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Abstract
BACKGROUND
As an emerging potential risk factor for gastric cancer, autoimmune gastritis (AIG) has garnered increasing attention from researchers.

AIM
To analyze the research overview and popular topics in the field of AIG using bibliometrics.

METHODS
Relevant publications on AIG in the Web of Science Core Collection were collated, and data visualization and analysis of the number of publications, countries, institutions, journals, authors, keywords, and citations were performed using software such as VOSviewer, CiteSpace, and Scimago Graphic.

RESULTS
In total, 316 relevant articles were included in the analysis. From 2015 to 2022, the number of publications increased annually. The countries, institutions, authors, and journals with the highest number of publications in this field were Italy, Monash University, Toh BH, and Internal Medicine. The main keywords used in this field of research were pathogenesis, Helicobacter pylori, autoantibody, parietal cell antibody, atrophic gastritis, classification, diagnosis, autoimmune disease, risk, cancer, gastric cancer, vitamin B12 deficiency, and pernicious anemia. The following directions may be popular for future research: (1) the role of Helicobacter pylori in the pathogenesis of AIG; (2) diagnostic criteria for AIG and reference values for serum antibodies; (3) comorbidity mechanisms between AIG and other autoimmune diseases; (4) specific risks of AIG complicating gastric and other cancers; and (5) the role of vitamin B12 supplementation in patients with early-stage AIG.

CONCLUSION
This bibliometric analysis reported on popular topics and emerging trends in AIG, with diagnosis and prognosis being research hotspots in this field.
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Core Tip: The pathogenesis, diagnostic criteria and prognosis of autoimmune gastritis (AIG) have been controversial. This study is expected to provide valuable insights for AIG. It uses bibliometrics to scrutinize factors such as publication years, countries, institutions, authors, journals, and keywords, while also revealing key areas for future research: (1) the role of Helicobacter pylori in the pathogenesis of AIG; (2) diagnostic criteria for AIG and reference values for serum antibodies; (3) comorbidity mechanisms between AIG and other autoimmune diseases; (4) specific risks of AIG complicating gastric and other cancers; and (5) the role of vitamin B12 supplementation in patients with early-stage AIG.

INTRODUCTION
Autoimmune gastritis (AIG) is a chronic inflammatory disease characterized by the destruction of gastric parietal cells, loss of intrinsic factors, and atrophy of the gastric mucosa[1]. Epidemiological investigations indicate that the prevalence of AIG ranges from 0.1% to 2% in the general population, and it can be as high as 2%–3% in females and those older than 60 years of age[2]. The pathogenesis of AIG has not been fully elucidated, and current theories suggest that CD4+ T lymphocytes target the H+/K+- ATPase of parietal cells, stimulating plasma cells to secrete autoantibodies, which may constitute the main pathogenesis[3]. The autoantibodies secreted by plasma cells mainly include parietal cell antibodies (PCA) and intrinsic factor antibodies (IFA)[4]; the former plays a pivotal role in parietal cell destruction and glandular atrophy[5], while the latter is an internal mechanism that triggers vitamin B12 deficiency and pernicious anemia[6]. Due to the nonspecific clinical symptoms of AIG, its diagnosis primarily relies on digestive endoscopy, histopathological manifestations, and serum antibodies[7]. Although recently published "Diagnostic criteria and endoscopic and histological findings of autoimmune gastritis in Japan" offer guidance for the clinical diagnosis of AIG[8], ongoing controversy remains regarding the diagnostic criteria for AIG among different countries, and as yet, there are no uniform diagnostic criteria. Research progress has provided increasing evidence in recent years that AIG may be a preneoplastic disease, which increases the patient’s risk of developing gastric cancer and neuroendocrine tumors[9]. Furthermore, AIG is often comorbid with other autoimmune diseases, and it has been reported that approximately 53% of patients with AIG suffer from autoimmune thyroid disease[10]. Moreover, AIG may be a risk factor for other autoimmune diseases[11]. There are ongoing controversies surrounding the pathogenesis, diagnostic criteria, and prognosis of AIG, which may characterize future research in this field.
Bibliometrics is an emerging method of literature analysis that can quantitatively and qualitatively analyze articles in related fields[12] and summarize various characteristics of the included literature, such as countries, institutions, journals, authors, citation rates, and keywords, thereby revealing popular research topics and trends in related fields that have been widely applied across multiple fields[13-15]. In recent years, research in the field of AIG has progressed rapidly, with an increasing number of scholars focusing on the pathogenesis, diagnosis, and prognosis of AIG; however, there are no bibliometric studies related to AIG. Therefore, this study uses bibliometric analysis to explore the current research status and popular topics of AIG to provide directions for future research.

MATERIALS AND METHODS
Data sources and search strategy
The Web of Science Core Collection (WoSCC) was chosen as the data source for this study because of its coverage, citation analysis, journal quality, standardized data, and interdisciplinary research[16,17]. The proposed search formula was "translational science = Autoimmune gastritis OR Autoimmune atrophic gastritis". The search was conducted until May 2023, the restricted language was English, and the types of studies included were articles and review articles.

Data collection and analysis
Yu YF and Tong KK screened the documents and excluded non-journal papers, papers not written in English, and those that were not relevant to the research topic. The remaining documents were exported in "plain text file" and "delimited file" formats. Disagreements were resolved by Yang XY.
The data were imported into Microsoft Excel 2021 to construct a bibliometric database. VOSviewer 1.6.19, CiteSpace 6.2.2, Pajek 5.16, and Scimago Graphica 1.0.34 were used for the bibliometric analysis of the research data, which included the countries, institutions, authors, journals, references, and keywords of the selected literature. Bibliometric indicators such as average citations per item (ACI), H-index, centrality, and sum of times cited (SOTC) were used for data analysis[18,19]. The ACI metric was used to measure the academic impact of a researcher, organization, or scholarly journal, with higher values indicating a greater academic impact. The H-index is the highest number of papers that received at least one citation. A higher H-index indicates greater influence. Centrality is an important metric used to identify the relative importance of a node within a network. The SOTC summed all citations of a set of papers, providing a holistic view of the overall impact, with a higher value indicating greater academic influence.

