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ABSTRACT

Background: Recent studies that have examined the association between Helicobacter pylori infection and risk of
nonalcoholic fatty liver disease (NAFLD) have produced conflicting data. We have performed a systematic review
and meta-analysis to assess the association between H. pylori infection and risk of NAFLD.
Methods: We searched PubMed, Web of Science and Scopus databases using predefined keywords to identify ob-
servational studies (published up to November 2018), in which NAFLD was diagnosed by histology, imaging or
biochemistry. Data from selected studies were extracted and meta-analysis was performed using random-
effects modeling. The statistical heterogeneity among studies (I*-index), subgroup analyses and the possibility
of publication bias were assessed.
Results: Thirteen observational (11 cross-sectional/case-control and 2 longitudinal) studies involving a total of
81,162 middle-aged individuals of predominantly Asian ethnicity (47.5% of whom had H. pylori infection diag-
nosed by urea breath test, faecal or serological tests) were included in the final analysis. Meta-analysis of data
from cross-sectional and case-control studies showed that H. pylori infection was associated with increased
risk of prevalent NAFLD (n = 11 studies; random-effects odds ratio [OR] 1.20, 95% CI 1.07-1.35; I = 59.6%);
this risk remained significant in those studies where analysis was fully adjusted for age, sex, smoking, adiposity
measures, diabetes or dyslipidemia (random-effects OR 1.19, 95% CI 1.07-1.32, > = 0%). Meta-analysis of data
from longitudinal studies showed that H. pylori infection was also associated with increased NAFLD incidence
(n = 2 studies; random-effects hazard ratio 1.14, 95% CI 1.05-1.23; I> = 0%). Sensitivity analyses did not alter
these findings. Funnel plot did not reveal significant publication bias.
Conclusions: H. pylori infection is associated with mildly increased risk of both prevalent and incident NAFLD in
middle-aged individuals. More prospective studies, particularly in non-Asian populations, and mechanistic stud-
ies are required to better elucidate the link between chronic H. pylori infection and NAFLD.

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is the leading cause of
chronic liver diseases in many parts of the world [1-3]. The global prev-
alence of NAFLD has been estimated to be nearly 25% with highest prev-

Abbreviations: BMI, body mass index; CI, confidence interval; HIS, hepatic steatosis
index; H. pylori, Helicobacter pylori; HR, hazard ratio; NAFLD, non-alcoholic fatty liver dis-
ease; NAFLD-LFS, NAFLD liver fat score; NASH, non-alcoholic steatohepatitis; NOS,
Newcastle-Ottawa Quality Assessment Scale; OR, odds ratio; PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses.
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alence in the Middle East (31.8%) and Asia (27.4%) and lowest in Africa
(13.5%) [2].

Growing evidence suggests that intestinal dysbiosis may be involved
in NAFLD pathogenesis, mainly through its effects on innate immune
system, gut permeability, intestinal production of short-chain fatty
acids, and fermentation of indigestible carbohydrates [4,5]. Experimen-
tal evidence in animals is also emerging that there is a link between
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intestinal dysbiosis, evidence of Helicobacter pylori infection and NAFLD
pathogenesis [4-7]. H. pylori, a Gram-negative bacterium colonizing the
gastric epithelium, is a cofactor in the development of peptic ulcers, gas-
tric cancer and gastric mucosa-associated lymphoid-tissue lymphoma
[6]. H. pylori infection represents one of the most frequent gastrointesti-
nal infections in humans [6]. A comprehensive meta-analysis recently
showed that H. pylori infection varies between different geographic lo-
cations, with greater prevalence in developing countries (e.g., ~50-
65% in Asia and Latin America) than in developed countries (~20-35%
in United States and Europe) [8]. Although the evidence is not conclu-
sive, chronic H. pylori infection has been also associated with inflamma-
tory bowel diseases, asthma and other allergic manifestations, as well as
a variety of other extra-gastrointestinal conditions, including cardiovas-
cular, hematologic and metabolic diseases [9].

In recent years, there has been growing scientific interest in the as-
sociation between H. pylori infection and NAFLD in man [9,10]. Indeed,
several observational studies have examined the association between
H. pylori infection and risk of NAFLD in middle-aged individuals who
were largely asymptomatic for peptic ulcers or functional dyspepsia,
and who did not take H. pylori eradication therapy [11-23]. Since the
findings of these observational studies have been inconsistent, it re-
mains uncertain whether H. pylori infection is associated with increased
risk of NAFLD.

In this systematic review and meta-analysis, we sought to investi-
gate whether, and to what extent, H. pylori infection was associated
with risk of NAFLD. Given the growing clinical and economic burden
of NAFLD worldwide, we believe that clarification of the magnitude of
potential adverse effects of H. pylori infection on NAFLD risk might
also have clinical implications for the prevention and treatment of this
common and burdensome disease.

2. Materials and methods
2.1. Registration of review protocol

We registered in advance the protocol for this meta-analysis in
PROSPERO (International Prospective Register of Systematic Reviews,
no. CRD42018117547). This protocol has been performed in accordance
with both the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) and the Meta-analysis Of Observational Stud-
ies in Epidemiology (MOOSE) guidelines [24].

