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ABSTRACT  

Background: The association between autoimmune gastritis and gastric adenocarcinoma 

remains controversial, and Helicobacter pylori infection is a major potential confounder. 

Aims: To evaluate the association between autoimmune gastritis and gastric adenocarcinoma 

after controlling for H. pylori infection. 

Methods: PubMed, Embase and Scopus were searched from inception to 13 April 2025 for 

observational studies reporting autoimmune gastritis, H. pylori infection and gastric 

adenocarcinoma. Data were synthesised using random-effects meta-analysis, subgroup and 

adjusted analyses by H. pylori status, and a multilevel arm-based logistic regression model 

when compatible study-specific estimates were unavailable. Study quality was assessed using 

Joanna Briggs Institute tools. 

Results: Twenty-one studies were included, although only four contributed to conventional 

meta-analysis. After adjustment for H. pylori, no significant association between autoimmune 

gastritis and gastric adenocarcinoma was observed (OR = 1.18, 95% CI 0.61–2.26; I² = 86%). 

Subgroup analyses were also non-significant. However, a multilevel model including nine 

studies showed a weak but significant association independent of H. pylori (OR = 1.27, 95% 

CI 1.02–1.57). Among H. pylori-negative patients with autoimmune gastritis, gastric 

adenocarcinoma incidence reached 98.4 per 100,000 person-years. 
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Conclusions: Autoimmune gastritis may be modestly associated with gastric 

adenocarcinoma after adjustment for H. pylori status. The association observed in the 

multilevel arm-based model, together with the higher-than-expected gastric adenocarcinoma 

incidence reported in longitudinal autoimmune gastritis cohorts, is compatible with a possible 

independent contribution of autoimmune gastritis to gastric carcinogenesis. These findings 

should be considered hypothesis-generating given the substantial heterogeneity, potential 

exposure misclassification, and residual confounding.  

PROSPERO registration: CRD420251275536 

KEYWORDS 

Gastric cancer; Autoimmune gastritis; Helicobacter pylori; Atrophic gastritis; Meta-analysis 
 

INTRODUCTION 

Globally, gastric cancer (GC) is the fifth leading cause of both cancer incidence and cancer-

related mortality [1,2]. Its incidence is higher in Asia, South America and Eastern Europe owing 

to both genetic and environmental factors [3]. Diagnosis is frequently delayed, often resulting 

in a poor prognosis [3]. Histologically, GC has traditionally been classified into intestinal and 

diffuse types according to the Lauren classification [4]. The intestinal subtype is more common 

and is associated with a better prognosis [5,6]. Progression to this subtype involves a series 

of genetic and epigenetic alterations [7] that proceed sequentially from chronic gastritis to 

chronic atrophic gastritis (CAG), gastric intestinal metaplasia (GIM), dysplasia and gastric 

adenocarcinoma, a stepwise process known as the Correa cascade [8]. The principal 

established risk factor for GC is Helicobacter pylori infection, which has been classified as a 

Group 1 carcinogen by the World Health Organization [9,10]. This bacterium is estimated to 

be responsible for 75–85% of GC, making it the second leading cause of cancer worldwide, 

surpassed only by smoking [10,11]. Other recognised risk factors for GC include Epstein–Barr 
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virus infection, high salt intake, smoking, a family history of GC, alcohol consumption and 

socioeconomic factors [3,12,13]. 

Autoimmune gastritis (AIG) is characterised by immune-mediated destruction of parietal cells 

and subsequent atrophy of the oxyntic mucosa, involving the gastric fundus and corpus. It 

leads to benign, indolent type 1 gastric neuroendocrine tumours (NETs) as a result of 

hypergastrinaemia induced by reduced hydrochloric acid secretion [14,15]. However, there is 

ongoing controversy as to whether AIG per se can cause GC or whether Helicobacter pylori 

infection is primarily responsible for this outcome [16-23]. Some studies have suggested that 

AIG is associated with an increased risk of GC [18-21], whereas others have not [22,23]. Both 

groups of studies have important limitations and potential biases that have fuelled substantial 

debate as to whether AIG may also cause intestinal-type gastric adenocarcinoma 

independently of H. pylori infection [17,24]. In addition, up to 30% of patients infected with H. 

pylori have been reported to have anti-parietal cell antibodies (APC), which decline following 

eradication of the infection [25]. Two recent systematic reviews have demonstrated a positive 

association between H. pylori infection and AIG [26,27], and in one of these, elevated titres of 

anti-intrinsic factor antibodies (AIF) and APC were also found in infected patients, together 

with reductions in autoantibody titres and improvements in histological findings after bacterial 

eradication [26]. 

In this context, we aimed to conduct a systematic review and meta-analysis to examine the 

association between AIG and GC independently of Helicobacter pylori infection status. 

METHODS 

Protocol and Search Strategy 

We conducted a systematic review using search strategies in PubMed (all fields), Embase 

(broad search), Scopus (TITLE–ABS–KEY) and BASE (all fields). The strategy combined 

database‐specific terms for “Helicobacter pylori”, “gastritis”, “autoimmune” and “gastric 
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cancer” with study design filters, using Boolean operators (AND/OR) (Table S1; 

Supplementary material). The study was registered in PROSPERO (CRD420251275536). 

The search covered all records from database inception to 13 April 2025 and was restricted 

to articles published in English or Spanish. Reporting was performed in accordance with the 

PRISMA (Preferred Reporting Items for Systematic Reviews and Meta‐Analyses) guidelines. 

Inclusion criteria 

Observational studies that simultaneously reported the presence or absence of GC, 

Helicobacter pylori infection and AIG were included. AIG had to be diagnosed by biopsy and/or 

by the presence of APC or AIF, whereas H. pylori infection had to be diagnosed by gastric 

biopsy, urea breath test, faecal antigen test or serology. Studies conducted in paediatric 

populations and studies using designs other than cohort, case–control, cross-sectional or 

case-series studies were excluded. The full list of inclusion and exclusion criteria is provided 

in the Supplementary material. 

To determine the population type to be analysed, two characteristics were identified for each 

study: (1) the study design (case series, cross-sectional, case–control or cohort); and (2) the 

type of population relevant to the statistical analyses. A cross-sectional population was 

defined as one in which exposure to H. pylori and AIG and the outcome of GC were 

assessed at the same time. A longitudinal population was defined as one in which exposure 

status was known and participants were followed to determine the development of GC. A 

case–control population was defined as one in which cases with GC and controls without GC 

were identified and exposure to AIG was assessed retrospectively. 

Selection of studies 

After the removal of duplicate records and articles published in languages other than English 

or Spanish, two researchers (JAU and JSFO) independently screened titles and abstracts to 

identify studies for full‐text review. The same two researchers then assessed the full texts of 
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the selected articles to confirm eligibility and to exclude those that were unavailable. Any 

discrepancies were resolved through joint review and discussion. If disagreement persisted, 

a third researcher (SN) was consulted. 

Study Quality 

For the quality assessment of the included studies, two researchers (JAU and JSFO) 

independently applied the Joanna Briggs Institute (JBI) Critical Appraisal Tools, with 

disagreements resolved through article review and discussion. These tools provide a 

transparent and reproducible approach based on structured checklists comprising eight 

questions for cross‐sectional studies, ten questions for case–control and case‐series studies, 

and eleven questions for cohort studies. Each item was rated using the mutually exclusive 

categories “Yes”, “No”, “Not clear” or “Not applicable”. By consensus among the authors, 

studies with “No” or “Not clear” responses to fewer than two items, two to three items, or more 

than three items were classified as having high, moderate or low overall methodological 

quality, respectively. Individual item responses were also reported to enhance transparency. 

