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Background: Helicobacter pylori (H. pylori) infection and nonalcoholic fatty liver

disease (NAFLD) represent significant concerns in global health. However, the

precise relationship between H. pylori and NAFLD remains a subject of ongoing

debate. This study endeavors to elucidate the association between H. pylori

infection and the susceptibility to NAFLD. Furthermore, we aim to investigate

the interplay among H. pylori infection, NAFLD, and metabolic syndrome (MetS).

Methods: We conducted an extensive search of the PubMed, EMBASE, and

Web of Science databases spanning from inception to January 2024. Our

examination focused on rigorous studies investigating the correlation between

H. pylori infection and NAFLD. Utilizing a random-effects model, we computed

the pooled odds ratio (OR) and corresponding 95% confidence interval

(CI). Additionally, we assessed statistical heterogeneity, performed sensitivity

analyses, and scrutinized the potential for publication bias.

Results: Thirty-four studies involving 175,575 individuals were included in

our meta-analysis. Among these, 14 studies (involving 94,950 patients)

demonstrated a higher incidence of NAFLD in H. pylori infection-positive

individuals compared to H. pylori infection-negative individuals [RR = 1.17, 95%

CI (1.10, 1.24), Z = 4.897, P < 0.001]. Seventeen studies (involving 74,928 patients)

indicated a higher positive rate of H. pylori infection in patients with NAFLD

compared to those without NAFLD [RR = 1.13, 95% CI (1.02, 1.24), Z = 2.395,

P = 0.017]. Sensitivity analyses confirmed the robustness of these findings,

and funnel plot analysis revealed no significant publication bias. Furthermore,

we observed associations between H. pylori infection or NAFLD and various

metabolic factors, including body mass index (BMI), blood pressure, lipids, liver

function, and kidney function.

Conclusion: Our meta-analysis presents evidence supporting a reciprocal

relationship between H. pylori infection and the susceptibility to NAFLD.
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Nevertheless, additional investigations are warranted to bolster this correlation

and unravel the underlying mechanisms involved.

KEYWORDS

Helicobacter pylori, nonalcoholic fatty liver disease, meta-analysis, metabolic
syndrome, incidence, risk factors

1 Introduction

Helicobacter pylori (H. pylori) is a bacterium with a Gram-
negative structure known for its colonization of the gastric
epithelium. This bacterium has been linked to the development
of peptic ulcers, gastric cancer, and gastric mucosa-associated
lymphoid-tissue (MALT) lymphoma (1, 2). H. pylori infection is
known to be one of the most common gastrointestinal infections
in humans (1, 2). A survey conducted on family units in China
revealed a prevalence rate of approximately 40.66% for H. pylori,
with rates of 43.45% in adults and 20.55% in children and
adolescents (3). Despite a global decline in the prevalence of
H. pylori infection from 58.2% in the period of 1980–1990 to
43.1% in the period of 2011–2022 (4), it continues to pose a
significant clinical and public health burden. Furthermore, beyond
its correlation with gastric disorders, H. pylori infection has
been associated with a range of extragastric conditions, including
stroke, Alzheimer’s disease, and nonalcoholic fatty liver disease
(NAFLD) (5).

NAFLD is a significant public health concern affecting
approximately 25% of the global population (6). According to
a study published in 2022, the global prevalence of NAFLD
was found to be 32.4% (7). Additionally, there is a projection
indicating that the prevalence of NAFLD is expected to rise to 56%
over the next decade (8). NAFLD includes both simple steatosis
(SS) and non-alcoholic steatohepatitis (NASH), with the latter
having the potential to advance to cirrhosis and hepatocellular
carcinoma (HCC). In addition, NAFLD is closely associated with
various extrahepatic conditions, including cardiovascular disease,
obesity, diabetes, and hyperuricemia (9). Consequently, tackling
NAFLD is paramount. Despite continuous research endeavors,
the exact causes and mechanisms underlying NAFLD remain
incompletely understood.