2.2. Data sources and search strategy

We extensively searched three publication databases (i.e. PubMed,
Scopus and Web of Science) for observational studies (published up to
November 25, 2018) examining the association between H. pylori infec-
tion and risk of NAFLD. The search free text terms were “nonalcoholic
fatty liver disease” (OR “fatty liver” OR “NAFLD” OR “nonalcoholic
steatohepatitis”) AND “Helicobacter pylori infection” OR “Helicobacter
pylori” OR “Helicobacter infection” OR “H. pylori”. Searches were re-
stricted to human studies, whereas no language restrictions were im-
posed. We also reviewed references from relevant original papers and
review articles to identify further eligible studies not covered by the
original database searches.

2.3. Inclusion and exclusion criteria

Studies were included if they met the following inclusion criteria:
1) cross-sectional, case-control or longitudinal studies that explored
the association between H. pylori infection and NAFLD; 2) all studies
that reported odds ratios (OR) or hazard ratios (HR) with 95% confi-
dence intervals (95% CI) values for the exposure/outcome of interest;
3) studies in which the diagnosis of NAFLD was based on histology, im-
aging (mostly ultrasonography) or surrogate markers of NAFLD, such as
either the hepatic steatosis index (HIS) or the NAFLD liver fat score

(NAFLD-LFS), which include in their equations serum transaminase
levels, body mass index (BMI), fasting insulin levels, pre-existing diabe-
tes or metabolic syndrome [25,26], in the absence of significant alcohol
intake and other secondary causes of chronic liver disease; and 4) stud-
ies in which the presence or previous exposure to H. pylori infection was
diagnosed using either invasive tests (endoscopic gastric biopsy) or
non-invasive tests, such as serological testing (using H. pylori IgG
enzyme-linked immunosorbent assays), '>C-labeled or '“C-labeled
urea breath test or faecal antigen test. However, no published studies
using endoscopic gastric biopsy were available for the meta-analysis.

Criteria for exclusion were as follows: 1) theses, congress abstracts,
case reports, reviews, practice guidelines, commentaries and editorials;
2) studies which did not exclude individuals with significant alcohol in-
take and other secondary causes of chronic liver disease; 3) studies that
did not specifically report any OR or HR and 95% confidence intervals
(CI) for the outcome measure of interest, and 4) studies performed in
pediatric population (<18 years).

Two investigators (AM and GT) independently reviewed the titles
and abstracts of all studies identified using the previously described
search criteria to identify studies meeting the inclusion criteria. Each
study meeting the requirements of the first-round inclusion criteria
then underwent a full-text independent review by both investigators.
Disagreements about the inclusion of studies between investigators
were resolved by a third clinical investigator (TT).

24. Data extraction and quality assessment

We extracted data on study design, study size, publication year,
study country, subjects' characteristics, methods used for the diagnosis
of both NAFLD and H. pylori infection, outcome of interest, follow-up du-
ration, and list of covariates adjusted in multivariable regression analy-
ses. In the case of multiple publications, we included the most up-to-
date or comprehensive information. We also contacted two correspond-
ing authors of the eligible studies in order to obtain additional informa-
tion [13,19], but neither of the authors responded to our request.

Two investigators (AM and GT) assessed the risk of bias indepen-
dently. Any discrepancies were addressed by a re-evaluation of original
articles by a third author (TT). Quality assessment was performed ac-
cording to the Newcastle-Ottawa Quality Assessment Scale (NOS),
which is a validated scale for non-randomized studies in meta-
analyses [27]. We also used a NOS scale adapted for cross-sectional
and case-control studies [28]. We judged studies that received a NOS
score of at least 8 stars to be at low risk of bias, thus reflecting the
highest quality.

2.5. Data synthesis and analysis

The outcome of interest was either the presence or the development
of incident cases of NAFLD. The ORs (for cross-sectional/case-control
studies) or HRs (for longitudinal studies) and 95% Cls were considered
as the effect size for all the eligible studies. When studies had multiple
adjustment models, we extracted only those reflecting the maximum
extent of adjustment for risk factors and potential confounders. The ad-
justed OR/HRs of the eligible studies were pooled, and an overall effect
size estimate was calculated using a random-effects model.

Visual inspection of the forest plot was employed to examine the
possibility of statistical heterogeneity. The statistical heterogeneity
among studies was assessed by the chi-square test and the P statistic,
which provides an estimate of the percentage of variability across stud-
ies that is due to heterogeneity rather than chance alone [29]. The pro-
portion of heterogeneity accounted for by between-study variability
was estimated using the ’-index and adjudicated to be significant if I
was >50%. A chi-square test p-value < 0.10 was used to determine statis-
tical significance.

To examine the sources of heterogeneity among the eligible studies
and to test the robustness of the associations, we conducted subgroup



58 A. Mantovani et al. / Metabolism Clinical and Experimental 96 (2019) 56-65

analyses by study design, study country, diagnostic methods used for ei-
ther NAFLD or H. pylori infection, levels of NOS, and degree of adjust-
ment for known risk factors. In addition, we tested for possibly
excessive influence of individual studies using a meta-analysis influence
test that eliminated each of the included studies one at a time. Finally,
we performed univariable meta-regression analyses in order to exam-
ine the association of NAFLD with age, sex or BMI.

The possibility of publication bias was evaluated using the funnel
plot and the Egger's regression asymmetry test; the trim and fill method
was also used for further examining the possibility of publication bias
[27,30]. STATA® 14.2 (StataCorp, College Station, TX) was used for all
statistical analyses.