Data Extraction 

Two researchers (JAU and JSFO) independently extracted data from the selected studies 

using a data extraction form developed for this purpose in Microsoft Excel (Microsoft, 

Redmond, WA, USA). For all studies, general information was collected, including country, 

year of publication, study design, years of data collection, sample size and study population 

characteristics (including median age, sex and hospital‐based versus community‐based 

setting), diagnostic methods for Helicobacter pylori and AIG, tumour histology according to 

the Lauren classification, and the study design relevant to the objectives of the systematic 

review (case–control, longitudinal or cross‐sectional). 

In addition, population‐specific data were extracted for each relevant study type. For 

longitudinal populations, the number of patients who developed GC was obtained for each 
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stratum defined by combinations of AIG (positive or negative) and H. pylori (positive or 

negative) status, together with the corresponding follow‐up times. For case–control 

populations, the number of patients with a history of AIG was obtained for each stratum defined 

by combinations of GC status (positive or negative) and H. pylori status. For cross‐sectional 

populations, the number of patients with GC was extracted for each stratum defined by 

combinations of AIG (positive or negative) and H. pylori status. 

Results synthesis  

All studies with relevant longitudinal populations and seven studies with case–control 

populations lacked sufficient information for inclusion in either the conventional meta-analyses 

or the mixed logistic regression model. These studies were therefore synthesised narratively. 

The specific reasons for exclusion are presented in Table S2. Overall, studies were excluded 

from quantitative synthesis because they did not provide sufficient data to estimate study-

specific measures of association and lacked the information required to construct both AIG-

positive and AIG-negative arms within at least one H. pylori stratum. 

Statistical analysis 

The findings were initially summarised using descriptive statistics, with absolute or relative 

frequencies for categorical variables and medians with ranges for continuous variables, 

because continuous variables were non-normally distributed according to the Shapiro–Wilk 

test. 

Odds ratios (ORs) were used as the measure of association, as only cross‐sectional and 

case–control studies provided sufficient information to obtain a study-specific effect estimate. 

Owing to the absence of a control group in all longitudinal studies, it was not possible to 

calculate a measure of association for this population. 

For studies in which an individual OR could be estimated, an initial meta‐analysis was 

conducted without stratification by Helicobacter pylori status. Subsequently, to assess the role 
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of H. pylori in this potential association, two approaches were applied: (1) subgroup meta‐
analysis according to H. pylori infection status; and (2) meta‐analysis of individual ORs 

adjusted for H. pylori. For the latter, ORs were estimated for each study using logistic 

regression, with H. pylori infection included as an adjustment covariate. All conventional meta‐
analyses were performed using random‐effects models, and forest plots were used to present 

the results. Statistical heterogeneity was assessed using the I² statistic. Because only four 

studies provided compatible study-specific estimates, conventional pooled analyses were 

considered exploratory, particularly when substantial heterogeneity was present. 

In addition, to include studies without extractable study-specific odds ratios, we fitted an 

exploratory mixed-effects arm-based logistic regression model using aggregate arm-level 

data. The number of GC events in each arm was modelled as a binomial outcome, with the 

number of participants as the denominator and a logit link function. Arms were defined 

according to AIG and H. pylori status, which were included as fixed effects, while a study-

specific random intercept accounted for clustering of arms within studies and between-study 

differences in baseline GC risk. The model was specified as logit(pij) = β0 + uj + β1AIGij + 

β2HPij, where pij denotes the probability of GC in arm (i) of study (j), uj is the study-specific 

random intercept and β1 and β2 are the conditional log odds ratios for AIG and H. pylori, 

respectively. The random intercept was assumed to be normally distributed with mean zero 

and variance τ². Only studies reporting both AIG-positive and AIG-negative arms within at least 

one H. pylori stratum were included. The model assumed common conditional effects across 

studies, conditional independence of arm-level observations after accounting for the random 

intercept, and no interaction between AIG and H. pylori. This approach allowed studies without 

compatible study-specific effect estimates to contribute to the analysis; however, it relied on 

aggregate data and did not allow the effect of AIG to vary across studies. 

A sensitivity analysis of the conventional meta‐analysis was performed including only high‐
quality studies, which corresponded exclusively to case–control designs. Additional sensitivity 



9 
 

analyses excluding studies with fewer than 50 participants, hospital‐based studies, and 

studies relying solely on serology for AIG diagnosis were planned; however, these were not 

feasible because none of the included studies had fewer than 50 participants, only the study 

by Wang et al[39] was community‐based, and all relied exclusively on serology for AIG 

diagnosis. Sensitivity analyses of the arm-based multilevel model restricted to studies with 

AIG ascertainment including histology, to studies using a specific H. pylori diagnostic method, 

or to a single study design (case–control or cross-sectional) were planned but could not be 

undertaken because of insufficient data. These restrictions resulted in too few informative 

arms and, in some instances, eliminated the AIG-negative comparator group, precluding 

identifiable and stable model estimation. Finally, because only four studies allowed estimation 

of individual ORs, meta‐regression to account for additional confounders was not possible. 

All statistical analyses were performed using Stata version 15.0 (Stata Corporation, College 

Station, TX, USA), except for conventional meta‐analyses, which were conducted using 

Review Manager version 5.4 (The Cochrane Collaboration, London, UK). A two‐sided p value 

<0.05 was considered statistically significant. 

RESULTS  

Results of the systematic search 

The results of the literature search are summarised in the PRISMA flow diagram (Figure 1). 

A total of 391 records were identified. Of these, 40 articles were selected for full‐text review, 

of which 19 were excluded, leaving 21 studies for inclusion in the final analysis. The main 

reasons for exclusion were lack of clarity regarding the presence or absence of AIG, lack of 

clarity regarding the presence or absence of GC, and failure to stratify data by H. pylori status. 

Characteristics of the studies 

A total of 21 studies met the inclusion criteria [20,22,28-46]. China and Italy contributed the 

largest numbers of studies, with six and four studies, respectively. The populations were 
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classified as case–control (eleven studies), cross‐sectional (five studies) and longitudinal (four 

studies), whereas the study by Mahmud et al[41] included both cross‐sectional and 

longitudinal components. The median sample size was 320 participants (range 54–24,084). 

Three studies were community‐based (Butt et al[45], Wang et al[39], and Song et al[30]), 

whereas the remainder were hospital‐based. Overall, 53.2% of participants were female, and 

the median age was 61.5 years (range 30–69 years). 

In ten studies, Helicobacter pylori infection was defined using combinations of histology, urea 

breath testing, faecal antigen testing and/or serology. By contrast, six studies relied exclusively 

on serology and four exclusively on histology. The diagnostic approach for AIG consisted of 

combined histology, anti‐parietal cell antibodies and/or anti‐intrinsic factor antibodies in eleven 

studies, anti‐parietal cell antibodies alone in six studies, and histology alone in four studies. 

The weighted proportions of patients with intestinal, diffuse, mixed and unspecified tumour 

histology according to the Lauren classification (all confirmed as adenocarcinomas) were 

9.4%, 4.5%, 0.48% and 85.6%, respectively. Table 1 summarises the main characteristics of 

the included studies. 

Quality of studies 

Based on the JBI quality assessment, 10 studies were rated as high quality (six case series, 

three case–control studies and one cross‐sectional study), seven as moderate quality (four 

case series, two case–control studies and one cross‐sectional study), and four as low quality 

(two case–control studies, one cross‐sectional study and one cohort study). Tables S3A–D 

present the item‐level quality assessment for each study. 

Conventional meta-analysis 

Only three case–control studies (Song et al[30], Huang et al[35], and Wang et al[39]) and one 

cross‐sectional study (Sugiu et al[42]) provided sufficient data to calculate measures of 

association. The three case–control studies were rated as high quality, whereas the cross‐
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sectional study was rated as low quality. In all four studies, AIG was defined serologically. In 

the conventional meta‐analysis of these four studies without adjustment for H. pylori, no 

statistically significant association was observed between GC and AIG (OR = 1.07, 95% CI 

0.67–1.71; I² = 74%) (Figure 2). Similarly, in a conventional meta‐analysis restricted to case–

control studies, no significant association was found (OR = 1.12, 95% CI 0.65–1.93; I² = 82%) 

(Figure 3). 