Insulin resistance and metabolic syndromes (MetS) such as
hypertension, obesity, dyslipidemia, and type 2 diabetes mellitus
are well-established risk factors for NAFLD (10). The correlation
between H. pylori infection and the susceptibility to NAFLD
has been explored in numerous studies; however, the results
have been inconclusive. The findings of Polyzos et al. (11)
suggest that H. pylori infection is an independent risk factor for
NAFLD progression. In contrast, a cross-sectional study found that
H. pylori infection was not listed as a risk factor for NAFLD (12).
Furthermore, another observational study found no association
between H. pylori infection and NAFLD diagnosis in a central
European cohort (13). To our knowledge, the number of studies
evaluating the impact of H. pylori eradication on NAFLD is limited,
and the results of these studies are inconsistent. Some studies have
found that H. pylori eradication may play a role in reducing the risk

of NAFLD (14). Another study evaluated 13 patients with biopsy-
proven NAFLD and showed that eradication of H. pylori had no
significant long-term effect on hepatic steatosis (15).

Considering the escalating worldwide prevalence of NAFLD
and its significant clinical and economic ramifications, it becomes
crucial to elucidate the possible detrimental impacts of H. pylori
infection on the risk of NAFLD. Therefore, we undertook a recent
meta-analysis to investigate the association between H. pylori
infection and NAFLD.

2 Materials and methods

2.1 Registration

This study was registered on the PROSPERO with a registration
number CRD42023488399.

2.2 Literature search

The correlation between H. pylori infection and NAFLD
was investigated by accessing the following databases: CNKI,
VIP, Wanfang, PubMed, and Web of Science. The search
period encompassed the establishment of these databases up
until January 2024. Subject terms used in the search included
“Helicobacter pylori,” “Helicobacter pylori infection,” “Helicobacter,”
“H. pylori,” “HP,” “Nonalcoholic fatty liver disease,” “Nonalcoholic
steatohepatitis,” “NAFLD,” “NASH,” “NAFL,” and others. The
search was confined to full-text articles, and language restrictions
were not imposed.

2.3 Eligibility criteria

(i) The study population should include patients with a
diagnosis of NAFLD and detectable H. pylori infection; (ii) the
study methodology should clearly report the diagnosis of H. pylori
infection and NAFLD; and (iii) the study outcomes should include
the counts of patients positive and negative for H. pylori infection,
both with and without NAFLD.

2.4 Exclusion criteria

(i) Studies that did not exclude individuals with heavy
alcohol consumption (usually defined as < 20 g/day for women
and < 30 g/day for men) or other competing chronic liver
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diseases (e.g., viral hepatitis, iron overload, and use of potentially
hepatotoxic drugs); (ii) Laboratory and animal studies; studies in
pediatric populations (< 18 years); (iii) reviews, case studies, survey
analyses, conference abstracts, and irrelevant literature; and (iv)
duplicates of published literature.

2.5 Data extraction

Two independent evaluators reviewed the titles, abstracts, and
full text of the literature obtained from each database. They assessed
the eligibility of each article based on the criteria stated above. In
cases of disagreement, the original articles were reviewed again, and
consensus was reached through discussion. Pertinent information
was extracted from the screened literature, including details such as
authors, year, country, study type, sample size, gender, age, H. pylori
testing method, and NAFLD diagnostic method.

2.6 Diagnosis

H. pylori infection can be detected through either invasive
methods, such as endoscopic biopsy, or noninvasive tests including
serology, the 13C or 14C urea breath test, and fecal antigen
test. NAFLD diagnosis can involve histology, ultrasonography, or
surrogate markers like the hepatic steatosis index (HSI), NAFLD-
liver fat score (NAFLD-LFS), and/or fatty liver index (FLI).