3. Results
3.1. Data search and study characteristics

Fig. 1 lists the results of the literature research and study selection.
After excluding duplicates, based on the titles and abstracts of 72 cita-
tions, we initially identified 16 potentially relevant studies from publi-
cation databases prior to November 25, 2018. After examining the full
text of these 16 publications, we further excluded three studies
[31-33], because of unsatisfactory inclusion criteria or unsatisfactory
outcome measures, as specified in the flow diagram.

The main characteristics of the thirteen observational studies in-
cluded in the meta-analysis are summarized in Table 1. Eleven studies
had a cross-sectional (n = 9) or case-control (n = 2) design, whereas
the remaining two studies had a longitudinal design. These studies in-
cluded a total of 81,162 middle-aged individuals (47.5% of whom had
H. pylori infection). The overall prevalence of NAFLD in the cross-
sectional studies was 30.7%, whereas 3404 individuals (~20% of total)
developed incident NAFLD over the follow-up in the longitudinal stud-
ies included in the meta-analysis. The diagnosis of NAFLD was based
on histology (n = 2 studies), ultrasonography (n = 9 studies) or
surrogate markers of NAFLD (n = 2 studies). The diagnosis of H. pylori
infection was based non-invasively on serologic testing for IgG antibod-
ies (n = 5 studies), faecal antigen test (n = 1 study), and '*C-labeled or
14C_labeled urea breath tests (n = 7 studies). Approximately 90% of the
eligible studies were carried out in Asia (n = 11 studies from China,
Japan, South Korea or Egypt); one population-based study was carried
out in the United States and one case-control study was carried out in
Greece. Most studies included middle-aged, nonobese individuals
(mean age 50.6 years; mean BMI 24.2 kg/m?), who were predominantly
men (~55%).

As shown in Supplementary Table S2, six studies received at least
eight stars on the NOS indicating that these studies had a low risk of
bias, two studies received seven stars and the remaining studies re-
ceived six stars or fewer (being at high risk of bias).

Records excluded for reasons specified in
the Methods section (n = 56)

Full-text articles excluded (n= 3) for the
following main reasons:
unsatisfactory inclusion criteria (n=2)
unsatisfactory outcome measures (n=1)

'
c Records identified through database
.g searching PubMed, Web of Science and
_3 Scopus for “studies published up to
35 November 25, 2018”
S (n=81)
o
—
P— Records after duplicates removed
(n=72)
(1)
£
c
)
[J] A 4
S
0 Records screened R
(n=72) "
—
'
A 4
Full-text articles assessed
for eligibility
2 (n=16)
=
&
= v
Studies included in
qualitative synthesis
— (n=13)
'
°
-g Studies included in quantitative synthesis
5 (meta-analysis, n = 13)
= n = 11 cross-sectional or case-control studies
n = 2 longitudinal studies

Fig. 1. The PRISMA flow diagram of the meta-analysis.
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Table 1
Principal observational, cross-sectional, case-control or longitudinal studies examining the association between presence of H. pylori infection and risk of NAFLD (ordered by publication
year).
Authors, Study design, sample size, and Diagnostic methods for Diagnostic methods  Covariate adjustment(s) Main results
year (ref.) population characteristics NAFLD, and PREVALENCE of for H. pylori

NAFLD

infection, and
prevalence of H.

pylori
infection

Cross-sectional or case-control studies (n = 11)

Polyzos SA
et al. 2013
[11]

Sumida Y
et al. 2013
[12]

Okushin K
et al. 2015
[13]

Zhang C
et al. 2016
[14]

Baeg MK
et al. 2016
[15]

Chen CX
et al. 2017
[16]

Cai Oet al.
2018 [17]

Kang SJ
et al. 2018
[18]

Luljetal
2018 [19]

Fan N et al.
2018 [20]

Case-control study: 28 Greek
adult patients with biopsy-proven
NAFLD (15 with simple steatosis,
13 with NASH) and 25 age-, sex-
and BMI-matched healthy
controls. 12 men; mean age 54
years; mean BMI 31 kg/m?

Cross-sectional study: 130 (65
men) Japanese adult patients with
biopsy-proven NAFLD (43 with
simple steatosis and 87 with
NASH). Mean age 55.2 years;
mean BMI 27.5 kg/m?
Cross-sectional study: 5289 (1816
men) asymptomatic Japanese
alcohol-free adult individuals
without other known causes of
chronic liver disease. Mean age 49
years; mean BMI 23 kg/m?

Case-control hospital-based
study: 600 Chinese adult patients
with NAFLD and 600 age-, sex-,
race- and birthplace-matched
healthy controls

Cross-sectional study: 3663 (2141
men) asymptomatic South Korean
adult individuals after excluding
those with known causes of
chronic liver diseases. Median age
53 years, median BMI 23.6 kg/m?
Cross-sectional study: 2263 (1424
men) elderly Chinese individuals
after excluding those with major
causes of chronic liver diseases.
Mean age 69 years
Cross-sectional study: 2051 (714
male) asymptomatic Chinese
adult individuals after excluding
those with major causes of
chronic liver diseases. Mean age
38.1 years, mean BMI 23.5 kg/m?
Cross-sectional study (NHANES
1988-94): 5404 (2540 men)
United States adult individuals
after excluding those with known
causes of chronic liver diseases.
Mean age 44 years, mean BMI 27
kg/m?

