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ABSTRACT

Since numerous studies have stated that there may be a relationship between Helicobacter pylori infection and nonalcoholic fatty
liver disease, and because of the high prevalence of both conditions worldwide, this study investigated the risk of non-alcoholic fatty
liver disease in patients infected with H. pylori. Following a systematic review of PubMed, Scopus, Web of Science and Embase, and a
search in Google Scholar using MeSH terms such as H. pylori and non-alcoholic fatty liver disease, the relevant papers up to November
2020 were reviewed. All cohort, case-control, and cross-sectional studies that examined the risk of developing non-alcoholic fatty liver
disease in patients infected with H. pylori entered this study. A meta-analysis was conducted in STATA 11. This systematic review exam-
ined 22 papers with 117 117 participants (33 711 patients infected with H. pylori and 83 406 participants as control) and 20 studies
were subjected to meta-analysis The results indicated a 22% to 27% increase in the risk of developing non-alcoholic fatty liver disease
in patients infected with H. pylori (crude odds ratio: 1.27, 95% ClI: 1.17-1.33; and adjusted odds ratio: 1.22, 95% CI: 1.09-1.35). According
to the subgroup analysis, the study region, sample size, and the method of diagnosing H. pylori were the factors contributing to the high
heterogeneity. The meta-analysis revealed the increased risk of developing non-alcoholic fatty liver disease in patients infected with
H. pylori. This indicates that H. pylori is a serious risk factor in patients susceptible to NAFLD.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease worldwide.! The estimated
prevalence of NAFLD worldwide is approximately 25%,
and its highest prevalence rates are observed in the
Middle East (32%), followed by South America (31%).24
Based on current literature, there is no proven treatment
for NAFLD. However, lifestyle modification and exercise
to reduce 7-10% of weight can help to improve liver fat
content, inflammation, and fibrosis.> Non-alcoholic fatty
liver disease is known as a major global health concern
and governments incur high costs for its research and
treatment.? The risk of NAFLD is associated with and
increased by conditions such as type 2 diabetes, cardio-
vascular disease, and chronic kidney and liver diseases.”®

In addition, given the strong relationship between NAFLD
and obesity, dyslipidemia, insulin resistance, type 2 dia-
betes, and hypertension, it is also known as the hepatic
manifestation of metabolic syndrome.’® Given the sig-
nificant prevalence of NAFLD around the world, special
attention is paid to risk factors and factors affecting the
prevalence and exacerbation of the disease.

Helicobacter pylori is a gram-negative bacterium which
colonizes the gastric mucosa and increases the risk of
developing chronic gastritis, gastric ulcer, gastric ade-
nocarcinoma, and mucosa-associated lymphoid tis-
sue lymphoma.'" About 50% of the global population is
infected with this pathogen. Prevalence varies accord-
ing to geographical location. It is more prevalent in
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developing countries and less prevalent in developed
nations.”>" Numerous clinical and animal studies have
highlighted the relationship between H. pylori infection
and the progression of liver fibrosis, cirrhosis, and
hepatocellular carcinoma.'*'® Several global'”*° and
regional®’ meta-analyses have investigated the relationship
between H. pylori infection and the progression of NAFLD.
In this meta-analysis, subgroup analysis was conducted
to examine the sources of heterogeneity in the early
studies. Several quality studies have emerged in the past
2 years, which have been used in the present study for a
structural analysis on the relationship between H. pylori
infection and prevalence of NAFLD.

MATERIALS AND METHODS

The protocols of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
line were followed for study design, search approach,
screening, and reporting. We performed a systematic
review and meta-analysis of cohort, case-control, and
cross sectional studies.

Search Strategy

The title and abstract fields of electronic databases
including PubMed, Scopus, and Embase, and the title,
abstract, and keyword fields of Web of Science were
investigated, without limitation in publication date until
November 2020. Our systematic search was conducted
using the following keywords: “Helicobacter pylori”
OR “Campylobacter pylori” OR "H pylori” OR “"HP" and
“Non-alcoholic Fatty Liver Disease” OR "“Nonalcoholic
Steatohepatitis” OR "fatty liver” OR “NAFLD"” OR "NASH".