2.7 Study quality assessment

Two evaluators used the JBI scale to assess the quality of
cross-sectional study literature in ten areas. These areas included
the purpose of the study, selection of the population, sample
characteristics, inclusion and exclusion criteria for the sample,
credibility and validity of data collection, authenticity of the data,
ethical considerations, correctness of the statistical methodology,
accuracy of the findings, and elaboration of the study’s value.
A score of 14 or higher was considered indicative of high-
quality literature. The quality of cohort study literature was
evaluated using the NOS score, which assessed eight aspects.
These aspects included the selection of the exposed and non-
exposed populations, the method of measuring exposure factors,
whether the outcome of interest occurred before the intervention,
comparability of the exposed and non-exposed groups, accuracy
and unbiasedness of outcome assessment, whether the follow-
up duration was sufficient, and the adequacy of the follow-
up process. For case-control studies, the NOS score evaluated
their quality based on several factors. These factors included the
appropriateness of case identification, representativeness of cases,
selection of controls, identification of controls, comparability of
cases and controls, identification of exposure factors, method
of identification of exposure factors, and non-response rate.
Scores ranging from 1 to 3, 4 to 6, and 7 to 9 were used
to evaluate the low, medium-high, and high quality of the
literature, respectively.

2.8 Statistical analyses

The extracted data were subjected to meta-analysis utilizing
STATA 16.0 software. The specific process was as follows: (i)
Effect size selection: dichotomous variables were evaluated using
relative risk (RR), while continuous variables were assessed through
weighted mean difference (WMD). Their corresponding 95%
confidence intervals (CI) were then computed. (ii) Heterogeneity
test: taking P-value and I2 as criteria, when P > 0.1 and I2

≤ 50%,
heterogeneity was small, and a fixed effect model (Fixed Effect, FE)
was used for analysis. When P ≤ 0.1 and I2 > 50%, heterogeneity
was large, and a random effect model (Random Effect, RE) was
used for analysis. (iii) Evaluation of publication bias: Funnel
plots and egger tests were drawn for the literature on the main
indicators to evaluate whether there was a possibility of publication
bias. (iv) Sensitivity analysis: In the case of notable heterogeneity
among the primary indicators’ studies, sensitivity analysis ought
to be conducted, and efforts made to identify the root cause of
such heterogeneity.

3 Results

3.1 Study characteristics

The initial review identified a total of 544 documents. After
removing duplicates and other unqualified documents, 243 studies
were retained. Eventually, 34 studies were included in the analysis
(Figure 1) (16–50). These 34 studies were published between 2011
and 2024. The majority of the studies were carried out in China,
with the United States, Japan, Iran, Korea, and Brazil following suit.
Study designs primarily consisted of cross-sectional, cohort, and
case-control studies. In total, there were 175,575 patients included
in the analysis. The distribution of male and female participants
was approximately equal, and their ages ranged from 20 to
70 years. H. pylori infection was predominantly identified through
the C13/C14 breath test, serum H. pylori-specific antibody assay,
or urease test. The diagnosis of NAFLD was mainly established
through abdominal ultrasound, abdominal CT, abdominal MRI, or
liver biopsy. More detailed information can be found in Table 1.

3.2 Study quality

Sixteen out of the 19 cross-sectional studies attained JBI scores
of 14 or higher, while the remaining three achieved scores of 10, 13,
and 13, respectively, indicating the overall high quality of the cross-
sectional studies included. Among the seven cohort studies, two
received NOS scores of 3, deemed as low quality; one study scored
4, two scored 5, and one scored 6, categorized as medium quality,
while one study with an NOS score of 7 was considered high quality.
Additionally, in the eight case-control studies, one study with an
NOS score of 5 and two studies with a score of 6 were classified
as medium quality. Two studies with an NOS score of 7 and three
with a score of 8 were deemed high quality among the remaining
case-control studies (Supplementary Tables 1–3).

Sixteen out of the 19 cross-sectional studies were rated as high
quality with JBI scores of 14 and above. The remaining three studies
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TABLE 1 Characteristics of studies regarding the association of H. pylori infection with NAFLD.