Subgroup meta‐analyses including the same four studies showed no statistically significant 

association in either H. pylori‐positive patients (OR = 0.93, 95% CI 0.63–1.37; I² = 43%) or H. 

pylori‐negative patients (OR = 1.72, 95% CI 0.61–4.89; I² = 84%) (Figure 4). Finally, 

conventional meta‐analysis using odds ratios estimated by logistic regression with adjustment 

for H. pylori exposure showed no significant association across the four studies (OR = 1.18, 

95% CI 0.61–2.26; I² = 86%) (Figure 5) or across the three case–control studies (OR = 1.27, 

95% CI 0.59–2.72; I² = 90%) (Figure S1). 

Multilevel arm-based logistic regression 

Nine studies provided data for both arms (AIG‐positive and AIG‐negative) for at least one H. 

pylori stratum (Song et al[30], Huang et al[35], Wang et al[39], Sugiu et al[42], Zhang et al[37], 

Hu et al[34], Khalaf et al[40], Mahmud et al[41], and Rugge et al[44]) and were therefore 

included in the mixed arm‐based logistic regression model used to estimate the association 

between GC and AIG after adjustment for H. pylori infection. No longitudinal population was 

included in this model. In this model, significant associations were observed for both AIG (OR 

= 1.27, 95% CI 1.02–1.57; p = 0.033) and H. pylori infection (OR = 3.23, 95% CI 2.76–3.79; p 

< 0.001). 

Narrative synthesis  

Longitudinal studies 
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Five studies reported longitudinal data from patients with AIG stratified by H. pylori infection 

status (Rugge et al[22], Zhang et al[32], Lenti et al[33], Dilaghi et al[20], and Mahmud et al[41]). 

None of these studies included an AIG‐free control group that would have allowed estimation 

of an association measure. With the exception of one study (Zhang et al[32]), which did not 

report follow‐up duration, the weighted mean follow‐up was 5.95 years (minimum 1.89, 

maximum 7.5), corresponding to a total of 24,554.5 person‐years of follow‐up. During this 

period, 434 patients with H. pylori‐positive AIG and 1,230 patients with H. pylori‐negative AIG 

were followed, yielding GC incidence rates of 47.2 and 98.4 per 100,000 person‐years, 

respectively. The incidence rate did not differ significantly between H. pylori-positive and H. 

pylori-negative patients with AIG (incidence rate ratio 0.48, 95% CI 0.05–1.98; conditional 

exact). Thus, although the direction of the crude incidence estimates was opposite to that 

expected if current H. pylori infection were the main determinant of risk, the wide confidence 

interval precludes firm conclusions regarding equivalence or the direction of the association. 

In the study by Zhang et al., 5,851 patients with H. pylori‐negative AIG were followed, and GC 

developed in 69 (1.2%), although the duration of follow‐up was not reported. 

Studies including only patients with gastric cancer 

Seven studies reported retrospective data exclusively on patients with GC, stratified by H. 

pylori status, without a GC–free control (Arai et al[28], Ahn et al[29], Krike et al[31], Zhang et 

al[36], Kokkola et al[38], Sipponen et al[43], and Imamura et al[46]). A total of 2,214 H. pylori‐
positive and 638 H. pylori‐negative patients were included, of whom 213 and 127, respectively, 

had a history of AIG. 

DISCUSSION 

Several studies to date have reported contradictory findings regarding the direct association 

between AIG and GC. Confounding by Helicobacter pylori status represents a major limitation 

in evaluating this relationship. This bacterium appears to be a risk factor for AIG through 
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several mechanisms, including molecular mimicry [25, 47–49]. Its association with AIG has 

been demonstrated in multiple studies, as has the reversal of AIG‐related histological 

changes, haematological abnormalities and APC titres following bacterial eradication [26, 27]. 

This indicates that H. pylori is a potential confounder in the association between AIG and GC. 

To the best of our knowledge, the present study is the first systematic review and meta‐
analysis to evaluate this association with adjustment for H. pylori. Using an exploratory 

multilevel arm‐based model, we were able to include nine studies, which confirmed the well‐
established association between H. pylori and GC (OR = 3.23, 95% CI 2.76–3.79) and also 

suggested an association between AIG and GC independent of H. pylori infection (OR = 1.27, 

95% CI 1.02–1.57). 

Several pathophysiological mechanisms may support a causal association between AIG and 

GC independent of H. pylori infection. Patients with AIG develop progressive histological 

changes secondary to chronic inflammation, evolving from chronic gastritis to dysplasia [17, 

50], during which multiple genetic and epigenetic alterations with carcinogenic potential may 

occur [51–53]. For instance, in the absence of H. pylori, AIG leads to CpG island 

hypermethylation affecting tumour suppressor genes, resulting in their repression and 

promoting uncontrolled cell proliferation [52]. In addition, reduced acid secretion in AIG 

promotes hypergastrinaemia and, consequently, histamine release from enterochromaffin‐like 

cells, both of which stimulate proliferation of gastric epithelial and progenitor cells [54–57]. 

Notably, the gastrin receptor CCK2R has been found to be over‐expressed in several 

gastrointestinal cancers [58]. 

There is ongoing controversy regarding the type of gastric intestinal metaplasia (GIM) 

associated with AIG. GIM develops as a defensive response to mucosal injury [59–61] and, 

when persistent, may progress to dysplasia and eventually GC in a small subset of patients 

[62]. Although both H. pylori infection and AIG induce GIM, it remains unclear whether they 

generate distinct metaplastic cell types with different risks of GC. For instance, incomplete‐
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type GIM, which carries a higher risk of GC than complete‐type GIM, is less frequent in AIG 

[63–65]. However, factors beyond GIM subtype also influence cancer risk, including the 

presence of extensive GIM, defined as involvement of the corpus with or without antral 

involvement [66–70]. Indeed, AIG is characterised by pan‐gastric GIM that is more 

pronounced in the corpus [67]. Moreover, a recent experimental study using murine models 

and human samples demonstrated that both H. pylori infection and AIG induce comparable 

GC‐associated gastric metaplasias with similar histopathological and transcriptional features 

[71]. Both conditions also promoted a metaplastic subtype resembling incomplete GIM, closely 

related to cancerous tissue and characterised by ANPEP/CD13 expression, a biomarker 

associated with GC. These findings support the concept that AIG‐induced GIM may represent 

a true preneoplastic condition. 

Furthermore, findings derived from the ABC(D) strategy for gastritis screening are consistent 

with the present results and the preceding discussion. This strategy evaluates H. pylori 

serology and serum pepsinogen (PG) levels to classify patients into group A (H. pylori‐
negative and PG‐negative), group B (H. pylori‐positive and PG‐negative), group C (H. pylori‐
positive and PG‐positive) and group D (H. pylori‐negative and PG‐positive) [72]. The highest 

risk of GC has been observed in group D [73], which is compatible with both advanced gastritis 

caused by H. pylori followed by bacterial clearance and gastritis caused by AIG in the absence 

of H. pylori infection. 

The present findings are further supported by a recent meta‐analysis by He et al., which 

demonstrated a significantly increased risk of both GC and type I gastric neuroendocrine 

tumours in patients with AIG and, importantly, showed that the absence of H. pylori infection 

did not confer protection against GC [74]. Consistent with this, the present study found a GC 

incidence of 98.4 per 100,000 person‐years among patients with AIG without H. pylori 

infection, which is substantially higher than that reported for the general population across 

different regions [2]. Notably, the meta‐analysis by He et al. also reported that patients with 
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pernicious anaemia had the highest risk of GC [74]. As pernicious anaemia is a long‐term 

complication of AIG, this may explain why GC risk has historically been associated primarily 

with this subgroup rather than with AIG alone. 

