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Background: Recent observational studies examining the association between

totic liver disease (MASLD) have reported conflicting results. We performed a meta-
Handling Editor: Dr. Alejandro Forner analysis to quantify the magnitude of the association between H. pylori infection and
the risk of MASLD.

Methods: We systematically searched three large electronic databases to identify
eligible observational studies (published up to 30 November 2023) in which liver bi-
opsy, imaging methods or blood-based biomarkers/scores were used for diagnosing
MASLD. Data from selected studies were extracted, and meta-analysis was performed
using common and random-effects modelling. Statistical heterogeneity among pub-
lished studies, subgroup analyses, meta-regression analyses and publication bias were
assessed.

Results: A total of 28 observational studies (24 cross-sectional and 4 longitudinal

studies) were identified, including 231291 middle-aged individuals of predominantly

Abbreviations: H. pylori, Helicobacter pylori; MASLD, metabolic dysfunction-associated steatotic liver disease; NAFLD, non-alcoholic fatty liver disease; NOS, Newcastle-Ottawa quality
assessment scale; PRISMA, preferred reporting items for systematic reviews and meta-analyses; T2DM, type 2 diabetes mellitus.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

© 2024 The Authors. Liver International published by John Wiley & Sons Ltd.

Liver International. 2024;00:1-13. wileyonlinelibrary.com/journal/liv 1


www.wileyonlinelibrary.com/journal/liv
https://orcid.org/0000-0002-7271-6329
https://orcid.org/0000-0001-8909-0345
mailto:
https://orcid.org/0000-0002-4325-3900
http://creativecommons.org/licenses/by/4.0/
mailto:giovanni.targher@univr.it
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fliv.15925&domain=pdf&date_stamp=2024-04-03

MANTOVANI ET AL.

ﬂ—W] Liver

INTERNATIONAL

of MASLD.

KEYWORDS

1 | INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has become the most com-
mon cause of chronic liver disease worldwide.! The global preva-
lence of NAFLD in adults is estimated to be ~30% in the general
population,? up to nearly 65% in patients with type 2 diabetes mel-
litus (T2DM),3 and~80-85% in individuals with obesity.4 NAFLD
is closely linked with obesity, insulin resistance, metabolic syn-
drome and T2DM.! In 2023, three large multinational liver associa-
tions proposed a nomenclature change from NAFLD to metabolic
dysfunction-associated steatotic liver disease (MASLD).® Increasing
evidence shows an excellent concordance rate between NAFLD and
MASLD definitions—i.e., with over 95% of individuals with NAFLD
meeting MASLD criteria and, therefore, both definitions have su-
perimposable natural histories.®® In the past decade, it has become
increasingly evident that MASLD is a “multisystem disease”,? where
insulin resistance and related metabolic dysfunction play a patho-
genic role in the development of MASLD and its major liver-related
and extrahepatic outcomes, such as cardiovascular disease,m’11
chronic kidney disease'? and certain extrahepatic cancers, especially
gastrointestinal cancers. !>

Helicobacter pylori infection is a major health problem worldwide,
causing considerable morbidity and mortality.'> Conservative esti-
mates indicate that H. pylori infects more than half of the world's
adult population, with the highest prevalence rates in Asian coun-
tries.X® H. pylori infection is an established risk factor for peptic ulcer
disease, non-cardia gastric cancer and gastric mucosa-associated
lymphoid lymphoma that it directly promotes by inducing gastric
chronic inflammation.)” H. pylori is also associated with an increased
risk of some extra-gastric manifestations, such as cardiovascular,
neurological, haematologic and metabolic disorders.'

In recent years, the link between H. pylori infection and the risk
of MASLD has also attracted considerable scientific interest. As

Asian ethnicity (~95%). Meta-analysis of cross-sectional studies showed that H. pylori
infection was significantly associated with a small increase in the risk of prevalent
MASLD (n=24 studies; random-effects odds ratio 1.11, 95% Cl 1.05-1.18; I°=63%).
Meta-analysis of data from longitudinal studies showed that H. pylori infection was
significantly associated with an increased risk of developing incident MASLD over a
mean 5-year follow-up (n=4 studies; random-effects odds ratio 1.20, 95%CIl 1.08-
1.33; >=44%). Sensitivity analyses did not modify these results. The funnel plot did
not reveal any significant publication bias.

Conclusions: H. pylori infection is associated with a mildly increased risk of prevalent
and incident MASLD. Further well-designed prospective and mechanistic studies are

required to better decipher the complex link between H. pylori infection and the risk

Helicobacter pylori, MASLD, metabolic dysfunction-associated steatotic liver disease, NAFLD,
non-alcoholic fatty liver disease

Key points

This meta-analysis of observational studies shows that
Helicobacter pylori infection is associated with an increased
risk of having or developing metabolic dysfunction-
associated steatotic liver disease (MASLD). Further well-
designed prospective and mechanistic studies are needed
to better elucidate the possible link between H. pylori in-
fection and the increased risk of MASLD.

discussed below, there have been many observational studies of the
effect of H. pylori infection on the risk of MASLD, but these have
produced conflicting results. Thus, the association between H. pylori
infection and MASLD remains unclear.