Cross-sectional study: 1867 (1474
men) asymptomatic Chinese adult
individuals after excluding those
with known causes of chronic
liver diseases and those who had
received HPI eradication therapy.
Mean age 54 years
Cross-sectional study: 21,456
(14,389 men) Chinese adult
individuals after excluding those
with known causes of chronic

Biopsy; 52.8% (n = 28) had

NAFLD

Biopsy; 100% (n = 130)

had NAFLD

Ultrasonography; 34.1% (n

= 1802) had NAFLD

Ultrasonography; 50% (n =

600) had NAFLD

Hepatic steatosis index
(HIS) > 36 (25.8% had
NAFLD; n = 945) or NAFLD
liver fat score (NAFLD-LFS)
> —0.64 (23.3% had NAFLD)

Ultrasonography; 26.6% (n

= 603) had NAFLD

Ultrasonography; 21.1% (n

= 433) had NAFLD

Ultrasonography; 31.9% (n

= 1633) had NAFLD

Ultrasonography; 31.9% (n

= 596) had NAFLD

Ultrasonography; 24.3% (n

= 5213) had NAFLD

Antibodies (IgG
enzyme-linked
immunosorbent
assay) and/or 3C
urea breath test; 37
(69.8%) seropositive
cases

Antibodies (IgG
enzyme-linked
immunosorbent
assay); 52 (40%)
seropositive cases

Antibodies (IgG
enzyme-linked
immunosorbent
assay); 1449 (27.4%)
seropositive cases

14C urea breath test;
444 (37%) positive
cases

13C urea breath test;
1636 (44.7%) positive
cases

13C urea breath test;
1036 (45.8%) HPI
positive cases

13C urea breath test;
645 (31.4%) positive
cases

Antibodies (IgG
enzyme-linked
immunosorbent
assay plus anti-cagA
1gG); 2655 (49.1%)
seropositive cases

13C urea breath test;
589 (31.5%) positive
cases

14C urea breath test;
10,848 (50.5%)
positive cases

Age, sex, BMI

Age, sex, obesity, dyslipidemia,
hypertension, diabetes

None

Age, sex, race, birthplace

Age, sex, smoking, plasma hs-CRP

Age, sex, BMI, waist
circumference, hemoglobin Alc,
triglycerides, uric acid, AST, ALT,
GGT levels

Sex, BML, fasting glucose levels,
triglycerides, HDL-cholesterol

Age, sex, race/ethnicity, waist
circumference, income, diabetes,
hypertension, smoking, alcohol
consumption, caffeine
consumption, total cholesterol,
HDL-cholesterol, transferrin
saturation

None

Age, sex, BMI, blood pressure,
fasting glucose, hemoglobin Alc,
complete lipid profile, uric acid,
creatinine levels

H. pylori infection was
significantly associated with
NAFLD (adjusted OR 3.61, 95% CI
1.04-12.6). No significant
difference was found in H. pylori
infection between patients with
NASH and those with simple
steatosis

H. pylori infection was
significantly associated with
NASH (adjusted OR 2.91, 95% CI
1.11-7.6)

H. pylori infection was not
significantly associated with
NAFLD in the whole sample
(unadjusted OR 1.13, 95% CI
0.99-1.28); this association was
statistically significant in women
(unadjusted OR 1.24, 95% CI
1.05-1.46) but not in men
(unadjusted OR 1.02, 95% CI
0.83-1.26)

H. pylori infection was
significantly associated with
NAFLD (adjusted OR 3.17, 95% CI
1.91-5.74)

H. pylori infection was not
associated with NAFLD as
estimated by HIS (adjusted OR
1.13,95% C1 0.97-1.31). Similar
results were found using the
NAFLD-LFS

H. pylori infection was
significantly associated with
NAFLD (adjusted OR 1.39, 95% CI
1.05-1.73)

H. pylori infection was not
associated with NAFLD (adjusted
OR 0.94, 95% C10.70-1.27)

H. pylori infection was not
associated with NAFLD (adjusted
OR 1.17,95% C1 0.95-1.43).
However, in terms of cagA protein
status stratification, while cagA
positive H. pylori group did not
associate with NAFLD (adjusted
OR 1.05, 95% C1 0.81-1.37), cagA
negative H. pylori group was
significantly associated with
NAFLD (adjusted OR 1.30, 95% CI
1.01-1.67)

H. pylori infection was not
associated with NAFLD
(unadjusted OR 1.13, 95% CI
0.92-1.39)

H. pylori infection was not
associated with NAFLD (adjusted
OR 1.0, 95% C1 0.70-1.30)

(continued on next page)
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Table 1 (continued)
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Authors, Study design, sample size, and Diagnostic methods for Diagnostic methods  Covariate adjustment(s) Main results
year (ref.) population characteristics NAFLD, and PREVALENCE of for H. pylori
NAFLD infection, and
prevalence of H.
pylori
infection
liver diseases. Mean age 48.3
years, mean BMI 23.7 kg/m?
YuYet al Cross-sectional study: 20,389 Ultrasonography; 37.2% (n '>C urea breath test; ~ Age, sex, BMI, smoking, white H. pylori infection was
2018 [21] (11,969 men) Chinese adult = 7592) had NAFLD 7848 (38.5%) positive blood cell count, plasma hs-CRP,  significantly associated with

individuals after excluding those
with known causes of chronic
liver diseases. Mean age 48.3
years, mean BMI 23.7 kg/m?