The present study has several limitations. First, all meta‐analyses were based on retrospective 

cross‐sectional or case–control data and therefore do not allow causal inference [75]. 

Nevertheless, prospective studies included in the narrative synthesis reported a GC incidence 

in patients with AIG that is higher than expected in the general population, even among H. 

pylori‐negative patients. Second, conventional meta-analyses included only four studies and 

showed substantial heterogeneity, potentially reflecting differences in study design, sampling, 

exposure ascertainment, participant selection, tumour histology, and control of confounding. 

The small number of studies precluded formal exploration of heterogeneity through meta-

regression. Pooling was retained because the studies addressed the same exposure–

outcome association and provided compatible ORs. Therefore, the pooled conventional 

estimates should be regarded as exploratory summary measures rather than as precise 

estimates of a common underlying effect. Third, although statistically significant, the estimated 

odds ratio of the exploratory multilevel arm-based model was modest (OR = 1.27). The study-

specific random intercept allowed baseline GC odds to differ across studies and accounted 

for clustering of arms within studies; however, differences in sampling frameworks and the 

assumption of a common conditional AIG effect across studies remain important limitations. 

Therefore, the modest association observed in this model should also be regarded as 

exploratory and hypothesis-generating rather than causal. Additional sensitivity analyses 

restricting the arm-based model to studies with histological AIG ascertainment, using a specific 

H. pylori diagnostic method, or employing a single study design (case–control or cross-

sectional) were not feasible because these restrictions left too few informative comparison 

arms for identifiable and stable model estimation. Fourth, publication bias cannot be excluded, 

as smaller studies or those reporting null or negative results may be less likely to be published. 

Formal tests could not be performed because only four studies were included in the 
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conventional meta‐analyses [76], and because of the heterogeneity of study designs and 

outcome measures across the full set of 21 studies. Fifth, comparison of GC incidence in H. 

pylori‐negative AIG patients with GLOBOCAN data is intended for contextual reference only, 

as these populations are not fully comparable. Nonetheless, the markedly higher observed 

incidence remains noteworthy in the absence of more appropriate comparative data. 

Additionally, an important limitation of the present study is that advanced AIG may lead to 

spontaneous disappearance of H. pylori infection [77–80]. Even in the absence of eradication 

therapy, long‐standing AIG is associated with declining anti-H. pylori antibody titres, which 

may even become negative in approximately one quarter of cases [81]. Consequently, some 

GC cases observed in patients with AIG may have been attributable to previous H. pylori 

infection despite negative faecal antigen, urea breath or serological tests. Moreover, because 

APC positivity may occur in patients with H. pylori infection and decline after eradication, 

serological positivity does not necessarily indicate established AIG, potentially resulting in 

exposure misclassification and inflation of the observed association. These residual limitations 

can only be addressed by long‐term prospective studies with repeated assessment of H. pylori 

status and histological diagnosis of AIG; such studies are currently lacking. 

CONCLUSIONS 

The available evidence suggests that AIG may be modestly associated with GC after 

adjustment for H. pylori status. Although the conventional meta-analysis did not demonstrate 

a statistically significant association, the exploratory multilevel arm-based model showed a 

modest association, while longitudinal studies reported a higher-than-expected incidence of 

GC among patients with AIG, including those classified as H. pylori-negative. Although these 

findings do not firmly establish causality, they are compatible with the possibility that AIG itself 

contributes to gastric carcinogenesis beyond the effect of detectable H. pylori infection. 

Nevertheless, substantial heterogeneity, differences in study design and exposure 

ascertainment, the absence of appropriate control groups in longitudinal studies, and residual 
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confounding by previous H. pylori infection limit causal interpretation. Well-designed 

prospective studies including AIG-exposed and unexposed populations, with robust and 

repeated assessment of H. pylori exposure, are needed to determine whether AIG represents 

an independent causal risk factor for GC.  

 

DISCLOSURE AND DECLARATIONS 

Funding 

This work was supported by a grant given by ANID-FONDAP (Fondo de Financiamiento 

para Centros de Investigación de Excelencia en Áreas Prioritarias. Chile; Grant No. 

152220002 to A.R.) and FONDECYT (Fondo Nacional de Desarrollo Científico y 

Tecnológico. Chile; Grant No. 1230504 to A.R. and G.L.). 

Competing interests 

The authors declare no competing interests to declare that are relevant to the content of this 

article. 

Data availability 

All data used in this meta-analysis are included in the published articles and their 

supplementary materials. 

Ethics approval 

Ethics approval was not required as this study was based on published data. 

Consent to participate and for publication 

Not applicable 

 

REFERENCES 

1. Ajani JA, D'Amico TA, Bentrem DJ, Corvera CU, Das P, Enzinger PC, Enzler T, Gerdes H, 

Gibson MK, Grierson P, Gupta G, Hofstetter WL, Ilson DH, Jalal S, Kim S, Kleinberg LR, 



18 
 

Klempner S, Lacy J, Lee B, Licciardi F, Lloyd S, Ly QP, Matsukuma K, McNamara M, Merkow 

RP, Miller AM, Mukherjee S, Mulcahy MF, Perry KA, Pimiento JM, Reddi DM, Reznik S, Roses 

RE, Strong VE, Su S, Uboha N, Wainberg ZA, Willett CG, Woo Y, Yoon HH, McMillian NR, 

Stein M (2025) Gastric Cancer, Version 2.2025, NCCN Clinical Practice Guidelines In 

Oncology. J Natl Compr Canc Netw 23:169-191. https://doi.org/10.6004/jnccn.2025.0022 

2. Ferlay J, Ervik M, Lam F, Laversanne M, Colombet M, Mery L, Piñeros M, Znaor A, 

Soerjomataram I, Bray F (2024) Global Cancer Observatory: Cancer Today. International 

Agency for Research on Cancer, Lyon, France. https://gco.iarc.who.int/today. Accessed 26 

June 2026 

3. Sundar R, Nakayama I, Markar SR, Shitara K, van Laarhoven HWM, Janjigian YY, Smyth 

EC (2025) Gastric cancer. Lancet 405:2087-2102. https://doi.org/10.1016/S0140-

6736(25)00052-2 

4. LAUREN P (1965) THE TWO HISTOLOGICAL MAIN TYPES OF GASTRIC CARCINOMA: 

DIFFUSE AND SO-CALLED INTESTINAL-TYPE CARCINOMA. AN ATTEMPT AT A HISTO-

CLINICAL CLASSIFICATION. Acta Pathol Microbiol Scand 64:31-49. 

https://doi.org/10.1111/apm.1965.64.1.31 

5. van der Kaaij RT, Koemans WJ, van Putten M, Snaebjornsson P, Luijten JCHBM, van 

Dieren JM, Cats A, Lemmens VEPP, Verhoeven RHA, van Sandick JW (2020) A population-

based study on intestinal and diffuse type adenocarcinoma of the oesophagus and stomach 

in the Netherlands between 1989 and 2015. Eur J Cancer 130:23-31. 

https://doi.org/10.1016/j.ejca.2020.02.017 

6. Wu LW, Jang SJ, Shapiro C, Fazlollahi L, Wang TC, Ryeom SW, Moy RH (2024) Diffuse 

Gastric Cancer: A Comprehensive Review of Molecular Features and Emerging Therapeutics. 

