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Background and Aims. Helicobacter pylori (H. pylori) and nonalcoholic fatty liver disease (NAFLD) have become increasingly
recognized, both of which affect human health globally. The association of H. pylori infection with NAFLD remains unclear.
Methods. PubMed, EMBASE, and Cochrane Library databases were searched. Only a random-effects model was used. Odds
ratios (ORs) and risk ratios (RRs) with 95% confidence intervals (CIs) were calculated for the combined estimates of raw data.
Adjusted ORs (aORs) and hazard ratios (aHRs) with 95% CIs were calculated for the combined estimates of data adjusted for
confounders. Results. Thirty-four studies with 218573 participants were included. Based on unadjusted data from 26 cross-
sectional studies and 3 case-control studies, H. pylori infection was significantly associated with the presence of NAFLD
(OR=1.26, 95% CI=1.17-1.36, P <0.001). Based on adjusted data from 15 cross-sectional studies and 1 case-control study,
H. pylori infection was significantly associated with the presence of NAFLD (aOR=1.25, 95% CI=1.08-1.44, P <0.001).
Compared with control subjects without NAFLD, patients with moderate (OR=1.67, 95% CI=1.17-2.39, P = 0.005) and
severe (OR=1.71, 95% CI=1.30-2.24, P <0.001) NAFLD, but not those with mild NAFLD (OR=1.14, 95% CI=0.9-1.45,
P = 0.286), had significantly higher proportions of H. pylori infection. The association of H. pylori infection with the occurrence
of NAFLD was statistically significant based on adjusted data from 3 cohort studies (aHR =1.18, 95% CI=1.05-1.34, P = 0.007
), but not based on unadjusted data from 3 cohort studies (RR =1.41, 95% CI=0.80-2.48, P = 0.237). Conclusion. H. pylori
infection is associated with NAFLD, especially moderate and severe NAFLD. The impact of H. pylori eradication on the
prevention of NAFLD should be further explored.

1. Introduction

Helicobacter pylori (H. pylori) infects about half of the
world’s population, especially people living in developing
countries and poor socioeconomic countries [1-4]. Con-
sidering such a high infection rate, it is recognized as a major
public health problem worldwide [2]. H. pylori is a main
pathogenic factor for chronic gastritis, peptic ulcers, gastric
cancer, and gastric mucosa-associated lymphoid tissue
(MALT) lymphoma [5]. H. pylori infection may also disturb

a series of biological processes and determine or influence
the development and severity of various extragastric diseases
[6], such as insulin resistance, metabolic syndrome, diabetes,
nonalcoholic fatty liver disease (NAFLD), vitamin B,, de-
ficiency, cardiovascular, neurological, dermatological, and
ophthalmic diseases [7].

NAFLD is considered a major hepatic manifestation of
metabolic syndrome [8] and includes a full spectrum of fatty
liver disease from simple hepatic steatosis or nonalcoholic
fatty liver (NAFL) to nonalcoholic steatohepatitis (NASH)
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and cirrhosis [9]. NAFLD has become the most common
type of chronic liver disease, with a global prevalence of
approximately 25% [10]. Recently, a new nomenclature of
metabolic  dysfunction-associated fatty liver disease
(MAFLD) has been proposed to replace NAFLD with
updated diagnostic criteria and recognized by worldwide
experts [11, 12]. Regardless, there is now growing evidence
that the development of NAFLD is associated with gut
microbiota imbalance [13]. Some studies suggested an as-
sociation between H. pylori infection and NAFLD, and the
presence of H. pylori or Helicobacter species has been ob-
served in liver specimens from patients with various liver
diseases [14-16]. However, others indicated no correlation
between them [17-19]. Considering the importance of un-
derstanding potential risk factors for NAFLD on its man-
agement, we have conducted an updated meta-analysis of
studies published to date to explore the association between
H. pylori infection with NAFLD.

2. Methods

2.1. Registration. This study was registered on the PROS-
PERO with a registration number CRD42021247307.

2.2. Literature Search. The relevant publications were
searched via PubMed, Cochrane library, and EMBASE da-
tabases. The search terms were as follows: (“HP” or
“H. pylori” or “Helicobacter pylori” or “Helicobacter in-
fection” or “Helicobacter”) and (“Nonalcoholic fatty liver
disease” or “Fatty liver” or “Nonalcoholic fatty liver” or
“Nonalcoholic steatohepatitis” or “NAFLD” or “NASH” or
“NAFL”). There was no language restriction. The last search
was conducted on July 14, 2022.

2.3. Eligibility Criteria. Inclusion criteria were as follows: (1)
eligible studies should include patients who were diagnosed
with NAFLD and detected the H. pylori infection, (2) eligible
studies should clearly report the diagnostic methods of
H. pylori infection and NAFLD, (3) eligible studies should
provide the number of patients with positive and negative
H. pylori infection in NAFLD patients and control subjects
without NAFLD or report the odds ratios (ORs) or hazard
ratios (HRs) with 95% confidence intervals (CIs) to evaluate
the association between H. pylori infection and NAFLD, and
(4) age >18 years old. If multiple publications were available
for the same study, only the publication with the most
complete data would be included.