Longitudinal studies (n = 2)

cases

Antibodies (IgG
enzyme-linked
immunosorbent
assay); 9918 (58.2%)
seropositive cases

Faecal antigen test;
171 (46.3%) positive

Kim TJ et al. Retrospective longitudinal cohort  Ultrasonography; 3381
2017 [22] study: 17,028 (8787 men) individuals developed
asymptomatic South Korean adult incident NAFLD on
individuals without NAFLD at ultrasound over follow-up
baseline, who were followed for a
median period of 5.1 years (IQR
2.8-7.2 years). Mean age 49.3
years, mean BMI 23 kg/m?
Abdel-Razik Multicenter pilot longitudinal Hepatic steatosis index
et al. 2018 study: 369 (199 men) Egyptian (HSI) > 36 or NAFLD liver
[23] adult individuals without NAFLD  fat score (NAFLD-LFS) > cases

at baseline, who were followed
for 2 years. Mean age 49.5 years,
mean BMI 23 kg/m?, After a 24-

—0.64; 23 individuals
developed incident NAFLD
over 2-year follow-up

fasting glucose, triglyceride, GGT
levels

Age, sex, BMI, smoking status,
alcohol consumption, physical
activity, education level, year of
exam, blood pressure, fasting
glucose, complete lipid profile,
AST, ALT, GGT, hs-CRP,
HOMA-insulin resistance, use of
medications for hypertension,
dyslipidemia and diabetes

Age, sex, BMI, smoking status,
socio-economic status, physical
activity, education level, fasting
glucose, complete lipid profile,
uric acid, hs-CRP, HOMA-insulin
resistance

NAFLD (adjusted OR 1.14, 95% CI
1.04-138)

H. pylori infection was
significantly associated with
increased risk of developing
incident NAFLD (adjusted HR
1.16, 95% CI 1.05-1.30)

H. pylori infection was
significantly associated with
increased risk of developing
incident NAFLD (adjusted HR
1.11, 95% CI 1.04-1.30). After
eradication therapy for H. pylori

-month follow-up, all subjects
with H. pylori infection were
treated with eradication therapy
for 2 weeks and then followed up
for 3 months

infection, there were significant
reductions in HSI (or NAFLD-LFS),
HOMA-insulin resistance, lipid
profile, inflammatory cytokines

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; Cl, confidence interval; hs-CRP, high sensitivity C-reactive protein; GGT, gamma-
glutamyltransferase; HOMA, homeostasis model assessment; HR, hazard ratio; HSI, hepatic steatosis index; NAFLD-LFS, NAFLD liver fat score; NASH, nonalcoholic steatohepatitis; OR, odds ratio.

3.2. H. pylori infection and NAFLD prevalence

Fig. 2 shows the forest plot and pooled estimates of the effect of
H. pylori infection on the risk of prevalent NAFLD in cross-sectional or
case-control studies (involving a total of 63,765 middle-aged individuals).

Overall, H. pylori infection was significantly associated with an in-
creased risk of prevalent NAFLD (random-effects OR 1.20, 95% CI 1.07-
1.35; > = 59.6%). As reported in Table 1, the association between
H. pylori infection and NAFLD remained significant in those studies
where analysis was adjusted for age, sex, smoking, measures of adipos-
ity (BMI or waist circumference), dyslipidemia and diabetes.

As also shown in the forest plot, stratifying for the study design, the
significant association between H. pylori infection and risk of NAFLD was
consistent both in case-control studies (random-effects OR 3.24, 95% CI
1.96-5.36; I> = 0%) and in cross-sectional studies (random-effects OR
1.14, 95% C1 1.07-1.22; > = 5.5%), although it appeared to be stronger
in case-control studies. In any case, it is important to underline that
the stratification by study design abolished the significant heterogene-
ity we observed in the pooled primary analysis.

As reported in Supplementary Fig. S1, the Egger's regression test did
not show statistically significant asymmetry of the funnel plot (p =
0.34), thus suggesting that publication bias was unlikely, although it
should be noted that the number of included studies was small. This find-
ing was also confirmed by the trim and fill method (data not shown).

3.3. Subgroup analysis and meta-regression

Table 2 shows the results of subgroup analyses of the cross-sectional
and case-control studies (stratified by levels of NOS, degree of covariate

adjustment, methods used for diagnosing either H. pylori infection or
NAFLD, and study country). Notably, the significant association between
H. pylori infection and NAFLD was consistent in most subgroups exam-
ined (except for studies performed in United States or using the HIS
for diagnosing NAFLD).

We performed a sensitivity analysis using the one-study remove
(leave-one-out) approach in order to examine the influence of each
study on the overall effect size. As shown in Supplementary Fig. S2, exclu-
sion of each of these studies from the analysis did not show any significant
effect on the association between H. pylori infection and risk of NAFLD.

Supplementary Fig. S3 shows the results of univariable meta-
regressions showing the lack of significant effects of age, sex or BMI
on the association between H. pylori infection and risk of NAFLD in the
cross-sectional and case-control studies.

3.4. H. pylori infection and NAFLD incidence

Fig. 3 shows the forest plot and pooled estimates of the effect of
H. pylori infection on the risk of incident NAFLD in longitudinal studies
(n = 2 studies involving a total of 17,397 Asian individuals). In these
two studies, the diagnosis of H. pylori infection was based on serological
or faecal tests, whereas the development of incident NAFLD (n = 3404
incident cases), over a median period of nearly 4 years, was detected
using either ultrasonography or surrogate markers of NAFLD.