Target Oncol 19:845-865. https://doi.org/10.1007/s11523-024-01097-2 



19 
 

7. Yeoh KG, Tan P (2022) Mapping the genomic diaspora of gastric cancer. Nat Rev Cancer 

22:71-84. https://doi.org/10.1038/s41568-021-00412-7 

8. Correa P, Piazuelo MB (2012) The gastric precancerous cascade. J Dig Dis 13:2-9. 

https://doi.org/10.1111/j.1751-2980.2011.00550.x 

9. Shirani M, Pakzad R, Haddadi MH, Akrami S, Asadi A, Kazemian H, Moradi M, Kaviar VH, 

Zomorodi AR, Khoshnood S, Shafieian M, Tavasolian R, Heidary M, Saki M (2023) The global 

prevalence of gastric cancer in Helicobacter pylori-infected individuals: a systematic review 

and meta-analysis. BMC Infect Dis 23:543. https://doi.org/10.1186/s12879-023-08504-5 

10. Herrera V, Parsonnet J (2009) Helicobacter pylori and gastric adenocarcinoma. Clin 

Microbiol Infect 15:971-976. https://doi.org/10.1111/j.1469-0691.2009.03031.x 

11. Polk DB, Peek RM Jr (2010) Helicobacter pylori: gastric cancer and beyond. Nat Rev 

Cancer 10:403-414. https://doi.org/10.1038/nrc2857 

12. Usui Y, Taniyama Y, Endo M, Koyanagi YN, Kasugai Y, Oze I, Ito H, Imoto I, Tanaka T, 

Tajika M, Niwa Y, Iwasaki Y, Aoi T, Hakozaki N, Takata S, Suzuki K, Terao C, Hatakeyama 

M, Hirata M, Sugano K, Yoshida T, Kamatani Y, Nakagawa H, Matsuda K, Murakami Y, 

Spurdle AB, Matsuo K, Momozawa Y (2023) Helicobacter pylori, Homologous-Recombination 

Genes, and Gastric Cancer. N Engl J Med 388:1181-1190. 

https://doi.org/10.1056/NEJMoa2211807 

13. Oliveira C, Pinheiro H, Figueiredo J, Seruca R, Carneiro F (2015) Familial gastric cancer: 

genetic susceptibility, pathology, and implications for management. Lancet Oncol 16:e60-e70. 

https://doi.org/10.1016/S1470-2045(14)71016-2 

14. Panzuto F, Ramage J, Pritchard DM, van Velthuysen MF, Schrader J, Begum N, Sundin 

A, Falconi M, O'Toole D (2023) European Neuroendocrine Tumor Society (ENETS) 2023 



20 
 

guidance paper for gastroduodenal neuroendocrine tumours (NETs) G1-G3. J 

Neuroendocrinol 35:e13306. https://doi.org/10.1111/jne.13306 

15. Sok C, Ajay PS, Tsagkalidis V, Kooby DA, Shah MM (2024) Management of Gastric 

Neuroendocrine Tumors: A Review. Ann Surg Oncol 31:1509-1518. 

https://doi.org/10.1245/s10434-023-14712-9 

16. Castellana C, Eusebi LH, Dajti E, Iascone V, Vestito A, Fusaroli P, Fuccio L, D'Errico A, 

Zagari RM (2024) Autoimmune Atrophic Gastritis: A Clinical Review. Cancers (Basel) 16:1310. 

https://doi.org/10.3390/cancers16071310 

17. Yamamichi N, Aoki R (2025) Controversy regarding the risk of autoimmune gastritis on 

gastric adenocarcinoma. J Gastroenterol 60:671-672. https://doi.org/10.1007/s00535-025-

02245-9 

18. Landgren AM, Landgren O, Gridley G, Dores GM, Linet MS, Morton LM (2011) 

Autoimmune disease and subsequent risk of developing alimentary tract cancers among 4.5 

million US male veterans. Cancer 117:1163-1171. https://doi.org/10.1002/cncr.25524 

19. Vannella L, Lahner E, Osborn J, Annibale B (2013) Systematic review: gastric cancer 

incidence in pernicious anaemia. Aliment Pharmacol Ther 37:375-382. 

https://doi.org/10.1111/apt.12177 

20. Dilaghi E, Dottori L, Pivetta G, Dalla Bella M, Esposito G, Ligato I, Pilozzi E, Annibale B, 

Lahner E (2023) Incidence and Predictors of Gastric Neoplastic Lesions in Corpus-Restricted 

Atrophic Gastritis: A Single-Center Cohort Study. Am J Gastroenterol 118:2157-2165. 

https://doi.org/10.14309/ajg.0000000000002327 

21. Song M, Latorre G, Ivanovic-Zuvic D, Camargo MC, Rabkin CS (2019) Autoimmune 

Diseases and Gastric Cancer Risk: A Systematic Review and Meta-Analysis. Cancer Res 

Treat 51:841-850. https://doi.org/10.4143/crt.2019.151 



21 
 

22. Rugge M, Bricca L, Guzzinati S, Sacchi D, Pizzi M, Savarino E, Farinati F, Zorzi M, Fassan 

M, Dei Tos AP, Malfertheiner P, Genta RM, Graham DY (2023) Autoimmune gastritis: long-

term natural history in naïve Helicobacter pylori-negative patients. Gut 72:30-38. 

https://doi.org/10.1136/gutjnl-2022-327827 

23. Miceli E, Lenti MV, Gentile A, Gambini G, Petrucci C, Pitotti L, Mengoli C, Di Stefano M, 

Vanoli A, Luinetti O, Brondino N, Paulli M, Anderloni A, Klersy C, Corazza GR, Di Sabatino A 

(2024) Long-Term Natural History of Autoimmune Gastritis: Results From a Prospective 

Monocentric Series. Am J Gastroenterol 119:837-845. 

https://doi.org/10.14309/ajg.0000000000002619 

24. Goldenring J (2023) No H. pylori, no adenocarcinoma for patients with autoimmune 

gastritis. Gut 72:1-2. https://doi.org/10.1136/gutjnl-2022-328068 

25. Faller G, Winter M, Steininger H, Lehn N, Meining A, Bayerdörffer E, Kirchner T (1999) 

Decrease of antigastric autoantibodies in Helicobacter pylori gastritis after cure of infection. 

Pathol Res Pract 195:243-246. https://doi.org/10.1016/S0344-0338(99)80041-7 

26. Allakky A (2023) Exploring the Association of Helicobacter pylori With Anti-intrinsic Factor 

and Anti-parietal Cell Antibodies in Pernicious Anemia: A Systematic Review. Cureus 

15:e45887. https://doi.org/10.7759/cureus.45887 

27. Li M, Huang Y, Liang X, Lu H (2025) Prevalence of Autoimmune Gastritis Worldwide: A 

Systematic Review and Meta-Analysis. Helicobacter 30:e70065. 

https://doi.org/10.1111/hel.70065 

28. Arai J, Niikura R, Hayakawa Y, Suzuki N, Hirata Y, Ushiku T, Fujishiro M (2022) 

Clinicopathological Features of Gastric Cancer with Autoimmune Gastritis. Biomedicines 

10:884. https://doi.org/10.3390/biomedicines10040884 



22 
 

29. Ahn S, Kim TS, Kushima R, Lee JH, Kim KM (2025) Autoimmune Gastritis in Korean 

Patients with Gastric Tumors: Clinicopathologic Correlations and Diagnostic Histological 

Features. Gut Liver 19:177-188. https://doi.org/10.5009/gnl240223 

30. Song M, Camargo MC, Katki HA, Weinstein SJ, Männistö S, Albanes D, Surcel HM, Rabkin 

CS (2022) Association of Antiparietal Cell and Anti-Intrinsic Factor Antibodies With Risk of 

Gastric Cancer. JAMA Oncol 8:268-274. https://doi.org/10.1001/jamaoncol.2021.5395 

31. Kriķe P, Appel MS, Shums Z, Poļaka I, Kojalo I, Rudzīte D, Tolmanis I, Kiršners A, 

Bogdanova I, Aleksandravica I, Norman GL, Leja M (2024) Autoimmune gastritis serological 

biomarkers in gastric cancer patients. Eur J Cancer Prev 33:29-36. 

