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Abstract

Background Helicobacter pylori (Hp) infection and metabolic syndrome (MetS) have a high prevalence of
co-morbidities and both pose a significant threat to human health and survival. It has been suggested that Hp
infection affects the development of MetS in the host, but the causal relationship between the two has not been
confirmed.

Methods We conducted a two-sample Mendelian randomization study to investigate the causal effect of Hp
infection with MetS and its components. Summary statistics for exposure factors (Hp infection) were obtained from
the GWAS Catalog (anti-Hp IgG, n=8,735; Hp VacA antibody levels, n=1,571; Hp GroEL antibody levels, n=2,716;

Hp OMP antibody levels, n=2,640). Summary statistics for outcome factors (MetS) were obtained from the most
comprehensive genome-wide association study (GWAS) currently available (n=291,107) as well as from the
components of MetS: fasting glucose (n=46,186), hypertension (n=461,880), serum triglycerides (n=115,082), waist
circumference (n=21,949), and high-density lipoprotein (=400, 754). The inverse-variance weighted (IVW) method
was used as the primary MR method and the robustness of the results was assessed through sensitivity analyses.

Results MR analysis showed that anti-Hp IgG levels were positively correlated with waist circumference (3=0.08,
P=0.012), and GroEL antibody levels showed an opposite correlation with HDL levels (3=-0.03, P=0.025) and TG
(B=0.02, P=0.045). In contrast, OMP antibodies levels were positively correlated with both HDL and FBG (3=0.064,
P=0.037 and =0.09, P=0.003). In the estimation of IVW as the main causal method, VacA antibody level was
positively associated with hypertension level and negatively associated with TG (3=0.02, P=0.008 and 3= -0.02,
P=0.007). Meanwhile, the results of sensitivity analyses showed no heterogeneity or significant level pleiotropy.
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Conclusions Our study suggests that there is a causal effect between Hp infection and Mets diagnosis and its
composition, and further studies are needed to understand the mechanism of its influence.

Keywords Metabolic syndrome, Helicobacter pylori infection, Intestinal flora imbalance, Causal associations,

Mendelian randomization

Introduction

The World Health Organization (WHO) defines metabolic
syndrome (MetS) as a group of metabolic disease syn-
dromes including elevated blood pressure, elevated blood
glucose, abnormal glucose tolerance, hyperinsulinemia,
hypertriglyceridemia, lowered high-density lipoprotein, and
central obesity [1-3]. MetS is a useful theme that empha-
sizes the pathological state of metabolic abnormalities in
various components of the body as a generalized and eco-
nomical holistic concept for the diagnosis and treatment of
a group of highly relevant diseases. The results of a recent
Meta-analysis of the prevalence of MetS in 28 million adults
worldwide showed that the global prevalence of MetS is
largely distributed between 12.5% and 31.4% [4], even if lim-
ited by differences in diagnostic criteria between regions.
Moreover, the prevalence of metabolic syndrome continues
to increase year by year as the economy improves and peo-
ple’s lifestyles change [5]. The danger of metabolic syndrome
increases the risk of developing diabetes and coronary heart
disease and other cardiovascular diseases significantly,
which seriously affects the quality of people’s survival [6].
Therefore, the etiology and risk factors of MetS should be
explored in order to develop pharmacological treatment or
lifestyle intervention strategies.

H. pylori, as a class I carcinogen, is a common bacterium
that colonizes the stomach. It has become a medical con-
sensus that Hp infection causes gastrointestinal diseases [7].
However, in recent years, some studies have shown that Hp
is also involved in the process of occurrence and develop-
ment of many extra-gastrointestinal diseases [8]. H. pylori
parasitization in the digestive system not only induces local
inflammatory responses, but also leads to the body being
in a state of chronic inflammation, and may lead to disor-
ders of lipid metabolism in the host [9]. Meanwhile, Hp
also induces macrophage and neutrophil aggregation and
phagocytosis in the gastric mucosa of the host, which affects
the health of the organism through immune pathways and
intestinal flora dysregulation [10-12]. Increasing evidence
suggests that MetS as a systemic disease and Hp infection
may be intricately linked, and this close association has
prompted us to explore the causal relationship between the
two and their pathogenesis.