References Country Type of study Sample
size

Gender Age Diagnosis of Hp
infection

Diagnosis of NAFLD

Male female NAFLD/control hp+/hp−

Chen et al. (16) China Cross-sectional
study

962 529 433 – – 14C-UBT Abdominal ultrasound

Lisa et al. (17) China Case-control 504 306 198 41.91 ± 8.29/
42.61 ± 8.17

– 14C-UBT Abdominal ultrasound

Pazizge (18) China Case-control 2,323 1,010 1,313 46.25 ± 10.52/
43.01 ± 14.30

– 13C/
14C-UBT

Abdominal ultrasound

Shen (19) China Cross-sectional
study

2,650 1,169 1,481 – – Serum Hp specific
antibodies

Abdominal ultrasound

Wang (20) China Cross-sectional
study

3,447 1,945 1,502 – 45 (36,53)/
46 (36,54)

13C-UBT Abdominal ultrasound

Zhen (21) China Cohort 2,063 1,091 972 51.38 ± 13.87/
48.04 ± 15.08

48.36 ± 14.80/
48.71 ± 15.03

13C-UBT Abdominal ultrasound

Zhang (22) China Cross-sectional
study

3,947 2,022 1,925 50.63 ± 11.43/
50.61 ± 12.38

– 14C-UBT Abdominal ultrasound

Wang (23) China Cohort 1,902 1,219 683 – – 13C-UBT Abdominal ultrasound

Xu and Li (24) China Case-control 1,000 565 435 53.43 ± 5.12/
53.38 ± 5.06

– 13C-UBT Abdominal ultrasound

Peng et al. (25) China Case-control 250 161 89 53.05 ± 9.62/
53.45 ± 10.06

– 13C-UBT Diagnostic criteria for
non-alcoholic fatty liver

disease

Wu et al. (26) China Case-control 114 – – – 45.6 ± 10.15/
49.3 ± 10.45

13C-UBT Abdominal ultrasound

Zhang and Ding
(27)

China Cross-sectional
study

3,635 – – – – 13C-UBT Abdominal ultrasound

Xie and Yie (28) China Cohort 198 127 71 – 58.4 ± 1.4/
57.1 ± 1.9

14C-UBT Diagnostic criteria for
non-alcoholic fatty liver

disease

Yang et al. (29) China Cohort 160 78 82 – 52.378 ± 9.486/
53.965 ± 6.685

13C-UBT Abdominal ultrasound

Chen et al. (30) China Cohort 109 61 48 – 42.35 ± 12.34/
42.65 ± 12.46

13C-UBT Abdominal ultrasound

Wang et al. (31) China Cohort 848 441 407 – 59.49 ± 11.49/
58.23 ± 12.15

14C-UBT Abdominal ultrasound/
CT/
MRI

Guo (32) China Cross-sectional
study

960 570 390 54.10 ± 12.72/
52.02 ± 12.39

54.10 ± 12.72/
52.02 ± 12.39

14C-UBT Abdominal ultrasound

Zhang et al. (33) China Cross-sectional
study

5,889 3,432 2,457 39.00 ± 15.00/
32.00 ± 11.00

34.00 ± 15.0/
33.00 ± 13.0

13C-UBT Abdominal ultrasound
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TABLE 1 (Continued)

References Country Type of study Sample
size

Gender Age Diagnosis of Hp
infection

Diagnosis of NAFLD

Male female NAFLD/control hp+/hp−

Liu (34) China Cross-sectional
study

2,026 1,284 742 45.75 ± 11.25/
42.50 ± 12.31

– 14C-UBT Abdominal ultrasound

Liu et al. (35) China Cross-sectional
study

14,373 9,164 5,209 50.32 ± 13.79/
49.88 ± 14.00

– 13C-UBT Abdominal ultrasound

Dong (36) China Case-control 296 163 133 46.18 ± 14.85/
43.18 ± 14.46

– Rapid Urease Test Diagnostic criteria for
non-alcoholic fatty liver

disease

Shi et al. (37) China Cross-sectional
study

5,000 2,990 2,010 50 ± 10/
51 ± 9

– 13C-UBT Abdominal ultrasound

Xu (38) China Case-control 112 60 52 44.2 ± 5.8/
43.4 ± 6.2

– Serum Hp specific
antibodies

CT

Mohammadifard
et al. (39)