Consequently, we undertook a comprehensive meta-analysis of
observational studies with meta-regression to investigate whether
there was effect-modification by features of metabolic dysfunction
(e.g., type 2 diabetes mellitus (T2DM), obesity or hypertension) and
also by age and sex in order to provide a quantitative estimate of the
magnitude of the association between H. pylori infection and the risk
of MASLD in adult individuals from different countries.

2 | MATERIALS AND METHODS
2.1 | Registration of review protocol

The systematic review protocol was registered in advance on
the Open Science Framework (OSF) database (registration DOI:
https://doi.org/10.17605/0OSF.I0/WBZA5). The protocol has been
performed in accordance with the Preferred Reporting Items
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for Systematic Reviews and Meta-Analyses (PRISMA)Y? and the
Meta-analysis Of Observational Studies in Epidemiology (MOSE)

guidelines.20

2.2 | Datasources and search strategy

We systematically searched PubMed, Scopus and Web of Science
from database inception to November 30, 2023, to identify eligible
observational studies examining the risk of prevalent and incident
MASLD among adult (age=18years) individuals with and without
H. pylori infection. The search-free text terms were “nonalcoholic
fatty liver disease” (OR “fatty liver” OR “NAFLD” OR “non-alcoholic
steatohepatitis” OR “metabolic dysfunction-associated fatty liver
disease” OR “MAFLD” OR “metabolic dysfunction-associated stea-
totic liver disease” OR “MASLD”) AND “Helicobacter pylori infection”
OR “Helicobacter pylori” OR “Helicobacter infection” OR “H. pylori”.
Searches were restricted to human studies, and no language restric-
tion was imposed. We also reviewed references from relevant origi-
nal papers and review articles to identify additional eligible studies

not covered by the original database searches.

2.3 | Inclusion and exclusion criteria

Eligible studies were included in the meta-analysis if they met the
following inclusion criteria: (1) observational cross-sectional and
longitudinal studies examining the association between H. pylori in-
fection and risk of MASLD (or NAFLD); (2) studies reporting odds
ratios (OR) or hazard ratios (HR) with corresponding 95% confidence
intervals (95% Cl) values for the exposure/outcome of interest; (3)
studies with sufficient data for the exposure/outcome of interest to
calculate unadjusted ORs or unadjusted HRs; (4) studies in which
the diagnosis of MASLD (or NAFLD) was based on liver biopsy, imag-
ing methods (mainly liver ultrasonography) or blood-based markers/
scores for MASLD (i.e., hepatic steatosis index, fatty liver index or
NAFLD-liver fibrosis score) and (5) studies in which the presence or
previous exposure to H. pylori infection was diagnosed using invasive
tests (endoscopic gastric biopsy) or non-invasive tests, such as sero-
logical testing (i.e., specific H. pylori 1IgG enzyme-linked immunosorb-
ent assays), 1°C-labelled or *C-labelled urea breath tests or faecal
antigen tests. The major exclusion criteria of the meta-analysis were
as follows: (1) studies published as theses, congress abstracts, case
reports, reviews, practice guidelines, commentaries or editorials; (2)
studies that did not exclude individuals with significant alcohol con-
sumption (usually defined as <20g/day for women and <30 g/day for
men) or other competing causes of chronic liver disease (e.g., viral
hepatitis, iron overload and use of potentially hepatotoxic drugs);
and (3) studies performed in the paediatric population (<18 years).
Two investigators (MGL and NB) independently reviewed the
titles and abstracts of all studies initially identified using the above-
mentioned inclusion criteria. Each study meeting the requirements
of the first-round inclusion criteria then underwent a full-text
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independent review by both investigators. Eventual disagreements
between investigators about the inclusion of eligible studies were

resolved by a third investigator (AM).

2.4 | Dataextraction and quality assessment

For each eligible study, we extracted data on study design, sample
size, publication year, study country, subjects' characteristics, meth-
ods used for the diagnosis of both MASLD and H. pylori infection,
outcome of interest, list of covariates adjusted in multivariable re-
gression analyses and follow-up duration (only for longitudinal stud-
ies). In the case of multiple publications of the same database, we
included the most up-to-date or comprehensive information.

Two investigators (MGL and NB) independently assessed the
risk of bias. Any discrepancies were addressed by a re-evaluation of
original articles by a third author (AM). For each study included in
meta-analyses, the quality assessment was performed according to
the Newcastle-Ottawa Quality Assessment Scale (NOS).? We used
a NOS scale adapted for cross-sectional studies.?! Briefly, the NOS
scale uses a star system to assess the quality of a study in three do-
mains: selection, comparability and outcome/exposure. The NOS as-
signs a maximum of five stars for selection (or four stars in the case
of longitudinal studies), two for comparability and three for outcome/
exposure. We judged studies that received an NOS score of at least

eight stars to be at low risk of bias, thus indicating the highest quality.