Exclusion criteria were as follows: (1) duplicated studies,
(2) consensus, notes, guidelines, editorials, or letters, (3)
meta-analyses, reviews, or case reports, and (4) experimental
or animal studies.

2.4. Data Extraction. The following data were extracted from
each study: first author, publication year, study country,
study design, publication form (abstract or full text), number
of positive and negative H. pylori infection in the NAFLD
patients and control subjects without NAFLD, and
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diagnostic methods of H. pylori infection and NAFLD.
Adjusted ORs (aORs) and adjusted HRs (aHRs) with 95%
CIs with confounders adjusted were extracted from the
studies where multivariate regression analyses were per-
formed to evaluate the association of H. pylori infection with
NAFLD. If studies had multiple adjustment models, only the
models that reflected the greatest degree of adjustment for
confounders and its corresponding aOR and aHR would be
further considered in our meta-analysis.

2.5. Diagnosis. H. pylori infection can be diagnosed by in-
vasive (i.e., endoscopic biopsy) and noninvasive tests (i.e.,
serology, 13C or C urea breath test, and fecal antigen test).
NAFLD can be diagnosed by histology, ultrasonography,
and/or surrogate markers of NAFLD, which include hepatic
steatosis index (HSI), NAFLD-liver fat score (NAFLD-LFS),
and/or fatty liver index (FLI).

2.6. Study Quality Assessment. The quality of cohort and
case-control studies was assessed by the Newcastle-Ottawa
Scale (NOS), a widely used tool for assessing the quality of
observational/nonrandomized studies. It has three major
domains: (1) selection, (2) comparability, and (3) exposure/
outcome. The maximum score is 9. A score of 0-3, 4-6, and
7-9 represents low, moderate, and high quality, respectively.
The quality of cross-sectional studies was evaluated by the
Agency for Healthcare Research and Quality (AHRQ) with
an 11-item checklist. An item would be scored “0,” if its
answer was “NO” or “UNCLEAR”; and an item would be
scored “1,” if its answer was “YES.” The maximum score is
11. A score of 0-3, 4-7, and 8-11 represents low, moderate,
and high quality, respectively.

2.7. Statistical Analyses. All statistical analyses were per-
formed using the Stata software version 12.0 (Stata Corp,
College Station, USA) and Review Manager software version
5.4 (Cochrane collaboration, the Nordic Cochrane Centre,
Copenhagen, Denmark). Only a random-effects model was
employed. ORs and RRs with 95% Cls were calculated for the
combined estimation of raw data, and aORs and aHRs with
95% ClIs were calculated for the combined estimates of data
adjusted for confounders. The I statistics and Cochran Q test
were used to evaluate the heterogeneity, and P < 0.1 and/or
I*>50% were considered to indicate statistically significant
heterogeneity. Subgroup and meta-regression analyses were
performed to explore the sources of heterogeneity among the
studies with and without adjustment for confounders. They
were grouped according to the study design, region, study
quality, diagnostic methods of H. pylori infection and
NAFLD, sample size, adjustment for confounders, and
publication form. The interaction between subgroups was
tested. Leave-one-out sensitivity analyses were assessed by
sequentially omitting one study each time. Publication bias
was evaluated by Egger test. P < 0.1 was considered as a sta-
tistically significant publication bias. In addition, the pro-
portion of H. pylori infection was compared according to the
severity of NAFLD (i.e., mild, moderate, and severe).
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3. Results

3.1. Study Characteristics. We initially searched 2025 papers.
Finally, 34 studies with 218573 participants were included
(Figure 1). Characteristics of included studies are shown in
Table 1. Among them, 4 were cohort studies, 3 were case-
control studies, and 27 were cross-sectional studies; 3 studies
were published as abstracts and 31 as full texts; 25 studies
were performed in Asia [17-41], 3 in North America
[42-44], 2 in Africa [45, 46], and 4 in Europe [47-50]. The
publication date ranged from 2013 to 2022.

3.2. Study Quality. Among the cohort and case-control
studies, 6 and 1 were of high and moderate quality, re-
spectively (Supplementary Table 1). Among the cross-
sectional studies, 16 and 11 were of high and moderate
quality, respectively (Supplementary Table 2).

3.3. H. pylori Infection and Presence of NAFLD. Based on the
unadjusted data from 26 cross-sectional studies and 3 case-
control studies, the meta-analysis showed that H. pylori
infection was significantly associated with the presence of
NAFLD (OR=1.26, 95% CI=1.17-1.36, and P <0.001)
(Figure 2). Heterogeneity was statistically significant
(P=88.7% nd P<0.001). Such a statistically significant
association between them disappeared in the subgroup
analyses of studies using the rapid urease test and fecal
antigen test to detect H. pylori infection, but remained in
others. The interaction between subgroups was statistically
significant in the subgroup analyses according to the study
design (P <0.001) and diagnostic methods of NAFLD
(P <0.001), but not in others. Subgroup analyses did not
identify any source of heterogeneity (Table 2). Meta-
regression analyses showed that the study design
(P <0.001) and diagnostic methods of NAFLD (P <0.001)
might be the sources of heterogeneity (Supplementary Ta-
ble 3). Sensitivity analyses did not identify any source of
heterogeneity (Supplementary Table 4). Egger test did not
show any significant publication bias (P = 0.294).