The overlap between the diagnosis of Hp infection and
the diagnosis of MetS is common, with a high chance of
co-morbidity, which confirms their association. Among
the multiple methods of association studies, randomized
controlled trial (RCT) has a higher level of evidence but is
more difficult to achieve. Observational studies suffer from

confounding factors and causal inversion, and inferring dis-
ease causality is often limited. Therefore, causal associations
between exposure factors ( or interventions) and disease
outcomes need to be inferred with the help of appropriate
causal models. Mendelian randomization (MR) is an infer-
ential method based on genetic variation that uses single
nucleotide polymorphisms (SNPs) as instrumental variables
(IVs) to reveal causal relationships [13]. The basic princi-
ple is to utilize the influence of genotype on phenotype in
nature to infer the influence of biological factors on disease
[14]. Among other things, genotypes are randomly assigned
and independent of other confounding factors, overcoming
the biases induced in observational studies and providing an
effective way to address the above issues.

Materials and methods

Study design

We conducted a two-sample Mendelian randomization
study to investigate the causal association between Hp
infection and MetS and its components. To accurately dem-
onstrate causal effects, MR relies on three key assumptions:
(1) the assumption of association: selected instrumental
variables (IVs) are highly correlated with our exposure fac-
tor of interest (Hp infection); (2) the assumption of inde-
pendence: included I'Vs are not associated with confounders
of the exposure-outcome association; and (3) the assump-
tion of exclusionary restrictions: IVs modify outcomes only
through their effect on Hp infection, i.e., there is no hori-
zontal pleiotropy. We obtained summary-level data on Hp
infection and MetS from genome-wide association studies
(GWAS). To improve the accuracy and standardization of
the study, we strictly followed the guidelines of Strengthen-
ing the Reporting of Observational Studies in Epidemiol-
ogy using Mendelian Randomization (STRBOE-MR) for
reporting study results [15]. All GWAS studies included in
the analysis were approved by the relevant ethical review
boards, so no additional ethical approval was required. The
flowchart of the MR study design is shown in Fig. 1 below.

Data sources

The diagnosis of Hp infection relies on a variety of invasive
(endoscopy) and non-invasive diagnostic methods (urea
breath test, serologic tests, gastric fluid PCR test) [16]. In
most cases, the choice of diagnostic method depends on
the clinical information sought as well as the availability and
clinical cost of the test to the patient. Among them, sero-
logic tests, which are not affected by ulcer bleeding, gastric
atrophy and proton pump inhibitor (PPI) or antibiotic use,
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Fig. 1 Flowchart of the design of the MR study

have a high diagnostic sensitivity and are commonly used
in epidemiologic investigations. According to the study, Hp
IgG antibody in serum is the main diagnostic indicator with
a sensitivity of about 0.94 and high diagnostic accuracy [17].
In addition, Epplein et al. identified the other four serologic
antibodies with the highest sensitivity associated with H.
pylori infection as VacA antibodies (sensitivity: 100%; 95%
CI: 84-100%), followed by GroEL (sensitivity: 95%; 95% CI:
76-100%), HcpC (sensitivity: 80%; 95% CI: 57 -82%) and
HP1564 (sensitivity: 75%; 95% CI: 53-59%) [18]. Unfortu-
nately, we did not find any GWAS data related to HcpC and
HP1564 antibodies. Therefore, the final available indicators
related to Hp infection include anti-H. pylori IgG, VacA,
GroEL, and OMP antibody levels.

We obtained estimates of genetic associations for Hp
infection from the latest GWAS study on genetic determi-
nants of infectious agents [19]. Briefly, UKB recruited over
half a million UK adults between 2006 and 2010, with a sub-
sample of 9724 participants providing serum samples for
serologic measurements of 20 different microorganisms.
Finally, of the 20 original pathogens, they selected those
with a seropositivity rate of >15% as GWAS.