2.5 | Data synthesis and analysis

The outcome of interest of the meta-analysis was the presence or the
development of new cases of MASLD. The ORs (for cross-sectional
studies) or HRs (for longitudinal studies) and the corresponding 95%
Cls were considered as the effect size (ES) for all the eligible studies.
When studies had multiple adjusted regression models, we extracted
only those values reflecting the maximum extent of adjustment for
known risk factors and potential confounders. The OR/HRs of the
eligible studies were pooled, and then an overall ES estimate was
calculated using common and random-effects models.

A visual inspection of the forest plots was used to examine the
possibility of statistical heterogeneity.22 The statistical heterogene-
ity among studies was assessed by the chi-square test and the I?
statistic, which estimates the percentage of variability across studies
due to heterogeneity rather than chance alone.?® The proportion of
heterogeneity accounted for by between-study variability was as-
sessed using the |?-statistic and adjudicated to be significant if 12-
index was >50%.%

To examine the possible sources of heterogeneity among the
eligible studies and test the robustness of the associations, we con-
ducted subgroup analyses stratifying the eligible studies by study
country, diagnostic methods used for diagnosing MASLD and H. py-
lori infection, degree of statistical covariate adjustment and overall
quality of the studies by NOS scale. We also tested for the possibly
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excessive influence of individual studies using a meta-analysis
influence test that eliminated each included study one at a time.
Finally, we performed univariable meta-regression analyses to test
the association of MASLD with age, sex, body mass index (BMI),
percentage of hypertension or pre-existing T2DM. These analyses
were not performed if the total number of studies included was
less than 10.%2

The possibility of publication bias was evaluated using the funnel
plot and Begg's rank correlation test; the trim and fill method was
also used to further examine the possibility of publication bias.?* We
used R software (version 4.2.2/2022) for all statistical analyses with
the following packages: meta and metafor.

3 | RESULTS

Supplementary Figure S1 shows the PRISMA flow diagram of the
meta-analysis. After excluding duplicates, we identified 34 poten-
tially eligible studies from three large electronic databases from
the inception to 30 November 2023. After examining the full text
of these publications, we further excluded six observational stud-
ies,?>"%% because of unsatisfactory inclusion criteria or unsatisfac-
tory outcome measures (Supplementary Table S1).

The main characteristics of the observational studies included
in the meta-analysis are summarized in Table 1 for cross-sectional
studies and Table 2 for longitudinal studies. Twenty-four studies®*~>*
had a cross-sectional design, whereas four studies®®™® had a lon-
gitudinal design. Regarding the cross-sectional studies (Table 1),
twelve studies were carried out in China, two in Japan, two in the
USA, two in South Korea, one in Austria, one in Bangladesh, one in
Egypt, one in Greece, one in Guatemala and one in Iran, respectively.
MASLD was diagnosed by ultrasonography in 17 of these studies, by
vibration-controlled transient elastography (Fibroscan® with con-
trolled attenuation parameter [CAP]) in three studies, by the hepatic
steatosis index (HSI) or other blood-based scores (i.e., the fatty liver
index or NAFLD-liver fat score) in two studies, and by liver biopsy in
the remaining two studies. H. pylori infection was diagnosed by urea
breath tests in 14 studies, by blood antibodies in seven studies, by
blood antibodies and/or faecal antigen tests in one study, by endo-
scopic gastric biopsy in one study, and by endoscopic gastric biopsy
with or without faecal antigen test in one study. Only a few studies
measured serum H. pylori anti-CagA (cytotoxin-associated gene A
antigen) and/or anti-VacA (vacuolating cytotoxin A) antibodies. Ten
of these 24 cross-sectional studies obtained more than eight stars
on the NOS scale, thus reflecting a low risk of bias.

Regarding the four retrospective longitudinal studies included in
the meta-analysis (Table 2), one study was carried out in China, one
in Egypt and two in South Korea. MASLD was diagnosed by ultraso-
nography in three of these studies and by blood-based scores (he-
patic steatosis index) in one study. H. pylori infection was detected
by blood antibodies in two studies, faecal antigen tests in one study
and urea breath tests in one study. Half of these studies obtained at
least eight stars on the NOS scale, thus reflecting a low risk of bias.

3.1 | H.pyloriinfection and risk of
prevalent MASLD

Figure 1 shows the forest plot and pooled estimates of the effect of
H. pylori infection on the risk of MASLD in 24 cross-sectional stud-
ies.®1"3% Overall, these studies included a total of 209439 middle-
aged individuals (58% men; mean age 49 + 8 years; BMI 25.3 + 2.4kg/
m?; ~95% from Asian countries), 27.5% (n=62628) of whom had a
diagnosis of MASLD and 38.2% had a diagnosis of prior or active H.
pylori infection. We found that H. pylori infection was significantly
associated with a small increase in the risk of prevalent MASLD
(pooled random-effects OR 1.11, 95%Cl 1.05-1.18; I> = 63%).

