ebi-a-GCST90006913  0.3224  1.000 4(0.999 6-1.001 1> 1.0001  0.772 6 0.316 1 1
ebi-a-GCST90006914  0.5810  1.000 1€0.999 7-1.0005)  0.7470  0.106 4 0.4253 i
ebi-a-GCST90006915  0.9956  1.000 0€0.999 6-1.0004)  0.9956  0.028 9 0.104 7 1
ebi-a-GCST90006916  0.5202  0.999 9(0.999 7-1.0002)  1.0000  0.969 0 0.514 6 i
ebi-b-4905 0.6474  0.9999(0.999 5-1.0003)  0.7284  0.4526 0.497 1 i

0.90 0.92 0.94 0.96 0.98 1.00 1.02
OR

5 ieu-b-4960 EHFEH IVW 3% & MU R S5 R AR 45 R
Figure 5 Results of the IVW method, pleiotropy, and heterogeneity tests for the ieu-b-4960 data

Exposure P value OR(95%CD Adjust P Q_pval Pleiotropy_pval

I
i
ehi-a-GCST006363 0096  0901(0.797-1.019) 0240  0.397 0.801 —_—
ehi-a-GCST90006910  0.903  1.028(0.665-1.587) 0903  0.865 0.564 iy
ehi-a-GCST90006911 0775 0.991(0.930-1.056)  1.000  0.724 0.754 N
ehi-a-GCST90006912  0.636  1.011(0.908-1.127) 0929  0.839 0.978 -
ehi-a-GCST0006913  0.054  1.232(0.996-1.523) 0272 0.612 0.636 2
ehi-a-GCST90006914 0279 1.071(0.946-1213)  0.558  0.620 0.379 -3
ehi-a-GCST90006915  0.091  1.079(0.988-1.178)  0.305  0.531 0.103 i
ehi-a-GCST90006916 0780 0.989(0.915-1.069) 0974  0.648 0.626 g
ehi-h-4905 0005  1233(1.067-1425)  0.045 0704 0.353 : L
ukb-b-531 0650  0.001€0.001-1.128)  1.000  0.449 0.516 —t
0.5 1.0 15
OR

6 ebi-a-GCST90018841 HIIERIIVW 3%, S MR F RN &R
Figure 6 Results of the [IVW method, pleiotropy, and heterogeneity tests for the ebi-a-GCST90018841 data

2.6 K MR FHER I SNP AR T RAR G, JF ™ i 42 i) 1 AL R id 1

T D HERR s m R R BT RE M, AR ACRR ST (P<1.0x107°) A1 LD (°=0.001, kb=10 000) , £t
T K H Steiger K546, 8 ECTEARFBERZ HPAE AR ER, LI FDRFFIESE, R K EC 5 HP
NEREE, AT RIAIMR A, BIdEFESECH 2 [AMFEIEGIT R R, X —45 1A 1 3 R
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Exposure P value OR(95%CD Adjust P Q_pval Pleiotropy_pval :
ebi-a-GCST006363 0.097  0.905(0.803-1.018)  0.929 0.196 0.236 ——
ebi-a-GCST90006910 0.924 0.977(0.606-1.575) 0.924 0.640 0.067 ' L
ebi-a-GCST90006911 0.806 1.008(0.943-1.079) 0.906 0.467 0.814 l—'—'
ebi-a-GCST90006912 0.618 1.024(0.933-1.124) 0.927 0.496 0.223 ——
ebi-a-GCST90006913 0.303 0.918(0.780-1.080) 0.682 0.239 0.198 ———
ebi-a-GCST90006914 0.007 0.860(0.770-0.960) 0.064 0.960 0.827 —— !
ebi-a-GCSTO0006915  0-642  1.021€0.936-1.113)  0.825 0462 0.384 ——
ebi-a-GCST90006916 0.511 1.029(0.944-1.122) 0.920 0.078 0.607 -
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Figure 10 Results of the Bayesian weighted Mendelian randomization and FDR correction for ieu-b-4960
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Figure 14 Results of linkage disequilibrium score regression analysis
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