Summary-level data for MetS were obtained from the
most comprehensive GWAS available from the UK Biobank
[20]. The data relate to a comprehensive GWAS analysis of
the metabolic syndrome and include information on a total
of 291,107 cases (59,677 cases and 231,430 controls). Corre-
spondingly, the definition of MetS in the Joint Interim State-
ment of the International Diabetes Federation’s Task Force
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on Epidemiology and Prevention was used in this study [21].
In order for a participant to be classified as having MetS,
at least 3 of the following 5 criteria should be fulfilled: (i)
serum glucose>6.1 mmol/L or antidiabetic treatment; (ii)
blood pressure>130/85 mmHg or antihypertensive treat-
ment; (iii) serum triglycerides>1.7 mmol/L; (iv) waist cir-
cumference>102 cm in men and >88 ¢cm in women; and (v)
HDL-cholesterol<1.0 mmol/L in men and <1.3 mmol/L in
women.

Data sources and genetic associations for MetS interpre-
table components: Summary-level data on fasting glucose
characteristics were obtained from the large-scale meta-
analysis study of the Meta-analyses of Glucose and Insulin-
Related Traits Consortium (MAGIC). They meta-analyzed
approximately 25,000 directly genotyped or imported auto-
somal snp from 21 GWAS, comprising a total of 46,186
non-diabetic individuals of European ancestry [22]. For
waist circumference, we extracted summary statistics from
the GWAS study on overweight and obesity conducted by
Wong et al. which included a total of 21.987 subjects [23].
We also obtained summary level data for HDL, TG and
hypertension from other studies [24—26]. Their data sources
were all from the UK Biobank, so we downloaded the
required information from the GWAS Catalog (https://ww
w.ebiac.uk/gwas/). The specific details and characteristics
of all the above data are shown in Table 1.
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Table 1 Details of data included in Mendelian randomization

Phenotype GWAS ID Year Sample size Number of SNPs Ethnicity Author

anti-Hp 1gG seropositivity GCST90006910 2020 8735 9170,312 European Butler-Laporte G
Hp VacA antibody levels GCST90006916 2020 1571 9178,635 European Butler-Laporte G
Hp GroEL antibody levels GCST90006913 2020 2716 9172,299 European Butler-Laporte G
Hp OMP antibody levels GCST90006914 2020 2640 10,096,615 European Butler-Laporte G
MetS GCST009602 2019 291,107 9463,307 European Lind L

FBG GCST000568 2010 46,186 2,445,760 European Dupuis J
Hypertension GCST90044351 2021 461,880 9,851,867 European Jiang L

TG GCST90092854 2022 115,082 11,590,399 European Richardson TG
Waist circumference GCST90103753 2022 21,949 6,370,138 East Asian Wong HS

HDL-C GCST90025956 2021 400,754 4,218,934 European Barton AR

Genetic instrumental variable selection
IVs associated with exposure and outcome should meet
the following requirements: (1) Single nucleotide polymor-
phisms (SNPs) potentially associated with exposure were
extracted using P<1x107° as the significance threshold
screening condition. (2) To fulfill the above assumptions, we
set the chain imbalance coefficient R2=0.01 and the region
width as kb=10,000 to remove the chain imbalanced SNPs.
(3) To prevent the influence of alleles on the outcome of
causality between Hp infection and MetS, palindromic and
incompatible SNPs were excluded. (4) The F-statistic was.
calculated to assess the strength of the IVs using the for-
mula, F statistic = (N*% 1?12?2 ,  F-statistic>10
(excluding SNPs with weak corrélation) [27]. SNPs that were
independent of each other and significantly correlated with
the four antibody levels were finally obtained as the final
IVs.