Overall, H. pylori infection was associated with an increased inci-
dence of NAFLD (random-effects HR 1.14, 95% CI 1.05-1.23; I> = 0%),
even after controlling for age, sex, BMI, smoking, physical activity,
plasma lipids, diabetes and HOMA-estimated insulin resistance. How-
ever, it should be noted that only two Asian studies were available for
this analysis.
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Author Year Size Diagnosis Infection (OR) (95% Cl) Weight
T
Case-control study :
Polyzos 2013 53 Liver biopsy Antibody : * 3.61(1.04,12.60) 0.83
Zhang 2016 1200 Ultrasonography Urea Breath Test : —_—— 3.17 (1.91,5.74) 3.59
Subtotal (I-squared = 0.0%, p = 0.852) : <> 3.24 (1.96, 5.36) 4.42
1
1
:
Cross-sectional study !
1
Sumida 2013 130 Liver biopsy Antibody : ¢ 2.91 (1.11,7.60) 1.35
Okushin 2015 5289 Ultrasonography Antibody —0— 1.13(0.99, 1.28) 15.24
1
Baeg 2016 3663 Hepatic Steatosis Index Urea Breath Test —0— 1.13 (0.97, 1.31) 14.26
Chen 2017 2263 Ultrasonography Urea Breath Test —;—0— 1.39 (1.05, 1.73) 10.03
1
Cai 2018 2051 Ultrasonography Urea Breath Test —‘I—:' 0.94 (0.70, 1.27) 8.39
Fan 2018 21456  Ultrasonography Urea Breath Test _0—: 1.00 (0.70, 1.30) 8.03
Kang 2018 5404 Ultrasonography Antibody -—0:— 1.17 (0.95, 1.43) 11.85
Lu 2018 1867 Ultrasonography Urea Breath Test —+ 1.13(0.92, 1.39) 1.77
Yu 2018 20389  Ultrasonography Urea Breath Test -0:— 1.14 (1.04, 1.38) 14.66
Subtotal (I-squared = 5.5%, p = 0.389) 0 1.14 (1.07, 1.22) 95.58
1
l
Overall (I-squared = 59.6%, p = 0.006) @ 1.20 (1.07, 1.35) 100.00
l
NOTE: Weights are from random effects analysis 1
' T
1 3
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Fig. 2. Forest plot and pooled estimates of the effect of H. pylori infection (diagnosed non-invasively by serological test or urea breath test) on the risk of prevalent NAFLD in cross-sectional or case-control studies (n = 11). Legend for the forest plot figure: the
continued line represents the null line indicating no difference between two groups; the dotted line represents the overall point effect estimate; the empty diamond represents the overall point effect estimate and 95% confidence intervals; the full diamond
represents the point effect estimate for each study with 95% confidence intervals represented as length of the lines; the square symbols represent the weight of the study. Abbreviations: HPI, Helicobacter pylori infection; I-squared, P statistic.
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4. Discussion

This meta-analysis includes a total of thirteen observational studies,
using mostly ultrasonography or biochemistry-based indexes to diagnose
NAFLD with aggregate data on ~81,000 middle-aged subjects of predomi-
nantly Asian ethnicity. Meta-analysis of data from the cross-sectional and
case-control studies has shown that H. pylori infection was associated
with mildly increased risk of prevalent NAFLD (n = 11 studies; random-
effects OR 1.20, 95% CI 1.07-1.35; I> = 59.6%). Notably, this risk remained
significant in those studies where analysis was fully adjusted for age, sex,
smoking, adiposity measures, dyslipidemia and diabetes. Meta-analysis
of data from the longitudinal studies has shown that H. pylori infection at
baseline was also independently associated with a ~15% increased risk of
incident NAFLD over a median follow-up of ~4 years (n = 2 studies;
random-effects HR 1.14, 95% Cl 1.05-1.23; P = 0%).

In a previous smaller meta-analysis of six cross-sectional and case-
control studies (published up to June 2016 and involving a total of
~38,500 individuals), Wijarnpreecha et al. reported a significant associ-
ation between H. pylori infection and increased risk of prevalent NAFLD
(random-effects OR 1.21,95% CI 1.07-1.37; > = 49%) [34]. Compared to
our meta-analysis, these authors included three identical studies to
those included in our meta-analysis [11,13,15], but also three cross-
sectional studies with positive results [35-37] that were published
only as congress abstracts (only one of which has been subsequently
published as original paper and then also included in our meta-
analysis) [18]. Compared to this prior meta-analysis, we have almost tri-
pled the total sample size by including new observational cross-
sectional and, especially, longitudinal studies published in 2017 and
2018, and we have conducted more thorough statistical analysis. During
the submission process of our meta-analysis, Zhou et al. published a sys-
tematic review and meta-analysis of 15 observational studies (eleven
cross-sectional, two case-control, and two longitudinal studies) [38].
Compared to our meta-analysis, these authors included almost all stud-
ies included in our meta-analysis [11,13-23], with the exception of the
study published by Sumida et al. [12], but they also included three cross-
sectional studies with positive results [35,36,39] that were published
only as congress abstracts. The authors found that the pooled random-
effects OR of NAFLD in patients with H. pylori infection was 1.19 (95%
C11.11-1.29; > = 66%) when compared to patients without H. pylori in-
fection. Similar results were also found when subgroup analyses were
performed by study design, geographical locations, H. pylori testing
methods, and degree of covariate adjustment [38].