Stratifying these cross-sectional studies by country, the associ-
ation between H. pylori infection and the risk of MASLD was sig-
nificant in Asian studies (n=19 studies; random-effects OR 1.11,
95%C| 1.05-1.17; ?=64%), but not in those conducted in other
countries (n=5; random-effects OR 1.48, 95%Cl .92-2.38; I*=66%)
(Supplementary Figure S2). Stratifying the studies by MASLD di-
agnosis, the association between H. pylori infection and the risk of
MASLD was significant in studies in which MASLD was detected
by liver biopsy (n=2; random-effects OR 3.15, 95%Cl 1.48-6.70;
1?=0%) or ultrasonography (n=17; random-effects OR 1.10, 95%ClI
1.03-1.18; I? = 65%) (Supplementary Figure $3). Stratifying the stud-
ies by methods used for diagnosing H. pyloriinfection, the association
between H. pylori infection and the risk of MASLD was significant in
studies where H. pylori infection was detected by urea breath tests
(n=14; random-effects OR 1.12, 95%Cl 1.05-1.20; I2=64%) and by
endoscopic gastric biopsy and/or blood antibodies (n=1; random-
effects OR 4.27, 95%Cl 1.26-14.5; I>=not determined), but not in
studies where H. pylori infection was detected by blood antibod-
ies (n=7; random-effects OR 1.08, 95%Cl .86-1.36; I>=65%), by
blood antibody with faecal antigen tests (n=1; random-effects OR
1.70, 95%Cl .79-3.65), or by endoscopic gastric biopsy only (n=1;
random-effects OR .96, 95%Cl .82-1.13) (Supplementary Figure S4).
Stratifying the studies by degree of covariate adjustments, the asso-
ciation between H. pylori infection and the risk of MASLD was sig-
nificant both in studies with varying degrees of covariate adjustment
(n=15; random-effects OR 1.12, 95%Cl 1.04-1.22; I°=67%) and in
those with no adjustment (n=9; random-effects OR 1.09, 95% Cl
1.02-1.16; I?=58%) (Supplementary Figure S5). Finally, stratifying
the studies by NOS scale, the association between H. pylori infection
and the risk of MASLD was significant both in studies with NOS <8
(n=14; random-effects OR 1.27, 95% Cl 1.01-1.58; I’=72%) and in
those with NOS 28 (n=10; random-effects OR 1.13, 95% CIl 1.04-
1.21; 1’=31%) (Supplementary Figure S6).

Only a few cross-sectional studies tested the association
between H. pylori infection and the risk of advanced MASLD.
Therefore, we decided not to perform a formal meta-analysis
to test the association between H. pylori infection and the risk
of more advanced liver disease in MASLD. Wang et al. reported
that H. pylori infection was not associated with higher ultrasono-
graphic scores of steatosis.”? In a subgroup of patients undergoing
liver transient elastography (Fibroscan® with CAP), Wernly et al.
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MANTOVANI ET AL.

(Continued)

TABLE 1

H. pylori infection

Percentage
of known

Odd ratios (95%

(el)]

diagnosis (% of HP

positivity)

MASLD diagnosis
(% of MASLD)

Percentage
of men (%)

BMI

Sample
size (n)

NOS scale

Covariate adjustment

(kg/m?)  T2DM (%)

Age (years)

Year Country

Author, Ref

7

1.06 (1.02-1.11)
4.27 (1.34-15.9)

Unadjusted

Urea Breath test (37.9%)

Ultrasound (20.9%)

13.8% 62.0

NA

49

52032

China

2023

Chen et al.”®

6

Sex, hypertension, diabetes,

Biopsy or faecal antigen

Fibroscan (+ CAP;

39.5% 41.7

29

58

2023 USA 91

Fialho et al.>*

dyslipidemia, or

test (40.7%)

mild steatosis

metabolic syndrome

220-230dB/m,
moderate

steatosis 230-

283dB/m, and

severe steatosis
>283dB/m)
(73.6%)

Note: Cut-off values used for CAP and LSM on FibroScan were not clearly specified in all cross-sectional studies.

Abbreviations: BMI, body mass index; CagA, cytotoxin-associated gene A antigen; CAP, controlled attenuation parameter; FLI, fatty liver index; GGT, gamma-glutamyl transferase; hs-CRP, high-sensitivity

C-reactive protein; HSI, hepatic steatosis index; LSM, liver stiffness measurement; NA, not available; NAFLD-LFS, NAFLD liver fat score; NOS, Newcastle-Ottawa quality assessment scale; T2DM, type 2

diabetes mellitus; VacA, vacuolating cytotoxin A.
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showed that H. pylori-positive patients had significantly higher
grades of CAP-assessed hepatic steatosis than H. pylori-negative
patients but no significant differences were found in liver stiffness
measurements (LSMs) on Fibroscan®.°! In the study by Abo-Amer
et al., H. pylori infection was associated with increased degrees
of steatosis on Fibroscan®-assessed CAP but not with greater
Fibroscan®-measured LSMs.* Similar results were reported by
Fialho et al.>* Overall, these few cross-sectional studies suggest
that there is a positive, graded association between prior or active
H. pylori infection and the degree of hepatic steatosis but not liver
stiffness measurements in MASLD, suggesting that H. pylori infec-
tion might contribute to the pathogenesis of MASLD, though not

to its progression to advanced fibrosis.