Based on the adjusted data from 15 cross-sectional
studies and 1 case-control study, the meta-analysis
showed that H. pylori infection was significantly associ-
ated with the presence of NAFLD (aOR=1.25, 95%
CI=1.08-1.44, and P <0.001). Heterogeneity was statisti-
cally significant (=90% and P <0.001) (Figure 3). Such
a statistically significant association between them dis-
appeared in the subgroup analyses of non-Asian studies,
those using the rapid urease test to detect H. pylori infection,
those using surrogate markers for diagnosis of NAFLD,
those with a sample size of >5000, and those published as
abstracts but remained in others. The interaction between
subgroups was statistically significant in the subgroup an-
alyses according to the study design (P <0.001), study
quality (P<0.001), diagnostic methods of H. pylori
(P =0.01), and diagnostic methods of NAFLD (P <0.001),
but not in others. Subgroup analyses did not identify any
source of heterogeneity (Table 3). Meta-regression analyses
showed that the study design (P =0.015) and diagnostic

Studies identified through search of
PubMed, EMBASE, Cochrane databases
(n=2025)

| Excluded: !
1 (1) Duplicated studies (n=487) |
W e e e H

Studies after duplicates removed
(n=1538)

o -
I

i Excluded:

: (i) Consensus, notes, guidelines, editorials, or letters (n=370)
1 (ii) Reviews, meta-analyses, or case reports (n=435)
I
I

|
| I
| (i)  No patient was diagnosed with nonalcoholic fatty liver |
i disease (NAFLD) and/or detected for H. pylori infection !
1 (n=289) 1
i (ii) ~ Studies did not provide the number of positive and |
| negative H. pylori infection in NAFLD patients and control |
i subjects without NAFLD, or report the odds ratios (ORs) or |
: hazard ratios (HRs) with 95% confidence intervals (CIs) to 1
| evaluate the association between H.pylori infection and :
i NAFLD (n=9) !
| i
| I
! |

(iii) Multiple publications were available for the same study
(n=9)

Eligible studies (n=34)

(27 cross-sectional, 3 case-control, and 4
cohort studies)

FIGURE 1: Flowchart of the study selection process.

methods of NAFLD (P = 0.023) might be the sources of
heterogeneity (Supplementary Table 5). Sensitivity analyses
did not identify any source of heterogeneity (Supplementary
Table 6). Egger test did not show any significant publication
bias (P = 0.591).

3.4. H. pylori Infection and Severity of NAFLD. The associ-
ation between H. pylori infection and severity of NAFLD was
explored in 4 studies (Table 4).

The meta-analysis showed no statistically significant
difference in the proportion of H. pylori infection between
patients with mild NAFLD and those without NAFLD
(OR=1.14, 95% CI=0.9-1.45, and P = 0.286). Heteroge-
neity was statistically significant (I*=95.1% and P <0.001)
(Supplementary Figure 1). Because only a small number of
studies was included, subgroup analyses were not performed
to explore the sources of heterogeneity.

The meta-analysis showed that the proportion of
H. pylori infection was significantly higher in patients with
moderate NAFLD than those without NAFLD (OR=1.67,
95% CI=1.17-2.39, and P =0.005). Heterogeneity was
statistically significant (I*=92.7% and P <0.001) (Supple-
mentary Figure 2). Because only a small number of studies
was included, subgroup analyses were not performed to
explore the sources of heterogeneity.

The meta-analysis showed that the proportion of
H. pylori infection was significantly higher in patients with