The present systematic review and meta-analysis did not allow us to
systematically examine whether there was a significant, graded rela-
tionship between H. pylori infection and the histological severity of
NAFLD. Currently, in the literature there are only two small case-
control studies using liver biopsy for the diagnosis of NAFLD that pro-
vided contrasting results [11,12]. Polyzos et al. did not find any signifi-
cant difference in H. pylori infection between patients with NASH and
those with simple steatosis [11]. Conversely, Sumida et al. found that
NASH patients were more likely to have H. pylori infection than those
with simple steatosis [12]. Thus, we believe that further studies are
needed to better clarify whether chronic H. pylori infection may affect
the histological severity of NAFLD.

Collectively, the findings of our meta-analysis support the assertion
that H. pylori infection is associated with an increased prevalence and
incidence of NAFLD in middle-aged individuals. However, the overall ef-
fect size appears relatively small. We believe that these findings might
have some clinical implications for the case finding of H. pylori infection
in patients with NAFLD; and similarly, the case finding of NAFLD, in pa-
tients with H. pylori infection, especially in Asian individuals where the
rates of chronic H. pylori infection are very high (~50-65%) and the
H. pylori strain types are different and more virulent from those usually
reported in developed countries [8]. Moreover, it has been also esti-
mated that the prevalence of imaging-defined NAFLD is among the
highest in Asian countries (especially in South Korea and China) [2].

Table 2

Subgroup analyses - association between H. pylori infection and risk of prevalent NAFLD in
the eligible cross-sectional or case-control studies (n = 11 studies, involving a total of
63,765 middle-aged individuals) stratified by levels of Newcastle-Ottawa quality assess-
ment scale (NOS), degree of covariate adjustment, methods used for diagnosing either
H. pylori infection or NAFLD, and study country.

Newcastle-Ottawa quality assessment scale level

Random-effects OR 1.14 (95% CI 1.02-1.27), > = 16.4%
Number of studies: 6

N = 51,563

Random-effects OR 1.38 (95% CI 1.09-1.73), > = 74.7%
Number of studies: 5

N = 12,202

NOS 2 8 stars

NOS < 8 stars

Degree of covariate adjustment

Random-effects OR 1.19 (95% CI 1.07-1.32), > = 0%

Number of studies: 3

N = 28,056

No full covariate Random-effects OR 1.23 (95% CI 1.03-1.47), P =
adjustment 68.9%

Number of studies: 8

N = 35,709

Full covariate adjustment*

Diagnostic methods of H. pylori infection

Random-effects OR 1.26 (95% CI 1.0-1.61), > = 56.0%
Number of studies: 4

N =10,876

Random-effects OR 1.19 (95% CI 1.02-1.39), > = 66.4%
Number of studies: 7

N = 52,889

Serological test

Urea breath test

Diagnostic methods of NAFLD

Random-effects OR 3.15 (95% Cl 1.47-6.75), P = 0%
Number of studies: 2

N =183

Random-effects OR 1.18 (95% Cl 1.04-1.34), I> = 60.8%
Number of studies: 8

N =59,919

Random-effects OR 1.13 (95% CI 0.97-1.31)

Number of studies: 1

N = 3663

Biopsy

Ultrasonography

Hepatic steatosis index

Study country

Random-effects OR 3.61 (95% CI 1.04-12.57)

Number of studies: 1

N=53

Asia Random-effect OR 1.19 (95% CI 1.05-1.35), I = 62.8%
Number of studies: 9

N = 58,308

Random-effects OR 1.17 (95% CI 0.95-1.44)

Number of studies: 1

N = 5404

Greece

United States

" Full covariate adjustment: studies adjusting at least for age, sex, body mass index,
smoking, diabetes and other metabolic risk factors.

The pathophysiological inter-relationships between NAFLD and
chronic H. pylori infection and are not well understood. However,
there is emerging evidence that this pathogen might partly contribute
to the development and progression of NAFLD [7,10,40]. Some studies
have identified Helicobacter species in human liver samples from
patients with various chronic liver diseases, including NAFLD [33,40].
Furthermore, H. pylori infection may promote NAFLD, possibly through
delivery of inflammatory stimuli (e.g., lipopolysaccharide) from Gram
-ve microaerophilic H. pylori directly into the portal circulation and
also via the development of chronic inflammation (e.g., by increasing
the levels of interleukin-6, tumor necrosis factor-alpha and other
proinflammatory cytokines), enhanced oxidative stress, altered
adipocytokine secretion pattern, and systemic insulin resistance
[7,10,40-43]. Recently, the gut microbiota has been also implicated in
NAFLD pathogenesis [4,5]. Cytotoxin-associated gene A antigen
(CagA), i.e. the virulence factor of H. pylori [6], has been demonstrated
to alter the gut microbiota, resulting in the exacerbation of cell



Simple NAFLD HPI Hazard ratio %

Author Year Size Country Diagnosis infection (HR) (95% Cl)  Weight
]
]
1
1
Kim 2017 17028 South Korea Ultrasonography Antibody —:0— 1.16 (1.05, 1.30) 52.19
]
]
1
1
]
Abdel-Bazik 2018 369 Egypt Hepatic Steatosis Index Faecal antigen test —0:— 1.11 (1.04, 1.30) 47.81
1
1
Overall (I-squared = 0.0%, p = 0.576) 1.14 (1.05, 1.23) 100.00