A manual search was conducted by investigating the ref-
erence list of articles included and reference list of the
related review studies. The Google Scholar search engine
was also used at this stage.

Eligibility Criteria
The inclusion criteria used to select the articles were as
follows:

» Cohort, case—control, or cross-sectional studies;

» Studies including patients with NAFLD;

» Studies evaluating H. pylori infection in patients;

+ Studies in English (or available in English too) and pub-
lished by November 2020; and

» Studies with no restriction on place of study.

The exclusion criteria used to eliminate articles were as
follows:

* Studies with other designs, including clinical trials,
case series, and case reports; .

» Laboratory and animal studies; and

» Studies performed only among elderly patients or
children.

Study Selection

This phase consisted of 3 sections. Initially, duplicates
were removed by EndNote software. Then, 2 research-
ers (KH and MY) independently screened the articles
obtained following the search based on the criteria listed
by title and abstract. In case the eligibility of an article was
doubtful according to title and abstract, the full version of
the paper was acquired and then decided upon. A third
researcher (RAN) as a referee was questioned about any
disagreement between KH and MY. The current study
investigated the risk of developing NAFLD in patients
with H. pylori infection.

Quality Assessment

The Newcastle-Ottawa Quality Assessment check-
lists were used for evaluating the quality of the included
studies. Two researchers in the team performed quality
assessment of the studies independently. A third team
member resolved any disagreements at this stage.

The studies included were classified into 3 categories.
Studies with scores of 1, 2, and 3 were classified as poor,
those with scores of 4, 5, and 6 were considered as mod-
erate, and studies with scores of 7, 8, and 9 were regarded
as good.

Data Extraction

Data were extracted from the full text of eligible articles.
Information of all papers, including the name of first
author, year of publication, type of study, mean age of
patients, number of participants, number of patients with
NAFLD, number of patients with H. pylori infection, diag-
nostic method of NAFLD and H. pylori, and the adjusted
and crude odds ratios for developing NAFLD in patients
with H. pylori infection were extracted.

Data Analysis

The heterogeneity of the studies was evaluated using
the [? statistic. Based on the Cochrane Handbook for
Systematic Reviews of Interventions,?? the I? value was
interpreted as follows: 0-40%: might not be impor-
tant; 30-60%: may represent moderate heterogeneity;
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50-90%: may represent substantial heterogeneity; and
75-100%: considerable heterogeneity. In the case of zero
frequency, a correction value of 0.1 was used. According
to the results and in the case of 12, more than 40% of the
random effect model was used to combine the results of
the studies. Data were analyzed using STATA version 11
software and a forest plot chart.

To identify the potential source of heterogeneity, a sub-
group analysis based on location of study, design, sample
size, case-to-control ratio, diagnostic method of H. pylori
and NAFLD, and quality assessment score was performed.

The odds ratio (OR) was used for outcome estimation,
whenever appropriate, with 95% CI.

RESULTS

Study Selection Process

The database search yielded 1931 results. After exclusion
of duplicated results and initial screening, 1332 papers
were assessed for eligibility. Twenty-two papers were
selected for qualitative synthesis. Finally, 18 papers
entered the meta-analysis. Two articles were obtained by
a manual search of different sources. The screening pro-
cess is shown in the PRISMA flow diagram (Figure 1).

Study Characteristics

The sample size of the studies ranged from 53 to 21
456, with a total of 33 711 cases with NAFLD and 83
406 healthy controls. The characteristics of the stud-
ies that entered into the systematic review are shown
in Table 1.

Quality Assessment

According to the quality assessment performed by the
Newcastle-Ottawa Quality Assessment Form, 10 stud-
ies were of good quality and the other 8 studies were of
moderate quality.

META-ANALYSIS FINDINGS

Non-Alcoholic Fatty Liver Disease and H. pylori
Infection

The meta-analysis indicated that odds of developing
NAFLD increased by 27% in individuals with H. pylori infec-
tion (crude OR: 1.27, 95% Cl: 1.17-1.33). After adjusting OR
for potential confounders, the meta-analysis showed 22%
increase in the development of NAFLD in patients with
H. pylori infection (adjusted OR: 1.22, 95% CI: 1.09-1.35)
(Figures 2 and 3).