Canadian Journal of Gastroenterology and Hepatology

VN VN 1808 O9IZ¥ 09%FV CeClc SN LdN0-Oy,; 1X9) [N [BUONI93S-SSOIT BUIUD (8107) nX
v pue ‘DL O-1AT
‘O~1dH DL ‘Ddd YI-VIWOH
0= < Q-
0-ANL ‘91 ‘00 9sP1xa remddr (S7'1°70'D) 80T 861 891 0 €¢ OO0 omwmmmq.mwz LvS 31 g 4H0YoD 1d4Sg aémsw
‘[2A9] uoryeonps ‘xapur Jurpmord P Lty
Sunjowrs ‘TN Topuad 98y
1LVS ) (6102)
VN VN 0s ST & T sn puv AGojorag V[N [eUOmOdS-ssoxy - ueyy rehqe
VN VN 685  6L¢ 168 €8S SN L0y o1 [ng  [BUOND9S-SSOID BUIYD (6107) n&
BaIn pue ‘v “TIdL ‘dAV
¢ ¢ ¢ cerwaprdr[sA
HMMH%MMU HN%: AWSVW&W P (05120 21 zotT STIT T8 ol sn LA0-D¢, X9} [ [EUOHDIS-SSOI)  BUIYD (6107) wery,
‘[2A9] uoneINpa “Ipudd 9y
SN PUE (64T ‘SS°T) 99T  6S8L  L8TS 60€T 91ST n £3o013 o1 n  [BUONDI9S-SSOX eur (0zo7) nX
‘saseastp Suidpropun ‘ropuaf 98y S 10498 I feuol o o
VN VN 6 0 oF Sl Asdoiq 1aAry INnd XN [OXU0D-3SeD)  PUBHIIZIIMS w:o%mwm
VN VN 8¢ S¥I 6T TCT  9¢<ISH Pue 09 <ITd £3o0109 X9} [N [PUONOS-SS0ID)  B[eWIdIEND) Nwmwmw
VN VN 9¢ 96 4] (444 SN LVS X9} [[N  [BUONDI3S-SSOI 1d43g (0z0o7) PWY
uoneonpa pue
¢ Quioour Ajyyuowr ‘uonednodo
N Supjouus masm ey (6€7%60) 0ST 0LZ 9S€ 6L 79 sn ASojorog Y4 [eUORDS-sSOI)  ysapelBury n%wmww
N ‘TING ‘uoidiar “opuad 98y
VN VN €06 06F 90€ 661 sn LAN-D¢, X9} [N [PUONYRS-SSOID  BUIYD (1207) Suepm
INg pue DO-1d1T
‘ddd ‘dds ‘DL DL ‘Ddd VN LSV (SLT60'T) 8€'T  TCv  ¥€T 66T  0€T SN LdN-O¢; X9} [N [eUONI3S-SSOID BUIYD (1207) 8uid
‘1LTV ‘snyeys anberd prores 98y
VN VN G201  S89  €¥SC TIVI SN LdN-O¢; a1 [ng  [BUOND9S-SSOID BUIUD (120T) Suix
WST ©II0Y
pue O-TAH DL ‘9s0on[3 Sunsey (61T ‘8'0) 960 %S  S9¢ 8T  €¥¢ sn ABojorg  pRI[MA  euOmRdsSssOID o (Tzoe) ueH
‘TING ‘s232qe1p ‘NLH opusd 98y 1
Bupjouws pue T 90" : £3o[o10 X2 [N BUOT}D3S-SSOT 10 10
erwuaprdrsip ‘ss1oquip ‘NIH g B4 T POD €T 8¥S  BOL - S¥P 099 sn 10135 Xo) g [euon S (2202) 104D
d¥O-SH pu® ‘IDD LTV 1 9T gc- (Sor01 a1 1m 010 23103 -
“TaH D101 DL Ddd ‘dgs 051 8D 9T VN VN VN VN sn [0158 Py [Ing 1oyoD qnog (TToT) Wy
VN VN 96€ 691 €L L€ sn L4N-D¢, %2} g HoyoD euryD (¢202) ovyz
N4 pue ‘0§ ‘1959 LIV
ISV ‘DL “O-TIAH D-1ATOIVIH (80'T £6'0) TO'T 01CZE 8TI9T 8L9¥T LI98 sn LN-Dg; 3X9) [N [BUONIIS-SSOID  BUIYD (zz07) Suepm
‘D44 ‘d4d ‘ddS ‘TNg ‘1opuds 93y
pue sajaqe1p NAMM& ‘Topuag 8y (€T'T T8'0) 96'0 6L6T TES OV6T  L8F SN LNy X9} [[Nd  [eUONIIS-SSOID  BLOSNY (T207) AQuIom
(1o .
SIapPUNOJU0d %S6) dH +dH _dH .dH dIdVN jo Hold “H jo urIoy udisop (xea4)
ssnfpy THAO spoylow spoyow woneonqng kpmg Aryunop Ioyne
Post porsnilpy [onu0D TTIVN snsouder(q snsouder(g A 3sIng

"QTIVN Yim uonoaqul tojdd “[ jo uonemnosse oy} SurpreSor sarpnis Jo sonsLloeIey)) ] 414V],



Canadian Journal of Gastroenterology and Hepatology

"BILIDWY JO $93B}§ PajIUn 33 :ySn pue ‘AydeiSouosenn :g 4593 Yieaiq eaIn 1N ‘PIoe duN 1y ‘eyd[e-10J08} SISOIAU Jowny 0-JN.I, ‘SOPLA[SIn 1D, [0193S9[0YD [e30} DT, “UIGNIIIq
12101 1 L, ©Inssa1d pooyq d1[0IS4S 1 g QUIUNEIId WIS 110G 953} UsSHUE [003 1TV 9591 aseain pider :1 Ny ‘UsSoursdad :nd ‘One1 Sppo 3O 91098 18] JAN-ATIVN ST T-ATIVN 95easIp I9AI £11e] drjoyod[euou
@TIVN S[qe[IeAR JOU 1y N QWOIPULS JI[OqeIdul :GIA ‘SIUIWAINSLIU SSIUPNS I9AT] NS [012383[0y0-uta3oxdodrkysuap-mof :n-TqT ‘ureroidodiy AHsUsp-mof *TT ‘9-UB[NIIS3UL :9-T] ‘UoIsua}1adAy :NIH Xopur
$1503ea)s opjeday ([SH ‘Onel pIezey Y] 9OULISISI UINSUI-JUIWISSISSE [PPOU dRIS0WOY Y[-VINOH ‘U12301d 9a10ea1-)Aanisuss-ysiy :qyD-SH %4014d 4219vqoayap] :qH JoIasajoyd-urjordodiiysuap-ySiy
D-TAH ‘urqoSoway pajefsooL[3 1yqy ‘osepndodsuen [AweinS-ewwes ;100 xapur 12A1 413y ;[T 9soonid ewserd Sunsey :DJI/OF ‘SHI[PW $a3oqRIp (N ‘anssaid poo[q J1[oIseIp g ‘S[eAIdIUI
30UapY U0 ;) ‘U301d 24101 YD) ‘UaSonIu eaIn poo[q (NN ‘@inssaid poo[q :Jg XOPUl JNOqeIoW [eseq N Oseidjsuenourure ajeyredse 1Sy OseIdjsuenouIwe suruere ;1 Ty ‘Oseyeydsoyd sureNe : Qv