3.2 | Sensitivity analyses and meta-regressions

A sensitivity analysis using the one-study remove (leave-one-out)
approach to test the influence of each study on the overall effect size
showed that the exclusion of one study at a time did not have any ef-
fect on the significant association between H. pylori infection and the
risk of MASLD (Supplementary Figure S7). Supplementary Figure S8
shows the forest plot and pooled estimates of the effect of H. pylori
infection on the risk of MASLD in the eligible cross-sectional stud-
ies, stratified by the use of blood antibodies alone (n=7; random-
effects OR 1.08, 95%Cl .86-1.36; 12:65%) vs. all other methods
for diagnosing H. pylori infection (n=17; random-effects OR 1.12,
95%Cl 1.05-1.20; I°=64%). Univariable meta-regressions showed
the lack of significant effects of age (Supplementary Figure S9), sex
(Supplementary Figure S10), BMI (Supplementary Figure S11) and
pre-existing T2DM (Supplementary Figure S12) or hypertension
(Supplementary Figure 513) on the association between H. pylori in-
fection and the risk of prevalent MASLD.

3.3 | H.pyloriinfection and risk of incident MASLD
Figure 2 shows the forest plot and pooled estimates of the effect
of H. pylori infection on the risk of developing MASLD in four ret-
rospective Asian cohort studies.>>~>® These studies included a total
of 21852 individuals (52% men; age 51 +4years; BMI 23+1.1kg/
m?), 50.5% of whom had a diagnosis of prior or active H. pylori in-
fection at the baseline, and 4808 cases developed incident MASLD
over a mean follow-up period of 5years. The figure shows that H.
pylori infection was significantly associated with a higher risk of de-
veloping incident MASLD (pooled random-effects HR 1.20, 95%Cl
1.08-1.33; I’=44%). A sensitivity analysis using the one-study re-
move approach did not show any relevant effect of the exclusion
of each study at a time on the significant association between H.
pylori infection and the risk of developing MASLD (Supplementary
Figure S14). Due to the (relatively) low between-study heterogeneity
of cohort studies (I = 44%), we did not perform subgroup analyses
for these studies.
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Weight Weight

Author & Year Log Estimate Effect Log SE MASLD+/Hp+ MASLD+/Hp- Odds Ratio OR 95%-Cl (common) (random)
Polyzos 2013 1.2837 0.6299 26/37 2/16 v—o— 3.61 [1.05; 12.41] 0.0% 0.2%
Sumida 2015 1.0682 0.4858 42/52 45/78 — 2.91 [1.12; 7.54] 0.1% 0.4%
Okushin 2015 0.1222 0.0649  523/1449 1279/3840 - 1.13 [1.00; 1.28] 4.5% 7.4%
Zhang 2016 1.1537 0.2779 NA NA r —_— 3.17 [1.84; 5.46] 0.2% 1.0%
Baeg 2016 0.1222 0.0759 505/1636 440/2027 -— 1.13 [0.97; 1.31] 3.3% 6.5%
Chen 2017 0.3293 0.1261  313/1036 290/1227 I—o— 1.39 [1.09; 1.78] 1.2% 3.7%
Cai 2018 -0.0619 0.1504 145/645 288/1406 —H 0.94 [0.70; 1.26] 0.8% 2.9%
Kang 2018 0.1570 0.1033  903/2655 717/2749 -— 1.17 [0.96; 1.43] 1.8% 4.8%
Lu 2018 0.1222 0.1042 199/589 397/1278 7— 1.13 [0.92; 1.39] 1.8% 4.7%
Fan 2018 0.0000 0.1563 3906/10848  3501/10608 —t— 1.00 [0.74; 1.36] 0.8% 2.7%
Yu 2018 0.1310 0.0714 3132/7848  4460/12541 i 1.14 [0.99; 1.31] 3.7% 6.9%
Mohammadifard 2019 0.5306 0.3892 22/37 43/93 —:—o— 1.70 [0.79; 3.65] 0.1% 0.6%
Jiang 2019 0.2390 0.0853 1022/2137 842/1944 . 1.27 [1.07; 1.50] 2.6% 5.9%
Alvarez 2020 0.1222 0.3211 233/367 31/57 —“— 1.13 [0.60; 2.12] 0.2% 0.8%
Amer 2020 0.3784 0.2663  442/538 82/108 T 1.46 [0.87; 2.46] 0.3% 1.1%
Rahman 2020 -0.5276 0.1962 62/418 79/349 — E 0.59 [0.40; 0.87] 0.5% 1.9%
Wang 2021 0.1823 0.1084 199/689 306/1209 f— 1.20 [0.97; 1.48] 1.6% 4.5%
Han 2021 -0.0408 0.1067 343/708 528/1076 — 0.96 [0.78; 1.18] 1.7% 4.6%
Liu (men) 2021 0.0488 0.0935 654/1178 1156/1911 —~'— 1.05 [0.87; 1.26] 2.2% 5.3%
Liu (women) 2021 -0.1054 0.1355 758/919 1387/1657 —**- 0.90 [0.69; 1.17] 1.0% 3.4%
Yan 2021 0.3001 0.1420  230/464 299/721 1—~— 1.35 [1.02; 1.78] 0.9% 3.1%
Wernly 2022 -0.0408 0.0810  487/1019 1940/4319 - 0.96 [0.82; 1.13] 2.9% 6.2%
Wang 2022 0.0159 0.0273 8611/24745 14676/46888 .; 1.02 [0.96; 1.07] 25.6% 10.4%
Chen 2023 0.0583 0.0214 4260/19709  6653/32323 + 1.06 [1.02; 1.11] 41.9% 10.8%
Fialho 2023 1.4516 0.6247 33/37 34/54 —o— 4.27 [1.26; 14.53] 0.0% 0.2%
Common effect model 5 1.07 [1.04; 1.10] 100.0% -
Random effects model 0 1.11 [1.05; 1.18] - 100.0%
I T T 1