0dds of Non-Alcoholic Fatty Liver Disease

Based on Region

Pooled estimates of the studies revealed a narrow range of
odds of developing NAFLD, across countries (Table 2).
The highest and the lowest rates were for Egypt
(crude OR: 1.71, 95% CI: 0.82-2.60) and South Korea
(crude OR: 1.17, 95% CI: 0.89-1.45). After adjusting
the odds ratio for confounders, the combination analy-
sis showed similar odds ratios regarding China and the
United States (adjusted OR: 1.30, 95% CI: 1.11-1.49,
and adjusted OR: 1.23, 95% CI: 0.89-1.57, respectively)
(Table 2).

0dds of Non-alcoholic Fatty Liver Disease Based on
Diagnostic Methods

The urea breath test (UBT) was the most common
method used to evaluate the H. pyloriinfection (9 studies),
followed by serology (8 studies), histology (3 studies), and
other methods (3 studies). The pooled odds ratios for
developing NAFLD in H. pylori-positive patients detected
by the UBT (crude OR: 1.22, 95% CI: 1.09-1.34, adjusted
OR: 1.11, 95% CI: 1.03-1.18), serology (crude OR: 1.36,
95% CI: 1.19-1.563, adjusted OR: 1.27, 95% CI: 0.90-1.64),
and histology (crude OR: 1.02, 95% CI: 0.49-1.56), as
shown in Table 2.

Ultrasonography and histology were the most frequently
used diagnostic test methods for NAFLD. The lowest
odds ratio for developing NAFLD was for histology (crude
OR: 1.03, 95% CI: —0.48-2.54) and the highest odds
ratios were for other methods (various criteria were used
to detect NAFLD in some studies) (crude OR: 1.71, 95%
Cl: 1.02-2.39 and adjusted OR: 1.35, 95% CI: 0.91-1.80)
(Table 2).

0dds of Non-alcoholic Fatty Liver Disease Based on
Study Design

Meta-analysis demonstrated a considerable difference in
odds ratio for developing NAFLD in people with H. pylori
infection based on study design. The highest odds ratios
were for case-control studies (crude OR: 2.24, 95% CI:
0.51-3.97, and adjusted OR: 2.02, 95% CI: 0.35-3.68), and
the lowest odds ratios were for cross-sectional studies
(crude OR: 1.23,95% Cl: 1.12-1.34, and adjusted OR: 1.21,
95% CI: 0.86-1.18) (Table 2).

0dds of Non-alcoholic Fatty Liver Disease Based on
Sample Size

Most of the included studies had a sample size less
than 10 000 patients (16 studies). The pooled estimates
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Figure 1. PRISMA flowchart for study selection process.

of studies with sample size less than 10 000 patients
revealed a lower odds ratio for developing NAFLD in
H. pylori-positive patients (crude OR: 1.26, 95% CI: 1.13-
1.40, and adjusted OR: 1.16, 95% CI: 1.03-1.29) in com-
parison with studies with sample size greater than 10 000
patients (crude OR: 1.30, 95% Cl: 1.11-1.50, and adjusted
OR:1.27,95% CI: 1.04-1.50) (Table 2).

0dds of Non-alcoholic Fatty Liver Disease Based on
Publication Status

Twenty out of the 22 included studies were full-text and
the combined odds ratios of these studies were smaller
than other conference abstracts (crude OR: 1.27, 95% Cl:
1.16-1.39, and adjusted OR: 1.22, 95% CI: 1.09-1.35 vs
crude OR: 2.49, 95% CI: —1.32-6.30) (Table 2).
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Figure 2. Forest plot evaluating the overall risk of non-alcoholic fatty liver disease with Helicobacter pylori infection (crude odds ratio).
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Figure 3. Forest plot evaluating the overall risk of non-alcoholic fatty liver disease with Helicobacter pylori infection (adjusted odds ratio).