VN VN PIPS  F08T LOST 995 sn JENTIEN JoeNsqy  [EUONIIS-SSOID  BUNYD (€107) uays
VN VN 11 al S €T £sdo1q 10ATT £So[o108 1X9) [[Ing [0nU02-3s8)) 909315 (£107) sozd[od
.aa%mwwwwﬂwﬂ ”MWMW oSy F9LITT)T6C VN VN VN VN Asdorq 1oa1] A3o10199 X2} [euondds-ssor)y  uedef (S107) eprung
VN VN 197 976  6LT1  €TS sn £3o[013g ) [ [euondss-ssor)  uedef :_%%w
$9seaSIp JLBLIAZ pue IOpUaD)  (F£'6 “16'T) LT'E€ 95  ¥FI  00€  00€ £sdorq 1917 1dN-Dy, 1X91 [ng [011u02-3sB) 'UIYD (9107) Sueyz
asn une)s pue Jopuad 98y (96T 00'T) 8TT 801  OF €L 6F Asdo1q 1aA1] 10 §N %o%wm hm Ay PUNsqV [euondds-ssoxd vsn (9107) Buey,
pue ﬁmzzmmm .mwwﬁm o3y (T1€'T “L6'0) €ETT £8ST I€IT  OFF  SOS 9€ <ISH LdN-O¢, 3%9) [N [BUOT3S-SSOID) Mwwwvm (9107) 3oeg
VN VN L1 ST 01T ¥9¢ Asdorq 12A17 Lnd X2} [N [euondds-ssor)  ureds (9102) 112q1y
VN YN €L 0 91 11 sn 1nd eNSqY  [BUONDSS-SSOID  eIpU] (£107) Tewny
DIVIH
PUE DOULIWNOID ISTEM TING DL (€21 ‘60'T) 6€'T L6  €¢L 06T  €I€ sn LAN-Dg, 1X2) [N [EUONDIS-SSOID  BUIYD (£107) vy
‘LOD LTV LSV V(1 ‘10puas 98y
19D pue ‘I'TV ISV O-1aH
D-1AT ‘DL ‘“Ddd ‘ddS “dI-VIWOH
whmhwmmwumwﬁsﬁwwwwmwﬂ (0€'T “S0°'T) 9T'T 6085 8€8Z TOET 080T sn £8oro198 1%9) [[n:g MoyoD Mﬂwm (£107) wry
[0Yoo[e ‘snjejs Sunjouwrs ‘urexs
Surusaros Jo 1eak TN ‘Topuad 93y
pue “O-1AaH Wm%qzm apuan) (LTT0L0) ¥6'0 SIIT 00S 88T G¥I sn 140D, JX2) [N [BUONDIS-SSOI)  BUIYD (8107) 18D
uornjeInjes ULLIdJSURI) pue
“D-TAH DI, ‘uondwnsuod surayed
pue [OYOO[E DOUIJWNIID ISIeM  (€F°T ‘G6°0) LTI'T 99T SITT  S90T 859 sn LEIENN 1X9) [N [BUOIIIS-SSOID) vsn (8107) Suey
Sunjowrs ‘N IH ‘S912qeIp ‘Ouodur
fyodruye aoer ‘aopudd o8y
VN VN 188  06¢ L6€ 661 sn LAN-D¢, 3X2) [N [EUONDIS-SSOID  BUIYD (8107) nT
g pue ‘v
O-IAH O-1AT DL ‘DL 2TVqH (0€'T 04°0) 00'T #SSIT €769 89LS S06€ sn 140Dy, JX9) [N [EUONDSS-SSOID  BUIYD (8107) ueg
‘Odd ‘ddd ‘dds ‘TN “1opuad 98y
D .
SI9pUNOJUOd ﬁxmmmv dH dH _dH .dH dIdVN Jjo Hoitd 'H jo wIoy ugisop (1ead)
spoylour spoyjowt Anunon Ioyine
pawsnipy YH/O snsouder snsouder(q uonwIqnd Apms 3sIng
paisnlpy [onuo) ATIVN : : : . .

‘panunuo) i1 a14V],



6 Canadian Journal of Gastroenterology and Hepatology
Weight
Study ID OR (95% CI) (%)
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LuL (2018) - 1.13(0.92,1.39)  3.89
Kang S (2018) - 1.42(1.26,1.60)  4.82
Cai O (2018) = 1.13 (0.90, 1.41) 3.69
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Overall (I = 88.7%, p = 0.000) 9 1.26 (1.17,1.36)  100.00
NOTE: Weights are from random effects analysis i
| |
.00754 1 133

FIGURE 2: Forest plots for unadjusted data from cross-sectional studies and case-control studies.

severe NAFLD than those without NAFLD (OR =1.71, 95%
CI=1.30-2.24, and P <0.001). Heterogeneity was not sta-
tistically significant (’=43.7% and P = 0.149) (Supple-
mentary Figure 3).