China Case-control 130 62 78 37.6 ± 5.6/
36.6 ± 6.1

– ELISA Abdominal ultrasound

Jiang et al. (40) China Cross-sectional
study

4,081 1,887 2,194 47.18 ± 13.33/
42.37 ± 13.36

– 13C-UBT Abdominal ultrasound

Wang et al. (41) China Cross-sectional
study

71,633 30,086 41,547 – 46.5 ± 12.5/
44.8 ± 13.3

13C-UBT Abdominal ultrasound

Yan et al. (42) China Cross-sectional
study

1,185 778 407 43.50 ± 9.94/
40.90 ± 11.28

– 13C-UBT Abdominal ultrasound

Baeg et al. (43) South Korea Cross-sectional
study

3,663 – – – – 13C-UBT Hepatic steatosis index (HSI)
and NAFLD liver fat score

(NAFLD-lfs)

Valadares et al. (44) Brazil Cross-sectional
study

88 13 72 – 39.1 ± 11/
39.4 ± 8.1

Rapid Urease Test liver biopsy

Kang et al. (45) USA Cross-sectional
study

5,404 46.1 ± 0.15/
41.5 ± 0.18

48.4 ± 0.26/
40.2 ± 0.12

Serum Hp specific
antibodies

Abdominal ultrasound

Han et al. (46) South Korea Cohort 1,784 1,483 301 – 55.9 ± 9.3/
54.9 ± 10.1

Serum Hp specific
antibodies

CAP

Yu et al. (47) China Cross-sectional
study

20,389 11,969 8,420 50.20 ± 12.13/
46.45 ± 13.60

– 13C-UBT Abdominal ultrasound

Okushin et al. (48) Japanese Cross-sectional
study

13,737 7,419 6,318 – – Serum Hp specific
antibodies

Abdominal ultrasound

Wang et al. (49) China Cross-sectional
study

1,898 1,217 681 – 37.04 ± 0.289/
37.28 ± 0.210

13C-UBT Abdominal ultrasound
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FIGURE 1

Flowchart of the study selection process.

obtained JBI scores of 10, 13, and 13, respectively, suggesting
a generally high quality of the cross-sectional studies included.
Regarding the cohort studies, two out of the seven were assessed as
low quality, each receiving NOS scores of 3. One study had a NOS
score of 4, two studies had a NOS score of 5, and one study had
a NOS score of 6, all of which were evaluated as medium quality.
Furthermore, one study with an NOS score of 7 was assessed as high
quality. Among the case-control studies, one study with an NOS
score of 5 and two studies with an NOS score of 6 were considered
of medium quality. Additionally, two studies with a NOS score of
7 and three studies with a NOS score of 8 were evaluated as high
quality (Supplementary Tables 1–3).

3.2.1 H. pylori infection and occurrence of NAFLD
Seventeen studies, encompassing 74,928 patients, reported the

incidence of H. pylori infection in individuals with NAFLD. The
prevalence of H. pylori infection was found to be higher in NAFLD

patients compared to those without NAFLD [RR = 1.13, 95% CI
(1.02, 1.24), Z = 2.395, P = 0.017] (Figure 2).

3.2.2 NAFLD and occurrence of H. pylori infection
Fourteen studies reported the incidence of NAFLD in H. pylori

infection involving 94,950 patients. The incidence of NAFLD
was higher in H. pylori infection than in H. pylori negativity
[RR = 1.17, 95% CI (1.10, 1.24), Z = 4.897, P < 0.001]
(Figure 3).

3.2.3 Bias assessment
To assess publication bias, a funnel plot and Egger’s test were

employed to scrutinize the incorporation of literature concerning
the association betweenH. pylori infection and the onset of NAFLD,
as well as the presence of H. pylori infection in individuals with
NAFLD. The funnel plot exhibited an asymmetrical distribution
of data points on both sides of the symmetry axis, suggesting
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FIGURE 2

Forest plots for H. pylori infection and occurrence of NAFLD.