MR analysis and sensitivity analysis

The MR analysis in this study was run by using the
TwoSampleMR algorithm package in an environment based
on R Studio analysis software, version R 4.4.1. MR analysis
was performed using inverse variance weighted (IVW), MR
Egger, Weighted median, Weighted mode, and MR Egger
(bootstrap) as analytical methods. Among these meth-
ods, IVW is generally recognized and used because it cal-
culates a weighted average of the effect sizes of all IVs, and
the results obtained through the IVW method are relatively
reliable. MR Egger, Weighted median, and Weighted mode
are also widely used as default methods. MR Egger (boot-
strap) method is used as the MR Egger method’s bootstrap
version, can be used to improve the stability of the estima-
tion. Ultimately, we judged whether the causal association
between exposure and outcome was significant by looking
at the magnitude of the p-value, with a difference of p<0.05
being considered statistically significant [28]. Heterogeneity
between IVs was assessed by Cochran’s Q test, with P<0.05
suggesting significant heterogeneity. MR Egger regres-
sion was used to test for the presence of horizontal pleiot-
ropy. The intercept in Egger regression is a useful indicator
of whether the results of the MR analysis are affected by

horizontal pleiotropy, and an intercept not equal to zero
indicates the presence of overall horizontal pleiotropy [29].
Sensitivity analyses were performed using the “leave-one-
out” method, where all SNPs were removed one by one, and
the effect values resulting from the remaining SNPs were
calculated and analyzed. Sensitivity was indicated if one of
the SNP removals had a significant effect on the results [30].

Results

Selection of instrumental variables

In total, we screened 81 independent SNP instrumen-
tal variables and finally selected 70 usable SNPs. For MR
analysis, the SNP effect on exposure and the SNP effect on
outcome had to correspond to the same allele. After harmo-
nizing exposure and outcome data and removing duplicate
and palindromic SNPs, anti-Hp IgG and waist circumfer-
ence, GroEL levels and HDL and TG, OMP levels and HDL
and FBG, VacA levels and hypertension levels, and TG with
4, 5,16, 3, 5,22, and 15 instrumental variables, respectively.

Results of causal effects between Hp infection and MetS
and its components

In the estimation of IVW as the main causality method,
there was a causal relationship between VacA antibody level
and hypertension level ($=0.02, P=0.008), with an increase
of 0.02 standard deviation in hypertension level for each
standard deviation increase in VacA antibody level. Also,
the results showed that VacA antibody levels were nega-
tively correlated with TG (B= -0.02, P=0.007). MR Egger
(bootstrap) analysis showed that anti-Hp IgG levels were
positively correlated with waist circumference ($=0.08,
P=0.012), and GroEL antibody levels were positively cor-
related with HDL levels (B= -0.03, P=0.025) and serum
triglycerides showed an opposite correlation (3=0.02,
P=0.045). Moreover, OMP antibody levels showed positive
correlation with both HDL level and fasting glucose level
(B=0.064, P=0.037 and p=0.09, P=0.003). The forest plot of
the positive MR results for the causality between Hp infec-
tion and Mets and its composition is shown in Fig. 2 below.
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Positive MR results of the causal relationship between Hp infection and MetS and its components.
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Sensitivity analysis

No significant heterogeneity (P>0.05) was observed in
any of the Cochran Q-test results, which are presented
in Supplementary Material 1. The intercept values of the
MR Egger analysis results were —0.007, 0.019, -0.029,
0.03, 0.003, 0.001, and —0.002. The above intercepts were
close to 0, and the concomitant non-significant P-values
indicate that there is no horizontal multicollinearity in
the aforementioned there is no horizontal pleiotropy in
the causal relationship. The scatterplot demonstrated
the causal relationship between Hp infection and MetS
and its components (Fig. 3). In addition, “leave-one-out”
method was used to visually assess the results obtained.
Specifically, we examined the results of the analysis of the
remaining SNPs after removing each SNP one by one,
which basically showed negligible fluctuations, confirm-
ing the stability and reliability of the results.
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Discussion
In this two-sample MR study, we utilised large-scale and
representative GWAS summary statistics to investigate
the causal relationship between Hp infection and MetS
and its explainable components. Notably, before translat-
ing these associations into evidence for clinical practice,
it is crucial to further investigate the causal mechanisms
behind both. Several previous studies have demonstrated
an association between Hp infection and MetS and its
interpretable components (MetS and metabolic conpo-
nents), but the results have been mixed and the causal
links and directions remain to be.

confirmed [31, 32]. For example, Hp infection was sig-
nificantly associated with MetS and DM in the study by
Chen et al. After a period of follow-up, they emphasised
even more the possibility of a high risk of DM events
in Hp-infected individuals. In particular, people with
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Fig. 3 Scatterplot of the causal relationship between Hp infection and MetS and its components
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different endoscopy findings also showed a correlation
with cardiometabolic disease [33].