3.5. H. pylori Infection and Occurrence of NAFLD. Based on
the unadjusted data from 3 cohort studies, the meta-analysis
showed that H. pylori infection was not significantly asso-
ciated with the occurrence of NAFLD (RR=141, 95%
CI=0.80-2.48, and P = 0.237). Heterogeneity was statisti-
cally significant (I?=98.3% and P <0.001) (Supplementary
Figure 4). Because only a small number of studies was in-
cluded, subgroup analyses were not performed to explore the
sources of heterogeneity.

Based on the adjusted data from 3 cohort studies, the
meta-analysis showed that H. pylori infection was associated
with the occurrence of NAFLD (aHR=1.18, 95%
CI=1.05-1.34, and P = 0.007). Heterogeneity was statisti-
cally significant (I*=70.8% and P = 0.032) (Supplementary
Figure 5). Because only a small number of studies was in-
cluded, subgroup analyses were not performed to explore the
sources of heterogeneity.

4. Discussion

Based on the data from cross-sectional studies and case-
control studies, H. pylori infection was associated with the

presence of NAFLD, especially moderate and severe
NAFLD. Based on the data from cohort studies, H. pylori
infection increased the risk of NAFLD occurrence after
adjustment for confounders. Notably, seven previous meta-
analyses [51-57] also concluded a significant association
between H. pylori infection with NAFLD. Our current meta-
analysis has several advantages compared to previous ones
[51-57]. First, there was a more comprehensive collection of
eligible studies by expanding the search strategy and
updating the final search date. Thus, the number of studies
included was larger in the current meta-analysis than in the
previous ones. Second, some of the previous meta-analyses
did not strictly follow the prespecified inclusion and ex-
clusion criteria to collect all relevant studies. For example, in
both meta-analyses by Zhou et al. [51] and Heydari et al.
[56], a cross-sectional study by Sumida et al. [40] would have
been included based on their eligibility criteria, but neither
of them included this study. Third, some of the previous
meta-analyses only calculated ORs to evaluate their asso-
ciation. By comparison, the current meta-analysis further
pooled HRs to evaluate their cause-effect association.
Fourth, the interaction between subgroups was tested to
infer whether the impact of H. pylori infection on NAFLD
was significantly influenced by some confounding factors,
which have not been performed in previous meta-analyses
yet. Last, the association of H. pylori infection with the
severity of NAFLD was evaluated in the current meta-
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TABLE 2: Meta-analysis regarding the association of H. pylori infection with NAFLD in studies unadjusted for confounders.

) Heterogeneity
Groups No. studies OR (95% CI) N Pipteraction
I (%) P value

Study design <0.001
Cross-sectional 26 1.21 (1.13-1.30; P <0.001) 86.40 <0.001
Case-control 3 3.20 (2.52-4.07; P<0.001) 0.00 0.839

Region 0.17
Asia 21 1.23 (1.14-1.34; P <0.001) 91.30 <0.001
Non-Asia 8 1.40 (1.18-1.66; P <0.001) 45.70 0.075

Study quality 0.96
Moderate-quality 11 1.27 (1.06-1.52; P = 0.01) 77.40 <0.001
High-quality 18 1.27 (1.17-1.39; P <0.001) 91.20 <0.001

Diagnostic methods of H. pylori 0.75
UBT 12 1.27 (1.15-1.39; P <0.001) 91.00 <0.001
RUT 5 1.16 (0.98-1.39; P = 0.088) 35.60 0.184
Serology 9 1.21 (1.03-1.42; P = 0.021) 89.00 <0.001
SAT 1 1.46 (0.89-2.39; P = 0.133) 0.00 —

Diagnostic methods of NAFLD <0.001
UsS 22 1.18 (1.10-1.27; P <0.001) 87.30 <0.001
Liver biopsy 4 2.75 (1.87-4.06; P <0.001) 23.70 0.269
Surrogate markers of NAFLD* 2 1.60 (1.39-1.85; P <0.001) 0.00 0.772

Sample size 0.21
>5000 9 1.20 (1.09-1.32; P = 0.008) 94.10 <0.001
<5000 20 1.34 (1.16-1.55; P <0.001) 82.20 <0.001

Publication form 0.25
Full text 26 1.25 (1.15-1.35; P <0.001) 89.60 <0.001
Abstract 3 1.51 (1.10-2.09; P = 0.011) 41.50 0.181

*Surrogate markers of NAFLD include FLI> 60, HSI > 36, or NAFLD-LFS > -0.640. CI: confidence intervals, FLI: fatty liver index, HSI: hepatic steatosis
index, NAFLD: nonalcoholic fatty liver disease, NAFLD-LFS: NAFLD-liver fat score, OR: odds ratio, RUT: rapid urease test, SAT: stool antigen test, UBT:
urea breath test, and US: ultrasonography.