FIGURE 3

Forest plots for NAFLD and occurrence of H. pylori infection.

the potential presence of publication bias among the literature
included in this analysis (Figures 4A–D). Furthermore, the egger
test demonstrated an asymmetrical distribution of scatter points
above and below the symmetry axis with the middle line, adding
further evidence to the presence of publication bias.

3.2.4 Sensitivity analysis
All point estimates for the occurrence of NAFLD in H. pylori

infections and the occurrence of H. pylori positivity in NAFLD fell
within the 95% CI of the combined effect sizes, which indicates that
the results of the present study are stable (Figures 5A, B).
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FIGURE 4

Funnel plot and Egger test for the publication bias test of the included studies. (A) Funnel plot for H. pylori infection and occurrence of NAFLD;
(B) Egger test for H. pylori infection and occurrence of NAFLD; (C) Funnel plot for NAFLD and occurrence of H. pylori Infection; (D) Egger test for
NAFLD and occurrence of H. pylori infection.

FIGURE 5

Sensitivity analysis of included studies. (A) H. pylori Infection and OCCURRENCE of NAFLD; (B) NAFLD and occurrence of H. pylori infection.

3.2.5 H. pylori Infection and BMI
The BMI was found to be elevated in patients positive for

H. pylori infection compared to those negative for the infection
[WMD = 0.92, 95% CI (0.55, 1.29), Z = 4.859, P < 0.001]
(Supplementary Figure 1).

3.2.6 NAFLD and BMI
BMI was higher in NAFLD patients than in non-NAFLD

patients [WMD = 3.05, 95% CI (2.13, 3.97), Z = 6.508, P < 0.001]
(Supplementary Figure 2).

3.2.7 H. pylori Infection and FPG
There was no statistically significant variance in FPG levels

between patients with positive H. pylori infection and those without

the infection [WMD = 0.54, 95% CI (−1.13, 2.22), Z = 0.635,
P = 0.525] (Supplementary Figure 3).

3.2.8 NAFLD and FPG
It showed no statistically significant difference in FPG

in NAFLD patients compared to non-NAFLD patients
[WMD = 1.86, 95% CI (−1.83, 5.56), Z = 0.987, P = 0.324]
(Supplementary Figure 4).

3.2.9 H. pylori Infection and liver function (ALT,
AST, GGT)

ALT and GGT were higher in H. pylori infection-positive
patients than in H. pylori-negative patients [WMD = 0.60, 95% CI
(0.59, 0.61), Z = 155.549, P < 0.001; WMD = 2.37, 95% CI (1.29,
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3.45), Z = 4.307, P < 0.001]. AST did not differ between the two
groups (Supplementary Figure 5).

3.2.10 NAFLD and liver function (ALB, ALT, AST,
GGT, TBIL)

ALT, AST and GGT was higher in NAFLD patients than in non-
NAFLD patients [WMD = 10.21, 95% CI (6.59, 13.83), Z = 5.533,
P < 0.001; WMD = 3.95, 95% CI (3.11, 4.78), Z = 9.311, P < 0.001;
WMD = 12.88, 95% CI (6.5, 19.26), Z = 3.958, P < 0.001]. TBIL and
ALB did not differ between the two groups [WMD = 0.69, 95% CI
(−0.24, 1.62), Z = 1.460, P = 0.144; WMD = 0.01, 95% CI (−0.04,
0.06), Z = 0.480, P = 0.631] (Supplementary Figure 6).

3.2.11 H. pylori Infection and kidney function (UA,
Cr, BUA)

UA, Cr and BUA was higher in H. pylori infection-positive
patients than in H. pylori-negative patients [WMD = 6.19, 95% CI
(0.50, 11.87),Z = 2.133, P = 0.033; WMD = 0.59, 95% CI (0.30, 0.88),
Z = 3.966, P < 0.001; WMD = 0.07, 95% CI (0.05, 0.09), Z = 6.649,
P < 0.001] (Supplementary Figure 7).