In addition, several observational studies have reported
associations between serological indicators of Hp infec-
tion and MetS and its components. A study of the rela-
tionship between Hp infection and MetS conducted on
21,106 subjects in South Korea showed that anti-Hp IgG
seropositivity participants had significantly higher body
mass index (BMI), and waist circumference than sero-
negative participants (2<0.05), which is consistent with
the results of this study [34]. Not coincidentally, previ-
ous studies have shown that positive serological mark-
ers of Hp infection were significantly associated with
higher systolic blood pressure (3=1.03, P=0.014) and
lower HDL levels (B= -2.00, P<0.001). Our results are
consistent with these findings suggesting that Hp infec-
tion contributes to the development and progression of
extragastrointestinal diseases [35]. Mechanistically, Hp
infection causes an increase in the expression of host
inflammatory factors such as interleukin (IL) and tumor
necrosis factor- a (TNF-a), which puts the body in a
chronic mild inflammatory state. Under the stimulation
of IL-6 and TNF-a, C-reactive protein (CRP) is syn-
thesised by liver and adipocytes, and CRP accordingly
increases the production of monocyte chemoattractant
protein-1 (MCP-1) [36]. And MCP-1 is a pro-inflamma-
tory chemokine associated with diseases such as obesity,
diabetes and cardiovascular diseases, which consequently

causes disease development and dyslipidaemia, which is
also reflected in increased body mass index, waist cir-
cumference [37].

Our study showed a causal link between Hp infection
and the components of MetS, but we did not reach a
statistically significant result for the idea that Hp infec-
tion has a direct causal relationship with the diagnosis of
MetS (anti-Hp IgG seropositivity levels-MetS, P=0.065).
This does not affect our understanding of the association,
and the reason for the negativity suggests that these SNP
tools may not be an optimal alternative to MR analysis.
For factors influencing the development of MetS, previ-
ous studies have found associations with gender, lifestyle,
exercise, and eradication of Hp infection [38-40]. In
a multicentre randomised controlled trial by Liou et al.
there was a significant improvement in metabolic indices
after Hp eradication, with a decrease in insulin resistance,
triglycerides and LDL, and an increase in HDL, although
there was a slight increase in BMI. In addition to the pos-
itive effects on metabolic parameters, eradication of H.
pylori infection had minimal disruption of the microbiota
and no effect on antibiotic resistance. Their conclusions
provide evidence-based support for the long-term safety
of Hp eradication therapy and are favourable for further
research on MetS and risk factors for Hp infection.
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Limitations

Our study is valid in that it highlights the fact that there
is a correlation between Hp infection and MetS and its
components and focuses our attention on this issue.
Despite our fruitful discussion, our study has some limi-
tations. Firstly, our use of serological indicators such as
IgG, VacA, GroEL, and OMP to represent Hp infection
is limited and further studies using histological or other
indicators are needed in the future. Second, although the
above metrics were derived from the most comprehen-
sive GWAS analysis currently available for Hp infection,
we chose a more lenient criterion (P<1x107°) in the
significance threshold section to obtain a positive result
because of the relatively small number of patients, and
this adjustment introduced some bias into our study. In
addition, we acknowledge that there may have been over-
lap between the sample participants for exposure and
outcome, but we attempted to reduce the bias present by
having a larger IV, with all F-statistics in the study>10.
Finally, it should be recognised that the conclusions
reached in the present study have not been externally val-
idated in any clinical setting, and that further substantial
studies are still required to provide the link between Hp
infection and the MetS and its components Evidence of
association.

Conclusion

To our knowledge, this is the first MR study aimed at
investigating the causal relationship between Hp infec-
tion and MetS diagnosis. And, we had a fruitful discus-
sion. Our study demonstrated a causal relationship
between Hp infection and MetS and its components,
which may occur through a variety of mechanisms such
as inflammatory immune response and microbiota dys-
biosis. Further studies are needed in the future to under-
stand the influencing mechanisms.
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