Odds of Non-alcoholic Fatty Liver Disease Based on
Quality Assessment Score

Ten studies had scores greater than 6 and the pooled
estimates of these studies were patients (crude OR:

1.29, 95% CI: 1.17-1.40, and adjusted OR: 1.34, 95% CI:
0.69-1.98) in comparison with studies with lower scores
(crude OR: 1.23,95% Cl: 1.01-1.44, and adjusted OR: 1.12,
95% Cl: 1.06-1.18) (Table 2).
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Table 2. Subgroup Analysis of Included Studies

Heterogeneity Heterogeneity
Number of  Crude Pooled OR Number of  Adjusted Pooled
Subgroup Studies (95% Cl) I? P Studies OR (95% Cl) I? P
Year of publication
<2016 1.38 (1.08-1.68) 84.9 .00 2 1.87 (-0.20-3.94) 79.4 .02
>2016 14 1.27 (1.15-1.39) 855 .00 9 1.24 (1.10-1.38) 915 .00
Type of publication
Full text 18 1.27 (1.16-1.39) 85.8 .00 11 1.22 (1.09-1.35) 90.0 .00
Conference abstract 2.49 (-1.32- 54.2 14 - - - -
6.30)
Study design
Cross-sectional 16 1.23 (1.12-1.34) 84.0 .00 1.21 (1.06-1.37) 925 .00
Case-control 2.24 (0.51-3.97) 94.3 .00 2.02 (0.35-3.68) 68.9 .07
Cohort 1.31 (1.20-1.41) 0.0 .82 - - - -
Area
China 9 1.33 (1.18-1.49) 91.9 .00 1.30 (1.11-1.49) 94.8 .00
USA - - - - 1.23 (0.89-1.57) 124 .28
Egypt 1.71 (0.82-2.60) 0.0 .82 - - - -
South Korea 1.17 (0.89-1.45) 88.5 .00 - - - -
Sample size
>10 000 1.30 (1.11-1.50) 96.0 .00 1.27 (1.04-1.50) 97.7 .00
<10 000 16 1.26 (1.13-1.40) 69.3 .00 1.16 (1.03-1.29) 45.4 .08
HP diagnostic method
Serology 1.36 (1.19-1.563) 83.0 .00 4 1.27 (0.90-1.64) 93.4 .00
Urease breath test 1.22 (1.09-1.34) 79.8 .00 1.11 (1.03-1.18) 58.9 .00
Biopsy/ histology 1.02 (0.49-1.56) 34.4 .21 - - - -
NAFLD diagnostic
method
Ultrasonography 14 1.26 (1.15-1.36) 85.2 .00 7 1.22 (1.07-1.37) 93.3 .00
Biopsy/histology 1.03 (-0.48- 53.3 |
2.54)
Other methods 3 1.71 (1.02-2.39) 93.5 .00 4 1.35(0.91-1.80) 70.2 .01
NOS score
<6 1.20 (0.94-1.47) 88.8 .00 1.34 (0.69-1.98) 97.7 .00
>6 10 1.29 (1.17-1.40) 81.3 .00 9 1.12 (1.06-1.18) 42.0 .08
Odds of Non-alcoholic Fatty Liver Disease DISCUSSION

Based on Publication Year

Meta-analysis shows similar odds ratios for developing
NAFLD in people with H. pylori infection based on studies
published in 2016 and earlier, and those published after
2016 (crude OR: 1.38,95% Cl: 1.08-1.68, and adjusted OR:
1.27, 95% Cl: 1.15-1.39 vs crude OR: 1.27, 95% CI: 1.15-
1.39, and adjusted OR: 1.24, 95% CI: 1.10-1.38) (Table 2).