Heterogeneity: /2 = 63%, t° = 0.0077, p < 0.01

0.1 05 1 2 10

FIGURE 1 Forest plot and pooled estimates of the effect of H. pylori infection on the risk of prevalent MASLD in the 24 eligible cross-

sectional studies.

Weight  Weight
Author & Year Log Estimate Effect Log SE MASLD new cases in Hp+ MASLD new cases in Hp- Hazard Ratio HR 95%-Cl (common) (random)
Kim 2017 0.1484 0.0539 2080 1301 - 1.16 [1.04;1.29] 39.0% 34.2%
Abdel-Bazik 2018 0.1044 0.0563 23 0 1 1.11 [0.99; 1.24] 35.8% 33.1%
Zhao 2021 0.1740 0.2186 6 33 — —+——— 1.19 [0.78;1.83] 2.4% 5.3%
Kim 2022 0.3075 0.0705 NA NA —— 1.36 [1.18; 1.56] 22.8% 27.4%
Common effect model é 1.18 [1.11;1.27] 100.0% -
Random effects model <> 1.20 [1.08;1.33] -—100.0%
Heterogeneity: 1> = 44%, ©* = 0.0053, p = 0.15

0.75 1 1.5

FIGURE 2 Forest plot and pooled estimates of the effect of H. pylori infection on the risk of developing incident MASLD in the four
eligible retrospective cohort studies.

34 |

Publication bias

individuals of predominantly Asian ethnicity are as follows: (i) H.
pylori infection was significantly associated with a robust small in-

As shown in Supplementary Figure S15, the Begg's rank correlation
test did not reveal any statistically significant asymmetry of the fun-
nel plot (p=.063), thus suggesting that the publication bias was un-
likely. These results were also confirmed by the trim and fill method

(data not shown).

4 | DISCUSSION

The main and novel findings of this comprehensive meta-analysis

that included 28 observational studies (24 cross-sectional®*->*

and 4 longitudinal studies®®>™8) for a total of 231291 middle-aged

crease in prevalence of MASLD (detected by liver biopsy, imaging
or blood-based biomarkers/scores); (ii) H. pylori infection was sig-
nificantly associated with a mildly increased risk of incident MASLD
over a mean 5-year follow-up; (i) these results remained significant
in those studies where statistical analysis was adjusted for age, sex,
adiposity measures, pre-existing T2DM, hypertension and other po-
tential confounders, or even after stratifying by NOS scale; (iv) meta-
regression analyses showed no significant effects of age, sex, BMI,
hypertension or pre-existing T2DM on the association between H.
pylori infection and the risk of MASLD in cross-sectional studies; (v)
subgroup analyses of cross-sectional studies showed that the asso-
ciation between H. pylori infection and MASLD risk was significant in
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Asian studies (but not in studies conducted in other countries out-
side Asia), and finally (vi) the association between H. pylori infection
and the risk of MASLD was significant in studies where H. pylori in-
fection was detected by urea breath tests and by endoscopic gastric
biopsies, but not in those where H. pylori infection was detected by
blood antibody tests alone. This latter finding could be largely ex-
pected. Indeed, serologic testing for H. pylori I1gG is no longer recom-
mended for diagnosing active H. pylori infection in areas where the
prevalence is less than 30%. Because blood antibodies may persist
for several years, serologic testing for H. pylori IgG has a specificity
of less than 80% for active H. pylori infection.>”¢°