RESULTS
The trend of publication output
We searched a total of 1014 articles and ultimately included 316 articles after screening (Figure 1). As shown in Figure 2, the study of AIG commenced in 1969, and 53.48% of the total research articles were published in the last decade. The number of articles published each year after 2018 has consistently increased compared to the previous year, with the number of articles published in 2019 being 1.31 times that in 2018, the number of articles published in 2020 being 1.35 times that in 2019, and the number of articles published in 2021 being 1.17 times that in 2020. In 2022, there were 39 articles, which was 1.44 times that in 2021. For 2023, our data cover only the first five months; thus, a year-to-year comparison is not yet available. 

Analysis of country/region distribution
Thirty countries published studies on AIG. Italy had the highest number of publications, accounting for 22.15% of the total, followed by Japan (21.52%), the United States (18.67%), and Australia (15.19%); the remaining countries contributed 5.7% or less (Table 1). 
To visualize the collaboration among countries/regions, this study employed Scimago Graphica 1.0.34, in which a larger node area corresponds to a larger number of publications from that country or region. Nodes with a redder color represent a larger number of collaborative publications between that country/region and other countries/regions, whereas a thicker connecting line between nodes indicates closer collaboration between the two countries/regions, as shown in Figure 3. Among these, the United States had the highest number of collaborative publications with other nations. Italy and the United States exhibited the closest cooperation, followed by Italy and the Netherlands. In terms of the H-index, Italy led the way with an H-index of 25, followed by Australia (H-index = 22) and the United States (H-index = 19). Regarding ACI, Sweden (ACI = 57.3) took the lead, followed by the Netherlands (ACI = 50.63) and Australia (ACI = 33.52).

Analysis of institution distribution
A total of 409 institutions conducted research on AIG. The institution with the highest number of publications was Monash University in Australia, with 38 articles, which is twice as many as the second-ranked University of Pavia (n = 19). Kyoto University in Japan ranked third with 17 publications. Half of the top 10 institutions were based in Italy, while the remaining institutions were from Australia (n = 2), Japan (n = 2), and Turkey (n = 1), as shown in Table 2.
Institutional co-occurrence analysis illustrates the collaborative relationships among organizations, as demonstrated in Figure 4. The size of the node indicates the volume of publications, and the color intensity of the node represents the level of collaboration with other institutions. Among the top 10 institutions, Monash University had the highest number of collaborative publications with other organizations, indicating a strong cooperative relationship.

Analysis of authors and authors' collaborations
A total of 1428 authors participated in AIG-related research, with an average of 4.5 authors per paper. Notably, the top four authors with the highest number of publications were from Australia. Among them, Toh had the highest publication volume, with 31 articles published, followed by Vandriel (n = 25), Gleeson (n = 23), and Alderuccio (n = 19). Among the top 10 authors, three were from Italy, two were from Turkey, and one was from Japan. In terms of the ACI, Gleeson topped the list with a score of 41.96, closely followed by Toh (ACI = 41.35) and Lenti (ACI = 34.17), as shown in Table 3.
Author co-occurrence networks, as illustrated in Figure 5, provide insight into the collaborative relationships between authors. Larger nodes signify more publications, node colors represent different countries, and connecting lines denote collaborative relationships between individual authors. In terms of collaborative relationships, four large working groups consisting of 10 or more authors were observed. Among the top 10 authors by publication volume, Australian authors tended to collaborate more frequently with their domestic counterparts, whereas Italian authors exhibited higher degrees of international collaboration.

Analysis of journal distribution
Table 4 lists the top 20 journals that have published the highest number of articles in the field of AIG. The journal with the highest number of articles published is "Internal Medicine" with 11 relevant articles, followed by "Gastroenterology" (n = 10). The journal with the highest impact factor (IF) is "Gastroenterology" with an IF of 33.883, followed by "Autoimmunity Reviews" (IF = 17.390), while the IF of all other journals is below 10. In terms of journal partition, two of the top three journals belong to the Q4 region, and one is in the Q1 region. Among the top 20 journals, 13 fall within Q1 and Q2 regions, while the remaining seven are in Q3 and Q4 regions.

Analysis of popular topics and frontiers
The keywords included in the literature were statistically analyzed using CiteSpace, and the top 20 keywords in terms of frequency are listed in Table 5. Apart from the subject and free words related to AIG, keywords such as "pernicious anemia”, "Helicobacter pylori”, "classification”, "diagnosis”, "Helicobacter pylori infection”, "autoantibody", and "cancer" have a high frequency. Among them, "Helicobacter pylori”, "Helicobacter pylori infection" and "autoantibody" are related to the pathogenesis of AIG, while "classification" and "diagnosis" are linked to its clinical diagnosis. "Pernicious anemia”, "cancer", and "vitamin B12 deficiency" are associated with AIG prognosis, indicating that researchers in this field should pay close attention to its pathogenesis, diagnosis, and prognosis.
Burst detection of keywords can indicate current popular research topics and trends in a field, as shown in Figure 6. The red bars represent the start, end, and duration of citation bursts. "Follow up" is the earliest keyword to appear, with a burst strength of 2.8 and a duration of 4 years, indicating that it is a topic of close attention in the early stage. "Prevalence" has the longest duration, appearing in 2015 and continuing for seven years, and is a topic that researchers continue to focus on. Excluding the subject and free words of AIG, "pathogenesis" is the keyword with the highest burst intensity, indicating that pathogenesis is a topic of great concern for researchers. "Risk”, "vitamin B12 deficiency”, "atrophic gastritis", and "gastric cancer" are the keywords that have remained in the burst to the present, and they are currently popular topics that researchers are still focusing on.
CiteSpace clusters the keywords and presents them in a timeline view; Figure 7 shows the clustering results for the first 11 clusters. The differently colored horizontal lines represent the clusters formed by the keywords, the nodes on the horizontal lines represent the keywords, and the positions of the nodes represent the year in which the documents containing the keywords first appeared. "Atrophic body gastritis" was the largest keyword cluster, followed by "Helicobacter pylori". "Vitamin B12 deficiency" appeared the latest, while "vaccine candidates" and "expression" appeared later, and the remaining keyword clusters appeared early. Over time, nodes for "Helicobacter pylori”, "parietal cell antibody", and "autoimmune disease" continue to exist and increase, signifying that they remain popular topics for future research in this field.