https://doi.org/10.1097/CEJ.0000000000000826 

32. Zhang Z, Zhang X (2023) Chronic atrophic gastritis in different ages in South China: a 10-

year retrospective analysis. BMC Gastroenterol 23:37. https://doi.org/10.1186/s12876-023-

02662-1 

33. Lenti MV, Miceli E, Lahner E, Natalello G, Massironi S, Schiepatti A, Zingone F, Sciola V, 

Rossi RE, Cannizzaro R, De Giorgi EM, Gregorio V, Fazzino E, Gentile A, Petrucci C, Dilaghi 

E, Pivetta G, Vanoli A, Luinetti O, Paulli M, Anderloni A, Vecchi M, Biagi F, Repici A, Savarino 

EV, Joudaki S, Delliponti M, Pasini A, Facciotti F, Farinati F, D'Elios MM, Della Bella C, 

Annibale B, Klersy C, Corazza GR, Di Sabatino A (2024) Distinguishing Features of 

Autoimmune Gastritis Depending on Previous Helicobacter pylori Infection or Positivity to Anti-

Parietal Cell Antibodies: Results From the Autoimmune gastRitis Italian netwOrk Study grOup 

(ARIOSO). Am J Gastroenterol 119:2408-2417. 

https://doi.org/10.14309/ajg.0000000000002948 

34. Hu H, Li R, Shao L, Zhang Q, Xu R, Zhang S (2022) Gastric lesions in patients with 

autoimmune metaplastic atrophic gastritis: a retrospective study in a single center. Scand J 

Gastroenterol 57:1296-1303. https://doi.org/10.1080/00365521.2022.2081061 



23 
 

35. Huang Y, Chen J, Guo Y, Ding Z, Liang X, Zhang W, Xue H, Zhao Y, Li X, Lu H (2025) 

Staging of operative link on gastritis assessment and operative link on gastric intestinal 

metaplasia systems for risk assessment of early gastric cancer: a case-control study. J Clin 

Pathol 78:117-122. https://doi.org/10.1136/jcp-2023-209209 

36. Zhang H, Nie X, Song Z, Cui R, Jin Z (2018) Hyperplastic polyps arising in autoimmune 

metaplastic atrophic gastritis patients: is this a distinct clinicopathological entity? Scand J 

Gastroenterol 53:1186-1193. https://doi.org/10.1080/00365521.2018.1514420 

37. Zhang H, Jin Z, Cui R, Ding S, Huang Y, Zhou L (2017) Autoimmune metaplastic atrophic 

gastritis in chinese: a study of 320 patients at a large tertiary medical center. Scand J 

Gastroenterol 52:150-156. https://doi.org/10.1080/00365521.2016.1236397 

38. Kokkola A, Louhimo J, Puolakkainen P, Alfthan H, Haglund C, Rautelin H (2005) 

Helicobacter pylori infection and low serum pepsinogen I level as risk factors for gastric 

carcinoma. World J Gastroenterol 11:1032-1036. https://doi.org/10.3748/wjg.v11.i7.1032 

39. Wang SM, Roth MJ, Murphy GA, Dawsey SM, Fan JH, Taylor PR, Qiao YL, Abnet CC 

(2019) Serologic Profile of Antiparietal Cell Antibodies, Pepsinogens, and H. pylori and Risk 

of Upper Gastrointestinal Cancer: A Nested Case-Control Study in China. Cancer Epidemiol 

Biomarkers Prev 28:2022-2029. https://doi.org/10.1158/1055-9965.EPI-19-0512 

40. Khalaf K, Fujiyoshi Y, Bechara R (2025) Endoscopic and clinical characteristics of 

autoimmune atrophic gastritis: Retrospective study. Endosc Int Open 13:a24774666. 

https://doi.org/10.1055/a-2477-4666 

41. Mahmud N, Stashek KM, Katona BW, Tondon R, Shroff SG, Roses RE, Furth EE, Metz 

DC (2018) Tu1320 - The Prevalence and Incidence of Neoplasia in Patients with Autoimmune 

Metaplastic Atrophic Gastritis: A Renewed Case for Surveillance Endoscopy. 

Gastroenterology 154:S-933. https://doi.org/10.1016/s0016-5085(18)33146-9 



24 
 

42. Sugiu K, Kamada T, Ito M, Kaya S, Tanaka A, Kusunoki H, Hata J, Haruma K (2006) Anti-

parietal cell antibody and serum pepsinogen assessment in screening for gastric carcinoma. 

Dig Liver Dis 38:303-307. https://doi.org/10.1016/j.dld.2005.10.021 

43. Sipponen P, Kosunen TU, Valle J, Riihelä M, Seppälä K (1992) Helicobacter pylori 

infection and chronic gastritis in gastric cancer. J Clin Pathol 45:319-323. 

https://doi.org/10.1136/jcp.45.4.319 

44. Rugge M, Fassan M, Pizzi M, Zorzetto V, Maddalo G, Realdon S, De Bernard M, Betterle 

C, Cappellesso R, Pennelli G, de Boni M, Farinati F (2012) Autoimmune gastritis: histology 

phenotype and OLGA staging. Aliment Pharmacol Ther 35:1460-1466. 

https://doi.org/10.1111/j.1365-2036.2012.05101.x 

45. Butt J, Lehtinen M, Öhman H, Waterboer T, Epplein M (2022) Association of Helicobacter 

pylori and Autoimmune Gastritis With Stomach Cancer in a Cohort of Young Finnish Women. 

Gastroenterology 163:305-307.e4. https://doi.org/10.1053/j.gastro.2022.03.012 

46. Imamura K, Yao K, Nimura S, Kanemitsu T, Miyaoka M, Ono Y, Ueki T, Tanabe H (2024) 

Clinicopathological and endoscopic features of Helicobacter pylori infection-negative gastric 

cancer in Japan: a retrospective study. Clin Endosc 57:486-494. 

https://doi.org/10.5946/ce.2023.258 

47. Amedei A, Bergman MP, Appelmelk BJ, Azzurri A, Benagiano M, Tamburini C, van der 

Zee R, Telford JL, Vandenbroucke-Grauls CM, D'Elios MM, Del Prete G (2003) Molecular 

mimicry between Helicobacter pylori antigens and H+, K+-adenosine triphosphatase in human 

gastric autoimmunity. J Exp Med 198:1147-1156. https://doi.org/10.1084/jem.20030530 

48. Bergman MP, Vandenbroucke-Grauls CM, Appelmelk BJ, D'Elios MM, Amedei A, Azzurri 

A, Benagiano M, Del Prete G (2005) The story so far: Helicobacter pylori and gastric 

autoimmunity. Int Rev Immunol 24:63-91. https://doi.org/10.1080/08830180590884648 



25 
 

49. Pellicano R, Touscoz GA, Smedile A, Berrutti M, Saracco G, Repici A, Ponzetto A, Rizzetto 

M (2004) Prevalence of non-organ-specific autoantibodies in patients suffering from duodenal 

ulcer with and without Helicobacter pylori infection. Dig Dis Sci 49:395-398. 

https://doi.org/10.1023/b:ddas.0000020491.78450.82 

50. Shah SC, Piazuelo MB, Kuipers EJ, Li D (2021) AGA Clinical Practice Update on the 

Diagnosis and Management of Atrophic Gastritis: Expert Review. Gastroenterology 161:1325-

1332.e7. https://doi.org/10.1053/j.gastro.2021.06.078 

51. Takeuchi C, Sato J, Yamamichi N, Kageyama-Yahara N, Sasaki A, Akahane T, Aoki R, 

Nakajima S, Ito M, Yamamichi M, Liu YY, Sakuma N, Takahashi Y, Sakaguchi Y, Tsuji Y, 