To our knowledge, this is the most updated and comprehensive
meta-analysis examining the association between H. pylori infection
and the risk of having or developing MASLD. From 2018 to 2022,
some systematic reviews and meta-analyses with fewer observa-
tional studies included®*~®° have been undertaken. In 2023, Liu et al.%®
meta-analysing 28 studies (24 cross-sectional, 2 case-control, and 2
cohort studies altogether) reported that H. pylori infection was asso-
ciated with a mildly increased risk of MASLD (pooled OR 1.27; 95%Cl
1.18-1.38), although a highly significant heterogeneity was observed
(P =89.7%). More recently, Xu et al¥’ performed a meta-analysis of 27
cross-sectional studies, 3 case-control studies, and 4 cohort studies.
Similarly to our meta-analysis, Xu et al. showed that H. pylori infection
was significantly associated with the presence of NAFLD (pooled un-
adjusted OR 1.26, 95% Cl 1.17-1.36; I2:89%) and the risk of incident
NAFLD (pooled adjusted HR 1.18, 95% Cl 1.05-1.34; °=71%).*’ In
contrast to the meta-analysis by Xu et al.,%” we performed extensive
meta-regressions analyses to examine whether there was effect-
modification by age, sex, T2DM and other metabolic syndrome fea-
tures (obesity and hypertension) on the association between H. pylori
infection and risk of MASLD. Furthermore, we excluded the study by
Doulberis et al.?? because it had a reduced statistical power (charac-
terised by large 95% Cls). Finally, contrary to the meta-analysis by Xu
et al., we did not include “grey” literature, as we excluded unpublished
studies and studies published outside widely available journals. There
is debate about the inclusion or exclusion of ‘grey’ literature in a meta-
analysis. The main reasons for reluctance to include “grey” literature
include the absence of peer-review of unpublished literature. We be-
lieve that excluding “grey” literature contributes to include high-quality
studies for performing a meta-analysis and provides a more accurate
magnitude of the association between H. pylori infection and risk of
MASLD. Consequently, in our meta-analysis, we observed a lower
heterogeneity of the pooled primary analyses of both cross-sectional
(P=63% vs. 89%) and longitudinal studies (>=44% vs. 71%) compared
to that observed in the meta-analysis of Xu et al. That said, although
a relatively high heterogeneity is more likely for meta-analyses of ob-
servational studies than for meta-analyses of randomised clinical trials,
when we examined the possible sources of heterogeneity, we found
that the medium-high heterogeneity observed for the cross-sectional
studies was mainly due to differences in study country and methods
used for diagnosing H. pylori infection and MASLD.

Collectively, the results of our meta-analysis support the
conclusion that H. pylori infection is significantly associated

with a robust small increase in the risk of prevalent and incident
of MASLD, the evidence being stronger in Asian individuals.
However, the observational design of the studies included in the
meta-analysis does not allow us to draw any definitive causal in-
ferences. From the few cross-sectional studies available, there is
a positive, graded relationship between H. pylori infection and the
severity of hepatic steatosis, but it remains uncertain whether H.
pylori infection may also affect steatohepatitis and liver fibrosis in
MASLD. A recent Mendelian randomisation study revealed no ge-
netic evidence for a causal relationship between H. pylori infection
and MASLD.?” Hence, routine screening for MASLD in patients
positive for H. pylori infection might seem poorly supported by cur-
rent evidence. However, it is important to note that the Mendelian
randomisation study mentioned above had some important limita-
tions. First, the diagnosis of H. pylori infection was based solely on
serological tests in the genome-wide association studies (GWAS)
data, which may have affected the detection of active H. pylori in-
fection. Second, the dataset included only European populations.
Although using a single European population to investigate the
causal relationship may minimise population stratification bias, it
may not be generalisable to other non-European populations.27
Third, the study relied on a very limited number (two) of genetic
instruments predisposing to H. pylori infection by modulating the
immune response, thereby having a high likelihood of pleiotropic
effects on the risk of MASLD. That said, the scenario may be more
intricate since some intervention studies suggested that H. pylori
eradication therapies could exert some beneficial effects on insu-
lin resistance, serum liver enzymes and other surrogate markers
of MASLD.%>¢® With this caveat in mind, we believe that the re-
sults of the eligible retrospective Asian cohort studies reporting
a significant association between H. pylori infection and the risk
of developing incident MASLD should be interpreted cautiously
due to the retrospective design of the studies. Furthermore, some
of these Asian cohort studies included patients with different H.
pylori eradication status at the baseline, and most importantly,
no detailed information was available in these cohort studies
on the use of H. pylori eradication therapies over the follow-up.
Therefore, we cannot know if and how these results may have
been influenced by H. pylori eradication therapy.