Analysis of cited references and reference burst
Table 6 lists the top 20 cited articles in the field. "Reappraisal of nature and significance of chronic atrophic gastritis" authored by Strickland and Mackay[20] in 1973 was the earliest published article and has been cited 505 times. It was the first AIG-related article to be recognized and cited by many researchers. The most cited article is "Classification and grading of gastritis - The updated Sydney System", published by Dixon et al[21] in 1996, with a citation frequency of 4036. This count is significantly higher than other articles, indicating that the concepts and grading involved in the article are widely recognized by the academic community. These highly cited articles were predominantly concentrated within the 20-year period from 1990 to 2010, with only three highly cited articles published in the last decade. Among the top 20 cited articles, only Toh published two articles, while the remainder were authored by different researchers.
Reference burst detection can be used to identify specific works or authors that have received significant attention during a specific period, as shown in Figure 8. The red bars represent the start, end, and duration of citation bursts. Burst detection reveals that the article "Autoimmune gastritis" by Lenti et al[22] in 2020 has the highest burst intensity, indicating that the results have received focused attention from researchers. Additionally, the articles "Multicenter study of autoimmune gastritis in Japan: clinical and endoscopic characteristics" by Terao et al[23] in 2020, "Natural history of autoimmune atrophic gastritis: a prospective, single centre, long-term experience" by Miceli et al[2] in 2019, and "Prevalence of autoimmune gastritis in individuals undergoing medical checkups in Japan" by Notsu et al[24] in 2019 have bursts that have continued to the present, indicating that they remain popular topics in the field. 

Analysis of co-cited references
Over the last two decades, 6625 co-cited references on AIG have been published. Table 7 shows the top 20 cocited references, all of which were co-cited at least 33 times. "Classification and grading of gastritis. The updated Sydney System" by Dixon et al[21] published in 1996, is the most co-cited reference, with 78 co-citations. This count is significantly higher than that of other articles, indicating that the concepts and grading involved in the article are widely recognized by the academic community.
We chose references with 15 or more co-citations to construct a co-citation network graph, as shown in Figure 9. The size of the nodes was proportional to the number of co-citations. The lines between nodes represent co-citation relationships, and the thickness and number of connections between nodes indicate the strength of the links between citations. "Dixon et al[21], 1996, Am J Surg Pathol" and "Strickland and Mackay[20], 1973, Am J Dig Dis”, as well as "Dixon et al[21], 1996, Am J Surg Pathol" and "Toh et al[25] 1997, New Engl J Med" show a strong association, suggesting that they are universally recognized and relevant studies in the AIG field.