This systematic review and meta-analysis combined the
data on 117 117 participants in 22 studies that exam-
ined the chances of developing non-alcoholic fatty
liver disease in patients with H. pylori infection. The
results suggested a 22% increased risk of developing
NAFLD in patients infected with H. pylori. To examine
the statistical heterogeneity in the studies included in
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this meta-analysis, the chances of developing NAFLD
were investigated based on different variables includ-
ing H. pylori and NAFLD diagnostic methods, design of
the study, sample size, location of study, and the qual-
ity assessment score. In general, the heterogeneity of the
studies was significant. According to the subgroup analy-
sis, the region under study, sample size, and the H. pylori
diagnostic method were the factors that contributed
to the high heterogeneity. However, in all of the men-
tioned subgroup analyses, the risk of developing NAFLD
in patients with H. pylori infection was higher than in the
other participants. In the raw and specific analyses, only
1 study indicated that the chance of developing NAFLD
in the patients with H. pylori was lower than that in the
normal participants.2324

The results of this study complied with those of the
previous systematic reviews and meta-analyses."""92" In
one of them, which reported the results of 6 studies,
the chance of developing NAFLD in patients with H.
pylori infection was 1.21 (1.07-1.37)."® They reviewed
the full text and conference abstract of studies similar
to the present study. In the present study, all relevant
papers including full texts and conference abstracts
were included. To examine heterogeneity, they were
analyzed separately and the results indicated a signifi-
cant difference in the results of the 2 studies. The OR
obtained from the conference abstracts was almost
twice that of the full-text studies. In a study which col-
lected the results of 12 studies, the reported OR was
1.36 (1.22-1.53)." In the meta-analyses conducted
by Zhou et al'® and Xu et al*" who examined the same
issue, the chances of developing NAFLD in patients with
H. pylori infection were 1.19 (1.29-1.11) and 1.20 (1.28-
1.13), respectively. The study by Xu et al?' was a regional
one, conducted only on Chinese participants. The pres-
ent study included papers from all around the world and
provided more reliable results. Lie et al*® conducted the
most comprehensive study in Chinese databases that
has ever been carried out. It was the only review study
which reported a higher chance compared to that of
the present one. The meta-analysis in the present study
includes a larger sample size compared to previous stud-
ies and it is the most up-to-date.

The relationship between H. pylori and NAFLD can be
investigated from various aspects. There are theories
which associate NAFLD with H. pylori. For example, dis-
ruption of the gastrointestinal epithelium and the trans-
port of H. pylori-related metabolites through portal flow

to the liver activate the inflammatory process by toll-like
receptors, which may progress to NAFLD.2526

To the best of our knowledge, there are a limited num-
ber of studies that evaluate the effect of H. pylori eradi-
cation on NAFLD, and the results of these studies are
inconsistent. Jamali et al?’” have compared liver fat con-
tent in a group of patients with NAFLD who received a
H. pylori eradication regimen (n = 48) with a group of
patients with NAFLD. without any treatment for H. pylori
eradication (n = 50). The results of this study reveal no
significant difference between liver fat content, labora-
tory parameters, and changes in the anthropometric
measurements between the 2 groups.?’” Another study
that evaluated 13 patients with biopsy-proven NAFLD
showed H. pylori eradication had no significant long-term
effect on hepatic steatosis.?® Based on our study, H. pylori
infection increases the risk of developing NAFLD. Hence,
it would be more logical to expect better improvement
in patients with NAFLD who receive H. pylori eradication
therapy. However, the available evidence does not sup-
port this theory. Therefore, more comprehensive studies
with a greater sample size are needed to attain more con-
sistent results.

This study encountered several limitations, as follows.
(1) data were limited in some studies, and therefore, they
could not be included in the meta-analysis; (2) some eli-
gible studies based on inclusion and exclusion criteria
failed to provide sufficient information to calculate the
intended effect size in the study; (3) since the prevalence
rates of H. pylori infection varied in different regions, and
because genetics plays a major role in the prevalence of
diseases, it was not possible to examine the studies geo-
graphically for a more dedicated analysis; and (4) most
studies had a cross-sectional design; therefore, it is sug-
gested to design and conduct prospective cohort studies
to better investigate various aspects of the relationship
between H. pylori infection and NAFLD.

CONCLUSION

According to this meta-analysis, H. pylori infection
increases the risk of developing non-alcoholic fatty liver
disease and can be considered an independent risk fac-
tor for NAFLD. Given the strong role of H. pylori infection
in developing NAFLD, it is suggested that future research
investigates screening and eradication of this infection in
patients who are at high risk of NAFLD and/or are in the
early stages of this disease.
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