NOTE: Weights are from random effects analysis

Fig. 3. Forest plot and pooled estimates of the effect of H. pylori infection (diagnosed non-invasively by serological or faecal tests) on the risk of incident NAFLD in longitudinal studies (n = 2). Legend for the forest plot figure: the continued line
represents the null line indicating no difference between two groups; the dotted line represents the overall point effect estimate; the empty diamond represents the overall point effect estimate and 95% confidence intervals; the full diamond
represents the point effect estimate for each study with 95% confidence intervals represented as length of the lines; the square symbols represent the weight of the study. Abbreviations: HPI, Helicobacter pylori infection; I-squared, I? statistic.
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proliferation and immune phenotypes. These H. pylori-induced alter-
ations in the microbiota composition and intestinal mucosal barrier
may influence the risk of developing NAFLD [4]. Finally, small pilot studies
also suggested that H. pylori eradication therapy could have some benefi-
cial effects on serum liver enzyme levels and other surrogate markers of
NAFLD [23,44-46]. However, further studies are needed to better elucidate
the potential benefits of H. pylori eradication therapy on NAFLD (before
promoting the use of certain antibiotics to prevent or even treat NAFLD).

Our meta-analysis has some important limitations that should be
considered. First, the observational design of the studies does not
allow establishing a causal relationship between H. pylori infection
and risk of NAFLD. Second, since the overall quality of some included
studies is not consistently high, and some of these studies have reported
incomplete adjustments for known risk factors of NAFLD (e.g., waist cir-
cumference and insulin resistance), the possibility of residual confound-
ing by unmeasured factors cannot be ruled out. Importantly, in none of
the eligible studies the association between H. pylori infection and
NAFLD was adjusted for diet composition, lifestyle, and socio-
economic factors. Third, although we used a random-effects model,
some results of our meta-analysis require careful interpretation (given
the medium-high heterogeneity observed in the pooled primary analy-
sis of cross-sectional/case-control studies [> = 59.6%]). In contrast, no
heterogeneity was observed in the pooled primary analysis of longitudi-
nal studies (> = 0%). However, when we examined the possible sources
of statistical heterogeneity using subgroup analyses, we found that the
observed medium-high heterogeneity most likely reflected differences
in the study design of the studies (case-control vs. cross-sectional).
Fourth, most studies originate from Asian countries (11 out of 13 stud-
ies), where large populations undergo regular health check-up pro-
grams, including liver ultrasonography and non-invasive tests for
H. pylori infection. As Asian and non-Asian populations have different
genetic/cultural backgrounds, dietary habits and body fat distributions,
as well as different H. pylori infection rates and strains, further studies
should be conducted in non-Asian populations. Fifth, the studies in-
cluded in the meta-analysis used either urea breath test or faecal anti-
gen test (i.e., the two most accurate diagnostic methods in clinical
practice, which have a specificity and sensitivity of ~95%) or serological
testing for IgG antibodies (that is the least accurate and cannot distin-
guish current from past infection) for diagnosing H. pylori infection
[6]. Unfortunately, none of the studies confirmed the diagnosis by
means of endoscopic gastric biopsy. Finally, another possible limitation
of this meta-analysis is that only two case-control studies used liver bi-
opsy (i.e. the reference method for diagnosing and staging NAFLD),
whereas most studies used liver ultrasonography [47-49].

Despite these limitations, our meta-analysis has several important
strengths. The large number of individuals with H. pylori infection and
NAFLD has provided high statistical power to assess the magnitude of
the relationship between these two common conditions. Finally, al-
though a selective reporting bias of eligible studies could be not defi-
nitely excluded (because we did not include ‘grey’ literature in the
meta-analysis, i.e., unpublished studies and studies published outside
widely available journals), we think our comprehensive search has
made it unlikely that any published reports were missed, while visual
inspection of the funnel plot and the Egger's regression test did not re-
veal any significant publication bias. There is debate in the literature
about the inclusion or exclusion of ‘grey’ literature in a meta-analysis.
Although it is plausible to hypothesize that meta-analyses not including
unpublished or grey literature study results are likely to overestimate
the pooled effect estimates (especially in those meta-analyses that ex-
amined the effectiveness of intervention of randomized controlled tri-
als), current research shows that this is only the case in a minority of
meta-analyses [50,51]. That said, as reported in Supplementary Fig. S4,
we did not observe any difference in the pooled primary analysis of
cross-sectional/case-control studies (n = 14 studies; random-effects
OR 1.21,95% CI 1.11-1.33; > = 57.5%), even when we included in our
meta-analysis three cross-sectional studies (included in the two

aforementioned meta-analyses [34,38]) that were published only as
congress abstracts [35,36,39].

In conclusion, the results of this updated systematic review and
meta-analysis of observational studies suggest that H. pylori infection
was associated with mildly increased risk of both prevalent and incident
NAFLD in middle-aged individuals. However, it is important to note that
the observational design of the eligible studies does not allow for estab-
lishing a causal association between H. pylori infection and NAFLD. Fur-
ther studies, particularly in non-Asian individuals, are certainly
needed to further validate these findings.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.metabol.2019.04.012.
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