DISCUSSION
General information
With the growing awareness of AIG, an increasing number of doctors are focusing on this often-overlooked and undiagnosed disease. The pathogenesis, diagnosis, and treatment of AIG are gradually becoming popular research topics across multiple disciplines[26]. This study aims to utilize bibliometric analysis to examine the major countries, institutions, journals, authors, etc., that have studied the AIG field and explore the popular research topics and trends in this field.
Research on AIG originated in the mid-20th century, and its publication volume grew slowly in the early years. However, since 2018, there has been explosive growth in terms of publications. Approximately 40% of the articles were published in 2018 or after, and the number of articles issued annually has shown a growing trend. In the 1960s, with the widespread use of gastroscopy and the discovery of PCA and IFA, AIG emerged as a special disease characterized by gastritis caused by autoimmune mechanisms[27,28]. In 1973, Strickland and Mackay[20] proposed categorizing gastritis into type A and type B based on whether serum PCA was positive. They pointed out that type A gastritis is associated with an autoimmune response characterized by highly restrictive atrophy of the body and fundus of the stomach[20]. Since then, AIG and type A gastritis have become synonymous. In the 1990s, the Sydney System proposed by the World Congress of Gastroenterology categorized atrophic gastritis into two types: Predominantly gastric body gastritis associated with autoimmunity, known as AIG, and multifocal gastritis associated with environmental factors[21]. In the 20 years that followed, research progress on AIG was relatively modest because researchers' understanding of AIG was mostly inseparable from pernicious anemia and Helicobacter pylori infection. The harmful effects of Helicobacter pylori were further elaborated by the Kyoto Global Consensus in 2015[29]. As the rate of Helicobacter pylori eradication increases, an increasing number of patients with AIG are being clinically diagnosed, leading people to realize that AIG is an underestimated disease. Since 2018, an increasing number of researchers have focused on AIG, resulting in an explosive surge in publications, with the annual number of articles reaching 39 in 2022.
Analyzing the countries/regions contributing to published articles helps us understand the influence and contributions of each country/region in the field. Italy ranked the highest in publication volume, with 70 articles, accounting for 22.15% of the total. In terms of influence, Italy also holds the highest H-index, while the Netherlands has the highest ACI. In terms of cooperative relationships between countries, Italy engages in close cooperation with the United States and the Netherlands. These results show that Italy is an indispensable and important country in this field of research, not only contributing significantly to the research progress of AIG but also playing a crucial role in international collaboration. Among the top 10 countries in terms of publication volume, Italy, Germany, Sweden, the Netherlands, and Finland are all European countries, suggesting that research on AIG is more popular in the European region, which may be related to the high prevalence of pernicious anemia among Europeans[30]. Pernicious anemia is the result of a deficiency in internal factors caused by the autoimmune mechanism of AIG[31], and its diagnosis relies on atrophy of the gastric acid gland mucosa. This makes AIG research in European countries both necessary and urgent. It is worth noting that Japan, ranked second in publication volume, has an average citation rate of only 14.65, whereas China, which is also an Asian country, has a much lower H-index and publication volume than European and American countries. This suggests a large gap between the international influence of Asian countries in the field of AIG and that of European and American countries. From a collaborative perspective, there is a lack of collaboration between Japan and China, which could be detrimental to the long-term development of academia. The disease characteristics of the Chinese and Japanese populations may be similar because they are both of Asian descent, indicating that strengthening the collaboration between the two countries in this field would be meaningful.
The institution with the highest number of publications was Monash University in Australia, with 38 articles, twice the number of second-ranking institutions. Monash University collaborates closely with the University of Melbourne within the same country and with a number of institutions abroad, indicating that Monash University has conducted in-depth research in this field and can promote progress in this field internationally. Half of the top 10 institutions by volume are from Italy, which shows that there is a strong interest in AIG among Italian researchers; however, these institutions lack close collaboration among themselves. Thus, they should focus on exchanges with domestic institutions to enhance their breadth and depth of cooperation. Similarly, Kyoto University in Japan, which ranks third in publication volume, has collaborations with institutions from various countries but lacks collaboration with the second-ranking domestic institution, which is detrimental to research on AIG in Japan as well as to the long-term development of both institutions. It is advisable for Kyoto University to deepen collaboration with domestic institutions and, at the same time, strengthen ties with institutions in other Asian countries, such as China, to increase its international influence while increasing the output of its achievements. It is worth noting that the United States, which ranks third in publication volume, lacks an institution in the top 10 rankings, suggesting that while there might be numerous American institutions engaged in research on AIG, there is a lack of leading institutions with high output in the field. Research institutions in the US should provide stronger support to establish leading institutions that can guide research efforts, thereby fostering coordinated collaboration among various institutions.
The four authors with the highest number of publications were from Australia. Toh and Alderuccio are from Monash University, while Vandriel and Gleeson are from the University of Melbourne. Their research focuses on cell biology, immunology, pathology, and gastroenterology. Toh, Vanriel, and Gleeson are a team, and Toh and Alderuccio work closely together; their research focuses on exploring the pathogenesis of AIG in mouse models. They conducted a series of studies on BALB/c mice induced by neonatal thymectomy and found that the autoimmune response to AIG is caused by TH1-type CD4 T cells recognizing the β-subunit of the gastric H+/K+ ATPase[32] and indicates that Fas is necessary for the development of gastric mucosal cell damage in AIG[33]. These authors' articles rank among the top in terms of quantity and quality, and they collaborate closely with each other, jointly promoting research in the field of AIG pathogenesis in Australia. However, Australia has fewer authors engaged in this field, and it is hoped that more Australian scholars will engage in AIG research in the future. Among the top 10 authors, there are also three from Italy: Miceli from Fondazione IRCCS Policlinico San Matteo and Di Sabatino and Lenti from the University of Pavia. They also constitute a tightly collaborating team, primarily engaging in laboratory serology studies and clinical research related to AIG and focusing on controversial aspects of AIG, such as its relationship with Helicobacter pylori[34], its course[2], and its potential risk factors[35,36]. In terms of cooperation, they not only closely cooperate with domestic scholars but also actively cooperate with foreign researchers, which enriches their clinical trial data, thus promoting the development of AIG clinical research. It is anticipated that more multicenter clinical trials will be conducted in the future to provide an inexhaustible impetus for further advancement in AIG research. The two authors from Turkey, Soykan and Kalkan, predominantly study complications and laboratory serology in relation to AIG[37,38], and their achievements are primarily found in cooperation with each other, while they lack of collaboration with the outside world. Haruma from Japan promoted endoscopic research on AIG[23,39] and identified endoscopic clues for early AIG by accumulating cases[40]. Overall, AIG research has been conducted in various ways, but each country focuses on different directions, and academic exchanges should be strengthened in the future to provide a better environment for the development of this field.
In analyzing the publication journals, the journal with the highest IF is Gastroenterology (IF=33.883, Q1), which has published a total of 10 articles in the field of AIG. Articles published before 2002 mainly focused on foundational research on AIG pathogenesis[3,41], whereas in recent years, the tendency has been to publish high-quality clinical studies[42]. This shift indicates that the AIG research trend is evolving from basic research to clinical investigation, with an increasing number of researchers attempting to explore the pathogenesis, clinical diagnosis, and treatment of AIG through clinical studies. The journal with the largest number of published articles is Internal Medicine (IF=1.282, Q4), which mainly publishes case reports related to AIG, and most of the topics are related to digestive endoscopy. This suggests that the journal has a strong interest in case reports of endoscopic manifestations of AIG and that the accumulation and summary of these case reports play an important role in promoting clinical research on AIG. The top 10 journals in terms of publication volume mostly belong to the Q1 and Q2 regions, indicating that AIG research is still influential in the relevant disciplines in this field.