3.2.12 NAFLD and kidney function (UA, BUA)
UA of NAFLD patients was higher than that of non-NAFLD

patients [WMD = 63.77, 95% CI (47.58, 79.97), Z = 7.717,
P < 0.001]. There was no statistical significance in BUA between
the two groups [WMD = 0.14, 95% CI (−0.11, 0.39), Z = 1.117,
P = 0.264] (Supplementary Figure 8).

3.2.13 H. pylori Infection and blood lipid (TG, TC,
HDL, LDL)

TC, HDL, LDL of H. pylori infection-positive patients was
higher than that of H. pylori-negative patients [WMD = 0.84, 95%
CI (0.10, 0.59), Z = 2.213, P = 0.027; WMD = −0.27 95% CI
(−0.49, −0.05), Z = −2.427, P = 0.015; WMD = 0.11 95% CI
(0.06 0.17), Z = 3.882, P < 0.001] (Supplementary Figure 9). There
was no significant difference in the TG between the two groups
[WMD = 0.81, 95% CI (−1.59, 3.21), Z = 0.661, P = 0.508].

3.2.14 NAFLD and blood lipid (TG, TC, HDL, LDL)
TG and LDL were higher in NAFLD patients than in non-

NAFLD patients [WMD = 0.94, 95% CI (0.80, 1.08), Z = 13.296,
P < 0.001; WMD = 0.35 95% CI (0.17 0.53), Z = 3.793, P < 0.001].
There was no significant difference in TC and HDL between the two
groups [WMD = 2.22, 95% CI (−0.54, 4.99), Z = 1.574, P = 0.115;
WMD = −1.05 95% CI (−2.25 0.16), Z = −1.707, P = 0.088]
(Supplementary Figure 10).

3.2.15 H. pylori and blood pressure
DBP was higher in H. pylori infection-positive patients than

in H. pylori-negative patients [WMD = 1.01, 95% CI (0.11, 1.91),
Z = 2.211, P = 0.027]. SBP did not differ between the two
groups[WMD = 1.51, 95% CI (−1.18, 4.19), Z = 1.101, P = 0.271]
(Supplementary Figure 11).

3.2.16 NAFLD and blood pressure
SBP and DBP were higher in NAFLD patients than in non-

NAFLD patients [WMD = 8.03, 95% CI (6.50, 9.55), Z = 10.298,
P < 0.001; WMD = 5.71, 95% CI (4.02, 7.39), Z = 6.645, P < 0.001]
(Supplementary Figure 12).

4 Discussion

Our comprehensive meta-analysis has identified H. pylori
as a significant risk factor for individuals prone to NAFLD.
Additionally, the prevalence of H. pylori infection among NAFLD
patients was determined to be 1.13 times higher compared to those
without NAFLD. Through a bidirectional meta-analysis of the latest
published studies, employing a meticulous search strategy and
stringent selection criteria, we have amassed substantial evidence
supporting the correlation between H. pylori infection and NAFLD.
Notably, our meta-analysis boasts a larger sample size compared
to previous investigations, enhancing the robustness and currency
of our findings.

MetS, comprising overweight/obesity, type 2 diabetes mellitus
(T2DM), and metabolic dysregulation, plays a pivotal role in the
onset of NAFLD (50, 51). Moreover, a strong correlation exists
between MetS and H. pylori infection (52). Through our meta-
analysis, we have established a relationship between H. pylori
infection and NAFLD. This enhances our comprehension of the
underlying mechanisms linking H. pylori infection, MetS, and
NAFLD, an aspect that has not been extensively explored in
prior meta-analyses.