Sakurai K, Tomida S, Niimi K, Ushijima T, Fujishiro M (2024) Marked intestinal trans-

differentiation by autoimmune gastritis along with ectopic pancreatic and pulmonary trans-

differentiation. J Gastroenterol 59:95-108. https://doi.org/10.1007/s00535-023-02055-x 

52. Takeuchi C, Sato J, Yamashita S, Sasaki A, Akahane T, Aoki R, Yamamichi M, Liu YY, Ito 

M, Furuta T, Nakajima S, Sakaguchi Y, Takahashi Y, Tsuji Y, Niimi K, Tomida S, Fujishiro M, 

Yamamichi N, Ushijima T (2022) Autoimmune gastritis induces aberrant DNA methylation 

reflecting its carcinogenic potential. J Gastroenterol 57:144-155. 

https://doi.org/10.1007/s00535-021-01848-2 

53. Tu S, Bhagat G, Cui G, Takaishi S, Kurt-Jones EA, Rickman B, Betz KS, Penz-

Oesterreicher M, Bjorkdahl O, Fox JG, Wang TC (2008) Overexpression of interleukin-1beta 

induces gastric inflammation and cancer and mobilizes myeloid-derived suppressor cells in 

mice. Cancer Cell 14:408-419. https://doi.org/10.1016/j.ccr.2008.10.011 

54. Arnold R (2007) Diagnosis and differential diagnosis of hypergastrinemia. Wien Klin 

Wochenschr 119:564-569. https://doi.org/10.1007/s00508-007-0878-0 



26 
 

55. Kobayashi T, Tonai S, Ishihara Y, Koga R, Okabe S, Watanabe T (2000) Abnormal 

functional and morphological regulation of the gastric mucosa in histamine H2 receptor-

deficient mice. J Clin Invest 105:1741-1749. https://doi.org/10.1172/JCI9441 

56. Waldum HL, Brenna E, Sandvik AK, Petersen H (1991) Trophic effect of histamine on the 

stomach. Scand J Gastroenterol Suppl 180:137-142. 

https://doi.org/10.3109/00365529109093191 

57. Jain RN, Samuelson LC (2006) Differentiation of the gastric mucosa. II. Role of gastrin in 

gastric epithelial cell proliferation and maturation. Am J Physiol Gastrointest Liver Physiol 

291:G762-G765. https://doi.org/10.1152/ajpgi.00172.2006 

58. Roy J, Putt KS, Coppola D, Leon ME, Khalil FK, Centeno BA, Clark N, Stark VE, Morse 

DL, Low PS (2016) Assessment of cholecystokinin 2 receptor (CCK2R) in neoplastic tissue. 

Oncotarget 7:14605-14615. https://doi.org/10.18632/oncotarget.7522 

59. Goldenring JR (2018) Pyloric metaplasia, pseudopyloric metaplasia, ulcer-associated cell 

lineage and spasmolytic polypeptide-expressing metaplasia: reparative lineages in the 

gastrointestinal mucosa. J Pathol 245:132-137. https://doi.org/10.1002/path.5066 

60. Engevik AC, Feng R, Choi E, White S, Bertaux-Skeirik N, Li J, Mahe MM, Aihara E, Yang 

L, DiPasquale B, Oh S, Engevik KA, Giraud AS, Montrose MH, Medvedovic M, Helmrath MA, 

Goldenring JR, Zavros Y (2016) The Development of Spasmolytic Polypeptide/TFF2-

Expressing Metaplasia (SPEM) During Gastric Repair Is Absent in the Aged Stomach. Cell 

Mol Gastroenterol Hepatol 2:605-624. https://doi.org/10.1016/j.jcmgh.2016.05.004 

61. Graham DY, Rugge M, Genta RM (2019) Diagnosis: gastric intestinal metaplasia - what 

to do next? Curr Opin Gastroenterol 35:535-543. 

https://doi.org/10.1097/MOG.0000000000000576 



27 
 

62. Song H, Ekheden IG, Zheng Z, Ericsson J, Nyrén O, Ye W (2015) Incidence of gastric 

cancer among patients with gastric precancerous lesions: observational cohort study in a low 

risk Western population. BMJ 351:h3867. https://doi.org/10.1136/bmj.h3867 

63. Shao L, Li P, Ye J, Chen J, Han Y, Cai J, Lu X (2018) Risk of gastric cancer among patients 

with gastric intestinal metaplasia. Int J Cancer 143:1671-1677. 

https://doi.org/10.1002/ijc.31571 

64. Angerilli V, Vanoli A, Celin G, Ceccon C, Gasparello J, Sabbadin M, De Lisi G, Paudice 

M, Lenti MV, Rovedatti L, Di Sabatino A, Bazzocchi F, Lonardi S, Savarino E, Luchini C, 

Parente P, Grillo F, Mastracci L, Fassan M (2024) Gastric Carcinoma in Autoimmune Gastritis: 

A Histopathologic and Molecular Study. Mod Pathol 37:100491. 

https://doi.org/10.1016/j.modpat.2024.100491 

65. Genta RM, Turner KO, Robiou C, Singhal A, Rugge M (2023) Incomplete Intestinal 

Metaplasia Is Rare in Autoimmune Gastritis. Dig Dis 41:369-376. 

https://doi.org/10.1159/000527479 

66. Reddy KM, Chang JI, Shi JM, Wu BU (2016) Risk of Gastric Cancer Among Patients With 

Intestinal Metaplasia of the Stomach in a US Integrated Health Care System. Clin 

Gastroenterol Hepatol 14:1420-1425. https://doi.org/10.1016/j.cgh.2016.05.045 

67. Yue H, Shan L, Bin L (2018) The significance of OLGA and OLGIM staging systems in the 

risk assessment of gastric cancer: a systematic review and meta-analysis. Gastric Cancer 

21:579-587. https://doi.org/10.1007/s10120-018-0812-3 

68. Dinis-Ribeiro M, Libânio D, Uchima H, Spaander MCW, Bornschein J, Matysiak-Budnik T, 

Tziatzios G, Santos-Antunes J, Areia M, Chapelle N, Esposito G, Fernandez-Esparrach G, 

Kunovsky L, Garrido M, Tacheci I, Link A, Marcos P, Marcos-Pinto R, Moreira L, Pereira AC, 

Pimentel-Nunes P, Romanczyk M, Fontes F, Hassan C, Bisschops R, Feakins R, Schulz C, 

Triantafyllou K, Carneiro F, Kuipers EJ (2025) Management of epithelial precancerous 



28 
 

conditions and early neoplasia of the stomach (MAPS III): European Society of 

Gastrointestinal Endoscopy (ESGE), European Helicobacter and Microbiota Study Group 

(EHMSG) and European Society of Pathology (ESP) Guideline update 2025. Endoscopy 

57:504-554. https://doi.org/10.1055/a-2529-5025 

69. Shah SC, Gawron AJ, Li D (2020) Surveillance of Gastric Intestinal Metaplasia. Am J 

Gastroenterol 115:641-644. https://doi.org/10.14309/ajg.0000000000000540 

70. Gupta S, Li D, El Serag HB, Davitkov P, Altayar O, Sultan S, Falck-Ytter Y, Mustafa RA 

(2020) AGA Clinical Practice Guidelines on Management of Gastric Intestinal Metaplasia. 