Popular topics and frontiers
To gain a clearer understanding of the research focal points in the realm of AIG, we reviewed primary literature pertaining to popular topics implicated in frequency, burst, and temporal clustering analyses. Subsequently, we distilled from these pivotal keywords the current quintet of popular research topics in the domain of AIG. (1) The role of Helicobacter pylori in AIG pathogenesis (keywords: Helicobacter pylori, Helicobacter pylori infection): The role of Helicobacter pylori infection in AIG pathogenesis is the current focal point of investigation. Most scholars posit that Helicobacter pylori is implicated in the onset of AIG, possibly due to antigen mimicry or cross-reactivity[43]. Amedei et al[44] reported that in genetically susceptible individuals, Helicobacter pylori infection can activate cross-reactive gastric T cells, thereby inducing gastric autoimmunity through molecular mimicry. Faller et al[45] have detected PCA and anti-PCA in Helicobacter pylori-infected gastritis, suggesting some similarities between the pathogenic mechanisms of Helicobacter pylori-infected gastritis and AIG. However, the ongoing discourse regarding whether Helicobacter pylori infection exerts a positive or negative influence on the progression of AIG remains unclear. Kotera et al[46] reported a case of AIG in which gastric mucosal atrophy showed improvement after Helicobacter pylori eradication; however, the underlying reasons for this change remain unexplained. Conversely, the literature has documented cases of AIG progression after Helicobacter pylori eradication, suggesting that Helicobacter pylori infection may inhibit AIG activity[47]. In summary, the role of Helicobacter pylori in AIG remains a subject of ongoing debate and should be a focal theme for future research; (2) Diagnostic criteria for AIG and reference values of serum antibodies (keywords: autoantibody, parietal cell antibody): AIG diagnosis currently lacks a universally accepted standard. The most recent diagnostic criteria, published in 2023 by Kamada et al[8] in "Diagnostic criteria and endoscopic and histological findings of autoimmune gastritis in Japan", have set the diagnostic criteria for AIG as the fulfillment of endoscopic and/or histological manifestations that meet specific criteria, alongside positive findings for PCA and/or IFA[8]. Given that early-stage AIG lacks distinct endoscopic manifestations, its diagnosis requires the fulfillment of histological criteria and the presence of autoantibodies. Autoantibodies such as PCA and IFA, which represent diagnostic markers for AIG, hold significant value. However, the absence of autoantibodies does not definitively exclude the possibility of AIG. This is attributed to the fact that PCA titers tend to gradually decline from early- to late-stage AIG, and late-stage patients may exhibit PCA negativity due to the depletion of antigens resulting from parietal cell loss[48]. Furthermore, evidence suggests an age-related correlation, with PCA negativity being more common among older adult AIG patients[49]. Notably, recent research by Kriķe et al[50] suggests that PCA and PGI/II constitute the optimal combination for AIG detection, while the diagnostic value of IFA is limited. In summary, the academic community currently lacks consensus regarding AIG diagnostic standards, and the specificity and sensitivity of autoantibodies, such as PCA and IFA, in AIG diagnosis remains a subject of debate. These findings provide avenues for future research and potential breakthroughs; (3) Comorbidity mechanisms between AIG and other autoimmune diseases (keyword: Autoimmune disease): As an autoimmune disease, AIG often coexists with other autoimmune diseases. When AIG is combined with other autoimmune afflictions and results in deficiencies in various endocrine organs, it is termed autoimmune multiglandular syndrome[51]. Thyroid disorders are the most common comorbidities in patients with AIG, affecting approximately 53% of AIG cases[10]. Known autoimmune disorders that commonly coincide with AIG include type 1 diabetes, rheumatoid arthritis, primary Sjögren's syndrome, inflammatory bowel disease, vitiligo, chronic cheilitis, myasthenia gravis, Addison's disease, etc.[11,52]. Although the current evidence suggests a connection between AIG and other autoimmune disorders, the mechanisms underlying their comorbidity are yet to be elucidated. The shared comorbidity mechanisms of AIG and other autoimmune diseases may be a focal point for future research; (4) Specific risks of AIG complicating gastric and other cancers (keywords: Risk, gastric cancer, cancer): Gastric carcinoma and neuroendocrine tumors represent the most severe known complications and latent risks of AIG[53]. The damaged parietal cells are supplanted by tissues undergoing pseudopyloric and intestinal metaplasia, thus fostering the metamorphosis into gastric cancer[54]. This destruction of parietal cells leads to a reduction in gastric acid secretion, thereby triggering negative feedback regulation in the gastric antrum, resulting in increased levels of gastrin in the bloodstream[55]. Gastrin has the potential to stimulate the proliferation of enterochromaffin-like cells in the intestines, culminating in the development of neuroendocrine tumors[55]. The OLGA/OLGIM systems indicate a heightened risk of gastric cancer in patients with AIG at stages III–IV, which is primarily associated with concomitant Helicobacter pylori infection[56]. Notably, a recent long-term clinical observation suggested that AIG did not elevate the risk of gastric cancer when compared to the general population, suggesting that the previously reported increased risk may be attributed to undetected concurrent Helicobacter pylori infection[57]. Nevertheless, Waldum[58] contends that the design of this clinical observation lacked rationality and posited that the role of Helicobacter pylori infection in augmenting gastric cancer risk among AIG patients remains to be substantiated. In summary, AIG may augment the risk of neuroendocrine tumors, yet its impact on gastric cancer risk remains a subject of contention. The precise risk of AIG complicating gastric cancer and other malignancies warrants further investigation. In summary, AIG leads to an increased risk of neuroendocrine tumors; however, its effect on the risk of gastric cancer remains controversial. The specific risk of AIG being complicated by gastric and other cancers is an interesting area of research; and (5) Potential role of vitamin B12 supplementation in patients with early-stage AIG (keywords: Vitamin B12 deficiency, pernicious anemia): In early investigations, pernicious anemia was regarded as a complex ailment encompassing serology, gastroenterology, and immunology[30]. During AIG, the destruction of parietal cells and the formation of IFA jointly lead to a decline in intrinsic factor levels, consequently hindering the absorption of vitamin B12 and ultimately leading to pernicious anemia. Notably, clinical observations by Hershko and others[59] revealed that iron-deficiency anemia, rather than megaloblastic anemia, was the most common type of anemia in patients with AIG. They suggested that this anemia occurred before the onset of pernicious anemia caused by prolonged vitamin B12 deficiency, with its etiology linked to parietal cell destruction, leading to gastric acid deficiency. Furthermore, multicenter studies have indicated that mild hematological alterations and deficiencies in trace nutrients, such as iron and vitamins, appear before overt anemia[60]. These indications suggest that iron and vitamin B12 supplementation might be advantageous for patients before the diagnosis of iron-deficiency anemia or pernicious anemia, although there is insufficient evidence to support this inference. In summary, because pernicious anemia rarely occurs in the early stages of AIG, the need for early vitamin B12 and iron supplementation is debatable and is a research topic of interest for future studies in the field of AIG.