There is a lack of direct experimental mechanistic evidence to
support the effect of H. pylori infection on NAFLD. Disruption of
the gastrointestinal epithelium and transport ofH. pylori-associated
metabolites through the portal flow to the liver activate the toll-
like receptor inflammatory process that may develop NAFLD
(53). In particular, low-grade chronic inflammation in the gastric
mucosa may exacerbate and promote the local and systemic
release of several pro-inflammatory cytokines, thereby exacerbating
systemic insulin resistance (IR), increasing disorders of lipid
metabolism (adipocytokines and lipid metabolism), increasing
intestinal permeability, and altering the composition of the gut
microbiome. Inflammatory cytokines are key in the pathogenesis
of both H. pylori infection and NAFLD (54, 55). Persistent
H. pylori infection may lead to chronic low-level inflammation
and increased expression of NOD-like receptor protein 3 (NLRP3)
inflammatory vesicles, as well as inflammatory cytokines such as
interleukin-1β (IL-1β), IL-6 and TNF-α (54, 55). However, the exact
relationship between H. pylori infection and serum adipocytokines
remains uncertain, and further extensive prospective studies are
needed to establish a conclusive link.IR is a key factor in the
development of NAFLD, contributing significantly to hepatic
triglyceride accumulation, inflammatory cascade response and
progression of liver fibrosis (56). Meta-analyses suggest a possible
correlation between H. pylori infection and IR (57). Hepatocellular
steatosis, characterized by disturbances in hepatocellular lipid
metabolism, is the main pathological manifestation of NAFLD (9).
A comprehensive analysis using a large cohort propensity score-
matched study suggested that eradication of H. pylori may mitigate
the deterioration of lipid metabolism. However, lipid levels did not
fully recover to those observed in uninfected individuals (58). There
is strong evidence that H. pylori infection affects the integrity of
the intestinal barrier. In an experiment involving mice fed a high-
fat diet and infected with H. pylori, a significant reduction in the
expression of tight junction proteins in the intestinal barrier was
observed. This reduction was attributed to an increase in CagA-
containing exosomes, leading to increased intestinal permeability
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(59). H. pylori infection may alter the composition of the
intestinal microbiota by altering the anaplasmosis, Lactobacillus,
Aspergillus, Rickettsia and Actinomycetes groups, as observed in
obese patients (60).

Our meta-analysis has several limitations. Firstly, the majority
of the studies included only presented cross-sectional data,
which could introduce recall and selection biases. As a result,
the findings can only suggest a potential association between
H. pylori infection and NAFLD. Secondly, only a subset of
the studies accounted for confounding factors in multivariate
regression analyses. This lack of adjustment may introduce
confounding variables and affect the accuracy of the results.
Thirdly, the presence of significant heterogeneity across the
studies could potentially undermine the reliability of the pooled
odds ratio estimates. Fourthly, there are disparities in the
diagnostic methods for H. pylori infection and NAFLD among
the included studies. Fifthly, although we included all available
studies in our meta-analysis, the number of studies and participants
may still be insufficient. Therefore, it is essential to interpret
the results of this meta-analysis critically and cautiously, and
further multicenter prospective studies are necessary to validate
the main findings.

Despite these limitations, our meta-analysis also has important
strengths. We implemented a rigorous search strategy and strict
inclusion criteria, including all available evidence published to
date. To the best of our knowledge, our meta-analysis is the
largest and most recent updated meta-analysis to date designed
to investigate the association between H. pylori infection and
NAFLD risk. Second, we used standardized risk estimates from
all included studies to achieve a consistent combination of
estimates between studies. In addition, our study was registered
in advance on the PROSPERO platform, and most of the
included studies were of high quality, indicating that our
results are reliable.

Besides, we also proved the relationship between NAFLD and
metabolic disorders such as BMI, ALT, AST, GGT, UA, TG, LDL,
DBP and SBP by meta-analysis. MetS has been shown to be the
strongest risk factor for NAFLD and NASH (61). In 2020, the term
NAFLD was replaced with metabolism-associated fatty liver disease
(MAFLD), a change that garnered widespread recognition within
the academic community globally (62–65).

In summary, there is clear evidence of a substantial and
bidirectional relationship between H. pylori infection and the
susceptibility to NAFLD. This underscores the importance for
clinicians to pay close attention to this correlation. However,
additional research is needed to bolster and clarify this association,
as well as to elucidate the underlying mechanisms.
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