Gastroenterology 158:693-702. https://doi.org/10.1053/j.gastro.2019.12.003 

71. Hoft SG, Brennan M, Carrero JA, Jackson NM, Pretorius CA, Bigley TM, Sáenz JB, 

DiPaolo RJ (2025) Unveiling Cancer-Related Metaplastic Cells in Both Helicobacter pylori 

Infection and Autoimmune Gastritis. Gastroenterology 168:53-67. 

https://doi.org/10.1053/j.gastro.2024.08.032 

72. Chen XZ, Huang CZ, Hu WX, Liu Y, Yao XQ (2018) Gastric Cancer Screening by 

Combined Determination of Serum Helicobacter pylori Antibody and Pepsinogen 

Concentrations: ABC Method for Gastric Cancer Screening. Chin Med J (Engl) 131:1232-

1239. https://doi.org/10.4103/0366-6999.231512 

73. Ikeda F, Shikata K, Hata J, Fukuhara M, Hirakawa Y, Ohara T, Mukai N, Nagata M, 

Yoshida D, Yonemoto K, Esaki M, Kitazono T, Kiyohara Y, Ninomiya T (2016) Combination of 

Helicobacter pylori Antibody and Serum Pepsinogen as a Good Predictive Tool of Gastric 

Cancer Incidence: 20-Year Prospective Data From the Hisayama Study. J Epidemiol 26:629-

636. https://doi.org/10.2188/jea.JE20150258 

74. He B, Ma X, Liu M, Zou X, Ye JCXP, Zhang R, Li Z (2025) Incidence of Gastric Cancer 

and Neuroendocrine Tumors in Autoimmune Gastritis: A Systematic Review and Meta-

Analysis of Follow-Up Studies. Helicobacter 30:e70096. https://doi.org/10.1111/hel.70096 



29 
 

75. Shimonovich M, Pearce A, Thomson H, Keyes K, Katikireddi SV (2021) Assessing 

causality in epidemiology: revisiting Bradford Hill to incorporate developments in causal 

thinking. Eur J Epidemiol 36:873-887. https://doi.org/10.1007/s10654-020-00703-7 

76. Afonso J, Ramirez-Campillo R, Clemente FM, Büttner FC, Andrade R (2024) The Perils of 

Misinterpreting and Misusing "Publication Bias" in Meta-analyses: An Education Review on 

Funnel Plot-Based Methods. Sports Med 54:257-269. https://doi.org/10.1007/s40279-023-

01927-9 

77. Ayesh MH, Jadalah K, Al Awadi E, Alawneh K, Khassawneh B (2013) Association between 

vitamin B12 level and anti-parietal cells and anti-intrinsic factor antibodies among adult 

Jordanian patients with Helicobacter pylori infection. Braz J Infect Dis 17:629-632. 

https://doi.org/10.1016/j.bjid.2013.01.009 

78. Veijola LI, Oksanen AM, Sipponen PI, Rautelin HI (2010) Association of autoimmune type 

atrophic corpus gastritis with Helicobacter pylori infection. World J Gastroenterol 16:83-88. 

https://doi.org/10.3748/wjg.v16.i1.83 

79. Bordin DS, Livzan MA, Mozgovoi SI, Gaus OV (2025) Autoimmune Gastritis and 

Helicobacter pylori Infection: Molecular Mechanisms of Relationship. Int J Mol Sci 26:7737. 

https://doi.org/10.3390/ijms26167737 

80. Fong TL, Dooley CP, Dehesa M, Cohen H, Carmel R, Fitzgibbons PL, Perez-Perez GI, 

Blaser MJ (1991) Helicobacter pylori infection in pernicious anemia: a prospective controlled 

study. Gastroenterology 100:328-332. https://doi.org/10.1016/0016-5085(91)90199-u 

81. Kokkola A, Kosunen TU, Puolakkainen P, Sipponen P, Harkonen M, Laxen F, Virtamo J, 

Haapiainen R, Rautelin H (2003) Spontaneous disappearance of Helicobacter pylori 

antibodies in patients with advanced atrophic corpus gastritis. APMIS 111:619-624. 

https://doi.org/10.1034/j.1600-0463.2003.1110604.x 



30 
 

TABLES 

Table 1. Characteristics of the included studies.   

 
 

Referen
ce 

Count
ry 

Stud
y 

type 

Total 
populati

on 

H. pylori 
diagnostic 
methodb 

AIG 
diagnostic 
methodc 

Distribution of tumour 
histology (%) 

   
 

 
 

 

Intestin
al 

Diffu
se 

Mixe
d 

Not 
specifi

ed 

   

Rugge 
M. 

2023a 
[22] 

Italy CS 211 Combinati
on 

Combinati
on 

- - - - 
   

Arai J. 
2022 
[28] 

Japan Coho
rt 

261 Combinati
on 

APC 78.9 21.1 0 0 
   

Ahn S. 
2025 
[29] 

Korea CrS 624 Serology Combinati
on 

70.6 26.8 0 2.6 
   

Song M.  
2022 
[30] 

Korea C-C 1972 Serology APC 0 0 0 100 
   

Krike P.  
2024 
[31] 

Latvia C-C 428 Serology Combinati
on 

50 27.1 10.3 12.6 
   

Zhang 
Z.  2023 

[32] 

China CS 24084 Combinati
on 

Combinati
on 

0 0 0 100 
   

Lenti M.  
2024 
[33] 

Italy CS 1598 Combinati
on 

Histology 0 0 0 100 
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Hu H.  
2022 
[34] 

China CS 135 Combinati
on 

Combinati
on 

0 0 0 100 
   

Huang 
Y.  2025 

[35] 

China C-C 392 Combinati
on 

APC 98.5 0 0 1.5 
   

 Zhang 
H.  2018 

[36] 

China CrS 1170 Histology Combinati
on 

90 0 10 0 
   

 Zhang 
H.  2017 

[37] 

China CS 320 Histology Combinati
on 

44.4 22.2 0.1 33.3 
   

Kokkola 
A.  2005 

[38] 

Finlan
d 

C-C 251 Serology APC 42.7 56.6 0 0.7 
   

Wang 
S.  2019 

[39] 

China C-C 900 Serology APC 0 0 0 100 
   

Khalaf 
K.  2025 

[40] 

Cana
da 

CS 63 NR Combinati
on 

0 0 0 100 
   

Dilaghi 
E.  2023 

[20] 

Italy CS 275 Combinati
on 

Histology 0 0 0 100 
   

Mahmu
d N.  
2018 
[41] 

United 
States 

CS 150 Histology Histology 0 0 0 100 
   

Sugiu K.  
2006 
[42] 

Japan CrS 92 Combinati
on 

APC 0 0 0 100 
   

Sippone
n P.  

Finlan
d 

C-C 137 Histology Combinati
on 

57.4 38.9 0 3.7 
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1992 
[43] 

Rugge 
M. 2012 

[44] 

Italy CS 562 Combinati
on 

Combinati
on 

100 0 0 0 
   

Butt J.  
2022 
[45] 

Finlan
d 

C-C 1414 Serology Combinati
on 

4.1 67.5 0.5 27.9 
   

Imamur
a K.  
2024 
[46] 

Japan CS 54 Combinati
on 

Histology 79.6 16.7 0 3.7 
   

 
CS: Case series; C-C: Case-control; CrS: Cross-sectional; NR: Not reported; APC: Anti-
parietal cell antibodies.   
a Only study in which no cases of gastric cancer were reported. 
b “Combination” indicates diagnostic criteria incorporating histology, serology, urea breath 
testing and/or Helicobacter pylori faecal antigen. 
c “Combination” indicates diagnostic criteria incorporating histology, anti‐parietal cell 
antibodies and anti‐intrinsic factor antibodies. 
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Fig. 1 PRISMA Flow diagram   
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AIG: Autoimmune Gastritis; GC: Gastric cancer.      
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Meta-analysis of the association between GC and AIG without adjustment for H. pylori 
infection 
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GC: gastric cancer.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3 Meta-analysis of the association between GC and AIG in case-control populations 
without adjustment for H. pylori infection 
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GC: gastric cancer.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 Subgroup meta-analysis of the association between AIG and GC stratified by H. pylori 
status 
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GC: gastric cancer.   
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Fig. 5 Meta-analysis of the association between GC and AIG after adjustment for H. pylori 

infection 
 

 
GC: gastric cancer.   
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