Limitations
Although we rigorously adhered to bibliometric research methods, our study has limitations. First, to ensure the quality of this study, we exclusively obtained data from the WoSCC database. This decision may have led to an incomplete search for articles. Second, our study was limited to English-language publications, and abstract-only papers were excluded. This may have reduced the comprehensiveness of the research findings. Third, as WoSCC was continuously updated, the citation counts and H-index of the included articles continuously evolves, introducing inevitable temporal limitations to this study.

CONCLUSION
To the best of our knowledge, this is the first comprehensive quantitative bibliometric analysis of AIG. It scrutinized factors such as publication year, country, institution, author, journal, and keywords while also clarifying key areas for future research: (1) the role of Helicobacter pylori in AIG pathogenesis; (2) diagnostic criteria for AIG and the significance of serum antibodies; (3) comorbidity mechanisms of AIG and other autoimmune diseases; (4) specific risks of AIG complicated by gastric cancer and other malignancies; and (5) the potential role of vitamin B12 supplementation in patients with early-stage AIG. This study is expected to provide valuable insight for further AIG research.

ARTICLE HIGHLIGHTS
Research background
Autoimmune gastritis (AIG) is a distinctive type of chronic atrophic gastritis that is considered a potential risk factor for some tumors. Increasing numbers of researchers are focusing on the pathogenesis, diagnosis, and prognosis of AIG.

Research motivation
Bibliometrics is one of the most commonly used methods to evaluate the research status in a field. To date, there are no bibliometric studies related to AIG. Bibliometric analysis provide a more comprehensive overview of the research status and research hotspots in AIG.

Research objectives
This study aims to provide a comprehensive understanding of the knowledge structure and research hotspots of AIG and to offer new ideas and directions for its research.

Research methods
Data for this study were sourced from the Web of Science Core Collection. The proposed search formula was "translational science = Autoimmune gastritis OR Autoimmune atrophic gastritis". The search was conducted until May 2023, the restricted language was English, and the type of studies included were articles and review articles.

Research results
In total, 316 relevant articles were included. From 2015 to 2022, the number of publications increased annually. The countries, institutions, authors, and journals with the highest number of publications in this field were Italy, Monash University, Toh BH, and Internal Medicine. The main keywords usd in this field of research were pathogenesis, Helicobacter pylori, autoantibody, parietal cell antibody, atrophic gastritis, classification, diagnosis, autoimmune disease, risk, cancer, gastric cancer, vitamin B12 deficiency, and pernicious anemia.

Research conclusions
This was the first bibliometric analysis related to AIG, highlighting hot topics and emerging trends in the field, and offering new ideas to further scientific research and clinical applications.

Research perspectives
The following directions may be popular for future research: (1) the role of Helicobacter pylori in the pathogenesis of AIG; (2) diagnostic criteria for AIG and the reference value of serum antibodies; (3) comorbidity mechanisms between AIG and other autoimmune diseases; (4) specific risks of AIG complicating gastric and other cancers; and (5) the role of vitamin B12 supplementation in patients with early-stage AIG.
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Figure Legends
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Figure 1 Flow diagram of the included papers. TS: Translational science; WoSCC: Web of Science Core Collection.
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Figure 2 Trends of the related annual publications.
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Figure 3 Scimago Graphic collaboration visualization map of country/region. In this visual map, each node is a country, and the links between countries represent cooperative relations. The size of each node is proportional to the total number of publications. The red nodes indicate that there are more cooperative publications between the country/region and other countries/regions, while the thicker connecting lines between the nodes indicate that the cooperation between the two countries/regions is closer.
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Figure 4 Scimago Graphic collaboration visualization map of institutions. In this network visualization map, each node is an institution. The size of the node indicates the volume of publications, and the color intensity of the node represents the level of collaboration with other institutions. The node color reflects the corresponding average appearing year according to the color gradient in the lower right corner.
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Figure 5 Analysis of author collaborations. In this network visualization map, each node is an author, and the links between the authors represent the cooperative relationship. The size of each node is proportional to the total number of publications, the colors of nodes represent different countries, and the connecting lines represent the cooperative relationship between individual authors.
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Figure 6 Top 20 keywords with the strongest keyword bursts. The red bars represent the starting and ending, and the duration of citation bursts.
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Figure 7 CiteSpace visualization timeline view of keywords clustering analysis. The different colored horizontal lines represent the clusters formed by the keywords, the nodes on the horizontal lines represent the keywords, and the position of the nodes represents the year in which the documents containing the keywords first appeared.
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Figure 8 Top 20 references with the strongest citation bursts. The red bars represent the starting and ending, and the duration of citation bursts.
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Figure 9 CiteSpace visualization cluster view of co-cited references. In this visual map, each node represents a co-cited reference, and the size of the nodes is proportional to the number of co-citations, and the lines between nodes represent co-citation relationships. The thickness and number of connections between nodes indicate the strength of the links between co-citations.

Table 1 Top 10 productive countries
	Rank
	Country
	Quantity
	Proportion (%)
	ACI
	H-index
	Centrality

	1
	Italy
	70
	22.15
	29.16
	25
	0.49

	2
	Japan
	68
	21.52
	14.65
	16
	0.03

	3
	United States
	59
	18.67
	26.32
	19
	0.80

	4
	Australia
	48
	15.19
	33.52
	22
	0.04

	5
	Germany
	18
	5.70
	18.5
	11
	0.06

	6
	Turkey
	16
	5.06
	6.44
	6
	0.00

	7
	Sweden
	10
	3.16
	57.3
	9
	0.01

	8
	China
	9
	2.85
	1.78
	2
	0.00

	9
	Netherlands
	8
	2.53
	50.63
	6
	0.00

	[bookmark: _Hlk120263473]10
	Finland
	7
	2.22
	11.57
	5
	0.29


ACI: Average citations per item.