Study ID OR (95% CI) V\'(i;g)ht
Wernly S (2022) - ‘: 0.96 (0.82, 1.13) 7.67
Wang W (2022) - 1.02 (0.97, 1.08) 8.41
Choi J (2022) —:Lo— 1.36 (1.04, 1.78) 6.50
Han Y (2021) —a 0.96 (0.78, 1.19) 7.15
Ping Y (2021) —io— 1.38 (1.09, 1.75) 6.87
Rahman M (2020) —1‘—0— 1.50 (0.94, 2.39) 4.40
Xu M (2020) |- 1.66 (1.55, 1.79) 8.33
Tian ] (2019) —:0— 1.27 (1.07, 1.50) 7.59
Fan N (2018) ——:r 1.00 (0.70, 1.30) 6.04
Kang S (2018) o= 1.17 (0.95, 1.43) 7.22
Cai O (2018) —o—f 0.94 (0.70, 1.27) 6.17
Chen C (2017) —50— 1.39 (1.05,1.73) 6.72
Baeg M (2016) R 1.13(0.97,1.31) 7.76
Tang D (2016) —oi— 1.18 (1.00, 2.96) 3.76
Zhang C (2016) i 3.17(191,5.74) 371
Sumida Y (2015) : . 2.92 (1.11,7.64) 1.71
Overall (12 = 90.0%, p = 0.000) <? 1.25(1.08,1.44)  100.00
NOTE: Weights are from random effects analysis i
131 1 7.64

FIGURE 3: Forest plots for adjusted data from cross-sectional studies and case-control studies.
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TABLE 3: Meta-analysis regarding the association of H. pylori infection with NAFLD in studies adjusted for confounders.
Groups No. studies aOR (95% CI) 2 Heterogenelty Pinteration

I (%) P value
Study design <0.001
Cross-sectional 15 1'2;) S (;)36;)38’ 89.8% <0.001
3.17 (1.83-5.50;
Case-control 1 P<0.001) — —
Region 0.05
Asia 13 1'3}? 96186;)5 % 91.5% <0.001
Non-Asia 3 1'0}2 io'ogéai')z“ 18.00% 0.295
Study quality <0.001
. 2.21 (1.18-4.12;
Moderate-quality 1 P = 0.029) — —
High-quality 15 1'2; El'(;)g(‘)i')‘lz; 90.4% <0.001
Diagnostic methods of H. pylori 0.01
UBT 8 1'211) 513)35;)40; 78.1% <0.001
Serology 6 1~31§ il (;)(6);;)73, 84.7% <0.001
0.96 (0.82-1.13;
RUT ! P =0.618) - -
BK%E%SUC methods of <0.001
Us 12 1'112 El‘g %);;)3 % 91.8% <0.001
N 3.11 (1.93-5.01; .
Liver biopsy 2 P<0.001) 0.00% 0.885
i 1.13 (0.97-1.31;
Surrogate markers of NAFLD 1 P=0111) — —
Sample size 0.25
>5000 5 1'1153 (_0'08;;)50; 96.7% <0.001
1.29 (1.12-1.48; o
<5000 11 P<0.001) 63.4% 0.002
Confounders adjusted 0.05
Full adjusted* 10 1'1}6) a ':362)29; 61.5% 0.005
No full adjusted 6 1'42 Elé)f);;')g& 91.6% <0.001
Publication form 0.35
Full text 15 12; Elé)gai.)%; 90.6% <0.001
1.18 (0.69-2.03;
Abstract 1 P = 0.550) — —

*Surrogate markers of NAFLD include FLI > 60, HSI > 36, or NAFLD-LFS > —0.640. *Full adjusted: at least age, gender, BMI, and/or smoking, as well as three
additional risk factors were adjusted. BMI: basal metabolic index, CI: confidence intervals, FLI: fatty liver index, HSI: hepatic steatosis index, NAFLD:
nonalcoholic fatty liver disease, NAFLD-LFS: NAFLD-liver fat score, aOR: adjusted odds ratio, RUT: rapid urease test, UBT: urea breath test, and US:

ultrasonography.

analysis, which has not been performed in previous meta-
analyses yet.

Metabolic syndrome, including overweight/obesity, type
2 diabetes mellitus (T2DM), and metabolic disorders, is an
important pathogenic factor of NAFLD/MAFLD [58, 59]. It
is also closely associated with H. pylori infection [60]. No-
tably, insulin resistance (IR) is a key factor in the devel-
opment of metabolic syndrome [61]. Thus, the
pathophysiological interrelationship between H. pylori

infection and MAFLD/NAFLD may be explained by IR
[62-64] (Supplementary Figure 6). First, H. pylori infection
can stimulate the release of proinflammatory cytokines, such
as tumor necrosis factor-a (TNF-a) [65-67]. TNF-« induces
serine/threonine-mediated phosphorylation of insulin re-
ceptor substrate 1 (IRS-1), which attenuates IRS-1-mediated
insulin signaling, leading to the occurrence of IR [68].
Second, H. pylori infection causes a decrease in adiponectin
levels [48, 69]. Adiponectin can reduce gluconeogenesis and
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TaBLE 4: H. pylori infection and NAFLD severity.
NAFLD