Identifying the potential pathophysiological mechanisms under-
pinning the association between H. pylori infection and the risk of
MASLD is beyond the scope of this meta-analysis. A recent review
deeply discussed the possible links between H. pylori infection and
MASLD.%’ That said, more than 15years ago, some investigators re-
ported the presence of Helicobacter species in liver samples of patients
with various chronic liver diseases, including MASLD.%®7%7! Recent
studies have shown that H. pylori infection may promote the devel-
opment and progression of MASLD, possibly through several mech-
anisms, such as low-grade inflammation, increased oxidative stress,
insulin resistance and alterations of gut permeability.%® In particular,
low-grade chronic inflammation in the gastric mucosa may exacerbate
and promote the local and systemic release of several proinflammatory
cytokines, thereby exacerbating systemic insulin resistance, increasing
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gut permeability and altering the gut microbiome composition.®® H.
pylori infection may alter Bacteroidetes, Lactobacillus, Proteobacteria,
Firmicutes and Actinobacteria colonies, thus changing the gut microbi-
ota composition like that observed in obese patients.68 Furthermore, it
has been suggested that H. pylori infection might also act as a cofactor
that interacts with coexisting metabolic risk factors in the pathogen-
esis of MASLD.”? H. pylori infection might also be, at least in part, im-
plicated in the association between MASLD and the increased risk of
developing incident gastric cancers.}®73

Our meta-analysis has some important limitations that are
strictly inherent to the included studies. First, only four of the 28
included observational studies had a prospective design. Second,
although we used a random-effects model, the interpretation of
some meta-analysis results requires some caution because of the ob-
served medium-high heterogeneity for the cross-sectional studies.
Third, due to the incomplete covariate adjustment in most studies,
the possibility of residual confounding by unmeasured factors can-
not be entirely excluded. Fourth, most studies were performed in
Asian countries. Since the Asian and non-Asian populations have dis-
tinct genetic backgrounds, body fat distributions, dietary habits and
different rates of H. pylori infection, additional studies are needed to
better elucidate the relationship between H. pylori infection and the
risk of MASLD in non-Asian people. Fifth, most studies diagnosed
MASLD using imaging methods (principally liver ultrasonography),
but only a few studies used liver biopsy (i.e., the gold standard) for
diagnosing and staging MASLD. Similarly, the diagnostic approaches
used for H. pylori infection were different. Most studies used urea
breath tests, blood antibodies or faecal antigen tests to diagnose H.
pylori infection, whereas only two studies confirmed the diagnosis
by endoscopic gastric biopsy examination (i.e., the gold standard
method for diagnosing H. pylori infection). According to the recent
Maastricht VI/Florence Consensus Report, urea breath tests and
stool antigen tests are the best recommended non-invasive diag-
nostic tests for active H. pylori infection, while serological antibody
tests alone are less accurate.”® In the few cross-sectional studies that
measured serum anti-CagA antibodies and examined the influence of
CagA (i.e., the virulence factor of H. pylori) on the risk of MASLD, the
authors found that only CagA-negative H. pylori positivity was sig-
nificantly associated with the presence of MASLD even after adjust-
ment for potential confounders, thus confirming that an association
exists between these two conditions.®® However, further research is
needed to better understand whether gastric metaplasia or dysplasia
related to the severity of H. pylori infection may be associated with a
higher risk of MASLD. Finally, although all eligible studies have used
the NAFLD nomenclature, for the purpose of this meta-analysis, we
have assumed that, as the two fatty liver disease nomenclatures are
largely overlapping, the increase in the risk conferred by H. pylori in-
fection was comparable for NAFLD and MASLD, which should be
confirmed in future studies.

Despite these limitations, our meta-analysis also has important
strengths. This meta-analysis provides the most comprehensive and
updated assessment of the nature and magnitude of the associa-
tion between H. pylori infection and the risk of having or developing
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MASLD. Moreover, we have used standardised risk estimates from
all included studies to allow a consistent combination of estimates
across studies. The overall quality of the studies included in the
meta-analysis appears to be relatively moderate, with a relatively
low risk of bias according to the NOS scale. The large number of in-
dividuals with MASLD has also provided sufficient statistical power
to quantitatively assess the association between H. pylori infection
and the risk of MASLD. Finally, although a selective reporting bias
of eligible studies could not be excluded (because we did not also
include “grey” literature in the meta-analysis), we think our compre-
hensive search has made it unlikely that any published report was
missed. At the same time, visual inspection of the funnel plot and
formal statistical tests did not show any significant publication bias.

In conclusion, our updated meta-analysis of observational studies
showed that H. pylori infection was associated with a mildly increased
risk of prevalent and incident MASLD in middle-aged individuals from
different countries. This association remained significant even after
adjustment for age, sex, adiposity measures, T2DM and other known
risk factors for MASLD. Meta-regressions showed the lack of any sig-
nificant effects of age, sex, BMI and prevalence of pre-existing T2DM
or hypertension on the association between H. pylori infection and the
risk of MASLD. Further well-designed studies, especially in non-Asian
populations, are required to corroborate these findings. Further in-
vestigations are also needed to examine whether H. pylori eradication

therapies may prevent or improve MASLD development.
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