Table 2 Top 10 productive institutions
	Rank
	Institution
	Country
	Quantity
	SOTC
	ACI
	H-index

	1
	Monash University
	Australia
	38
	1413
	37.18
	20

	2
	University of Pavia
	Italy
	19
	433
	22.79
	10

	3
	Kyoto of University
	Japan
	17
	593
	34.88
	12

	4
	Ankala University
	Turkey
	14
	95
	6.79
	6

	5
	Sapienza University Rome
	Italy
	14
	284
	20.29
	9

	6
	University of Melbourne
	Australia
	14
	367
	26.21
	11

	7
	Irccs Fondazione San Matteo
	Italy
	13
	375
	28.85
	7

	8
	University of Padua
	Italy
	12
	467
	38.92
	8

	9
	Azienda Ospedaliera Sant Andrea
	Italy
	11
	192
	17.45
	7

	10
	Kawasaki Medical School
	Japan
	11
	92
	8.36
	6


SOTC: Sum of times cited; ACI: Average citations per item.

Table 3 Top 10 authors
	Rank
	Author
	Country
	Institution
	Quantity
	ACI
	H-index

	1
	Toh BH
	Australia
	Monash University
	31
	41.35
	19

	2
	Vandriel IR
	Australia
	University of Melbourne
	25
	33.88
	17

	3
	Gleeson PA
	Australia
	University of Melbourne
	23
	41.96
	16

	4
	Alderuccio F
	Australia
	Monash University
	19
	33.89
	12

	5
	Miceli E
	Italy
	Irccss S Matteo Hosp Fdn
	14
	24.07
	8

	6
	Soykan I
	Turkey
	Ankara University
	14
	6.79
	6

	7
	Di Sabatino A
	Italy
	University of Pavia
	13
	11.62
	6

	8
	Haruma K
	Japan
	Kawasaki Medical School
	12
	7.83
	6

	9
	Lenti MV
	Italy
	University of Pavia
	12
	34.17
	10

	10
	Kalkan C
	Turkey
	City Hospital Ankara
	10
	6.1
	4


ACI: Average citations per item.

Table 4 Top 20 journals
	Rank
	Journal
	Quantity
	ACI
	IF (2022)
	JCR

	1
	Internal Medicine
	11
	6.73
	1.282
	Q4

	2
	Gastroenterology
	10
	39.6
	33.883
	Q1

	3
	Autoimmunity
	9
	21.33
	2.957
	Q4

	4
	Journal of Immunology
	9
	44.11
	5.426
	Q2

	5
	World Journal of Gastroenterology
	8
	29.25
	5.374
	Q2

	6
	Digestive and Liver Disease
	7
	11.29
	5.165
	Q2

	7
	Frontiers in Immunology
	7
	1.57
	8.786
	Q1

	8
	International Reviews of Immunology
	7
	17.43
	5.078
	Q2

	9
	Alimentary Pharmacology & Therapeutics
	6
	35.5
	9.524
	Q1

	10
	Clinical and Experimental Immunology
	6
	22.83
	5.732
	Q2

	11
	Digestion
	6
	17.33
	3.672
	Q3

	12
	Autoimmunity Reviews
	5
	58
	17.390
	Q1

	13
	Clinical Journal of Gastroenterology
	5
	2.8
	0
	Q3

	14
	Journal of Gastroenterology
	5
	6.6
	6.772
	Q2

	15
	Scandinavian Journal of Gastroenterology
	5
	18.4
	3.027
	Q4

	16
	American Journal of Physiology-Gastrointestinal and Liver Physiology
	4
	28.75
	4.871
	Q1/Q2

	17
	Archives of Pathology & Laboratory Medicine
	4
	14.25
	5.686
	Q1/Q2

	18
	BMC Gastroenterology
	4
	14.5
	2.847
	Q4

	19
	Digestive Diseases and Sciences
	4
	8
	3.487
	Q3

	20
	European Journal of Immunology
	4
	41.25
	6.688
	Q2


IF: Impact factor; JCR: Journal citation reports; ACI: Average citations per item.

Table 5 Top 20 Keywords
	Rank
	Keywords
	Count
	Centrality

	1
	autoimmune gastritis
	96
	0.25

	2
	pernicious anemia
	64
	0.12

	3
	atrophic gastritis
	46
	0.12

	4
	helicobacter pylori
	44
	0.14

	5
	classification
	40
	0.16

	6
	diagnosis
	29
	0.07

	7
	helicobacter pylori infection
	27
	0.18

	8
	disease
	26
	0.26

	9
	autoantibody
	21
	0.10

	10
	cancer
	21
	0.13

	11
	prevalence
	20
	0.04

	12
	parietal cell antibody
	20
	0.03

	13
	follow up
	16
	0.08

	14
	atrophic body gastritis
	15
	0.06

	15
	pathogenesis
	15
	0.03

	16
	management
	15
	0.03

	17
	risk
	12
	0.04

	18
	autoimmune atrophic gastritis
	11
	0.08

	19
	gastric cancer
	11
	0.07

	20
	body gastritis
	10
	0.08



Table 6 Top 20 cited references
	Rank
	Title
	Journal
	Author
	Year
	Citation

	1
	Classification and grading of gastritis - The updated Sydney System
	American Journal of Surgical Pathology
	Dixon M
	1996
	4036

	2
	Autoimmune disease as a consequence of developmental abnormality of a T cell subpopulation
	Journal of Experimental Medicine
	Asano M
	1996
	1067

	3
	Prevalence of undiagnosed pernicious anemia in the elderly
	Archives of Internal Medicine
	Carmel R
	1996
	798

	4
	Reappraisal of nature and significance of chronic atrophic gastritis
	American Journal of Digestive Diseases
	Strickland RG
	1973
	505

	5
	Mechanisms of disease: Pernicious anemia
	New England Journal of Medicine
	Toh BH
	1997
	381

	6
	Genetic susceptibility to post-thymectomy autoimmune-diseases in mice
	Immunogenetics
	Kojima A
	1981
	244

	7
	Autoimmune atrophic gastritis-pathogenesis, pathology and management
	Nature Reviews Gastroenterology & Hepatology
	Neumann WL
	2013
	198