. , Non-NAFLD

First author (year) Mild Moderate Severe
HP*/HP™ HP*/HP™ HP*/HP™ HP*/HP™

Wang (2022) 6711/11549 1852/3044 54/85 16128/32210
Wang (2021) 119/187 68/106 12/13 490/903
Amer (2020) 80/49 202/10 160/23 96/26
Xu (2020) 1901/1825 407/323 208/161 5287/7859

HP: Helicobacter pylori and NAFLD: nonalcoholic fatty liver disease.

lipogenesis in the liver, and therefore has the effect of an
insulin sensitizer to inhibit intrahepatic lipid accumulation
[70]. Thus, decreased adiponectin levels would result in
increased intrahepatic fat content and IR [71-73]. Third,
there is an interaction of reciprocal inhibition between
adiponectin and TNF-« in terms of their production and
action, thereby enhancing IR [74]. Fourth, H. pylori in-
fection leads to elevated fetuin-A levels [75]. Fetuin-A can
stimulate adipocytes and macrophages to produce proin-
flammatory cytokines and then induce IR [76, 77].

Besides, their association may be attributed to altered gut
microbiota [13]. Chronic H. pylori infection causes signif-
icant changes in the gut microbiota composition [78]. Gut
microbiota can release endotoxin composed of the outer wall
of Gram-negative bacteria, which can introduce into the
liver directly through the portal vein. Endotoxin can
stimulate inflammatory response via Toll-like receptor 4
(TLR4), thereby exacerbating hepatic inflammation [79].
Indeed, some studies have shown that lipopolysaccharide,
a surrogate marker of endotoxin, is elevated in patients with
NAFLD [80, 81].

Our previous study found a higher rate of H. pylori
infection in young military personnel than in civilians [82].
This phenomenon is probably explained by the fact that
increased mental stress caused by high-intensity military
training suppresses the body’s humoral and cellular im-
munity, thereby increasing the risk of H. pylori infection. On
the other hand, high occupational and personal stress are
independent predictors of NAFLD development [83].
Therefore, the association of H. pylori infection with the
presence of NAFLD may be because both of them have
a concomitant predisposing factor (i.e., stress).

Another previous meta-analysis by our group also
showed a significant association between H. pylori infection
and irritable bowel syndrome (IBS) [84]. It should be noted
that multiple etiological factors, including obesity, gut
microbiota, dietary factors, and immune-mediated causes
[85], overlap between IBS and NAFLD. Thus, such factors
should not be neglected to explain our current findings
about the association of H. pylori infection with NAFLD.

Current consensus recommends that dietary modifica-
tion, exercise, and weight loss as the major treatment option
for NAFLD to reduce liver fat and improve IR [86, 87].
Besides, considering that silymarin has antioxidant, anti-
inflammatory, immunomodulatory, antifibrotic, and hep-
atoprotective activities and stimulates protein synthesis and
liver tissue regeneration [88], silymarin may be used for the
treatment of NAFLD. Notably, it seems that silymarin can

also inhibit H. pylori activity [89-92]. Therefore, it may be
hypothesized that silymarin can be helpful for the treatment
of NAFLD and H. pylori infection.

Considering an association of H. pylori infection with
NAFLD, it appears that H. pylori eradication is beneficial in
preventing NAFLD. However, this is still controversial. A
randomized controlled study by Maharshi et al. showed that
successful eradication of H. pylori in patients with NAFLD
resulted in significant improvement in IR [93]. However,
a study by Jamali et al. found that H. pylori eradication may
not influence liver fat content, liver function tests, lipid
profile, IR, and anthropometric measurements in patients
with dyspeptic NAFLD [94]. Therefore, whether H. pylori
eradication influences the occurrence or progression of
NAFLD needs to be confirmed by more studies in the future.

Consensus and practice guidelines recommend bismuth
quadruple therapy, which consists of a proton pump in-
hibitor, a bismuth, and two antibiotics, for a duration of
10-14 days as the first-line treatment of H. pylori. Com-
monly used antibiotics include amoxicillin, clarithromycin,
and metronidazole [95-98]. However, considering an in-
creased burden of multidrug resistant Gram-negative in-
fections [99], some studies have suggested that
a combination of tetracycline and tinidazole should achieve
a higher rate of H. pylori eradication [100-102].

Our meta-analysis has some limitations. First, a majority
of these included studies provided only cross-sectional data,
which can only establish a possible association between
H. pylori infection and NAFLD, but not any cause-effect
association. Second, only some of these included studies
adjusted the confounders in multivariate regression ana-
lyses, and the confounders adjusted were inconsistent
among them. Third, only a minority of these included
studies evaluated the prevalence of H. pylori infection
according to the severity of NAFLD. Finally, none of these
included studies have evaluated the association of H. pylori
infection with MAFLD.

5. Conclusion

There seems to be an association between H. pylori infection
and NAFLD, but this association was weak. More pro-
spective cohort studies are needed in the future to dem-
onstrate the impact of H. pylori infection and its eradication
on MAFLD, and experimental studies should also be nec-
essary to elucidate their potential mechanisms. Un-
doubtedly, these studies may provide promising approaches
for the management of MAFLD.
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