	8
	Major parietal-cell antigen in autoimmune gastritis with pernicious-anemia is the acid-producing H+,K+-adenosine triphosphatase of the stomach
	Journal of Clinical Investigation
	Karlsson FA
	1988
	183

	9
	Molecular mimicry between Helicobacter pylori antigens and H+,K+-adenosine triphosphatase in human gastric autoimmunity
	Journal of Experimental Medicine
	Amedei A
	2003
	180

	10
	Variable hematologic presentation of autoimmune gastritis: age-related progression from iron deficiency to cobalamin depletion
	Blood
	Hershko C
	2006
	157

	11
	An autoimmune-disease with multiple molecular targets abrogated by the transgenic expression of a single autoantigen in the thymus
	Journal of Experimental Medicine
	Alderuccio F
	1993
	148

	12
	Autoimmune gastritis in type 1 diabetes: A clinically oriented review
	Journal of Clinical Endocrinology & Metabolism
	De Block C
	2008
	121

	13
	H+, K+-ATPase (proton pump) is the target autoantigen of Th1-type cytotoxic T cells in autoimmune gastritis
	Gastroenterology
	D'elios MM
	2001
	109

	14
	Systematic review: gastric cancer incidence in pernicious anaemia
	Alimentary Pharmacology & Therapeutics
	Vannella L
	2013
	109

	15
	Reassessment of Intrinsic Factor and Parietal Cell Autoantibodies in Atrophic Gastritis With Respect to Cobalamin Deficiency
	American Journal of Gastroenterology
	Lahner E
	2009
	95

	16
	The parietal-cell autoantibodies recognized in neonatal thymectomy-induced murine gastritis are the alpha-subunit and beta-subunit of the gastric proton pump
	Gastroenterology
	Jones CM
	1991
	92

	17
	Immunological and clinical-studies on murine experimental autoimmune gastritis induced by neonatal thymectomy
	Gastroenterology
	Fukuma K
	1988
	85

	18
	Diagnosis and classification of autoimmune gastritis
	Autoimmunity Reviews
	Toh BH
	2014
	83

	19
	Analysis of mononuclear cell infiltrate and cytokine production in murine autoimmune gastritis
	Gastroenterology
	Martinelli TM
	1996
	75

	20
	Common Features of Patients with Autoimmune Atrophic Gastritis
	Clinical Gastroenterology and Hepatology
	Miceli E
	2012
	73



Table 7 Top 10 co-cited references
	Rank
	Title
	Journal
	Author
	Year
	Citation

	1
	Classification and grading of gastritis - The updated Sydney System
	American Journal of Surgical Pathology
	Dixon MF
	1996
	78

	2
	Mechanisms of disease: Pernicious anemia
	New England Journal of Medicine
	Toh BH
	1997
	71

	3
	Reappraisal of Nature And Significance of Chronic Atrophic Gastritis
	American Journal of Digestive Diseases
	Strickland RG
	1973
	69

	4
	Autoimmune Atrophic Gastritis-Pathogenesis, Pathology and Management
	Nature Reviews Gastroenterology & Hepatology
	Neumann WL
	2013
	67

	5
	Analysis of Mononuclear Cell Infiltrate and Cytokine Production in Murine Autoimmune Gastritis
	Gastroenterology
	Martinelli TM
	1996
	46

	6
	An Autoimmune-Disease with Multiple Molecular Targets Abrogated by the Transgenic Expression of A Single Autoantigen In the Thymus
	Journal of Experimental Medicine
	Alderuccio F
	1993
	44

	7
	Autoimmune Gastritis in Type 1 Diabetes: A Clinically Oriented Review
	Journal of Clinical Endocrinology & Metabolism
	De Block CEM
	2008
	44

	8
	Major Parietal-Cell Antigen In Autoimmune Gastritis With Pernicious-Anemia is The Acid-Producing H+,K+-Adenosine Triphosphatase of The Stomach
	Journal of Clinical Investigation
	Karlsson Fa
	1988
	42

	9
	Variable Hematologic Presentation of Autoimmune Gastritis: Age-Related Progression From Iron Deficiency To Cobalamin Depletion
	Blood
	Hershko C
	2006
	41

	10
	Common Features of Patients With Autoimmune Atrophic Gastritis
	Clinical Gastroenterology and Hepatology
	Miceli E
	2012
	41

	11
	Immunologic and clinical studies on murine experimental autoimmune gastritis induced by neonatal thymectomy
	Gastroenterology
	Fukuma K
	1988
	40

	12
	Genetic susceptibility to post-thymectomy autoimmune diseases in mice
	Immunogenetics
	Kojima A
	1981
	40

	13
	H(+),K(+)-atpase (proton pump) is the target autoantigen of Th1-type cytotoxic T cells in autoimmune gastritis
	Gastroenterology
	D'Elios Mm
	2001
	37

	14
	Prevalence of undiagnosed pernicious anemia in the elderly
	Arch Intern Med
	Carmel R
	1996
	36

	15
	The parietal cell autoantigens recognized in neonatal thymectomy-induced murine gastritis are the alpha and beta subunits of the gastric proton pump [corrected]
	Gastroenterology
	Jones Cm
	1991
	36

	16
	Diagnosis and classification of autoimmune gastritis
	Autoimmun Rev
	Toh Bh
	2014
	36

	17
	Autoimmune disease as a consequence of developmental abnormality of a T cell subpopulation
	J Exp Med
	Asano M
	1996
	34

	18
	Reassessment of intrinsic factor and parietal cell autoantibodies in atrophic gastritis with respect to cobalamin deficiency
	Am J Gastroenterol
	Lahner E
	2009
	34

	19
	Molecular mimicry between Helicobacter pylori antigens and H+, K+ --adenosine triphosphatase in human gastric autoimmunity
	J Exp Med
	Amedei A
	2003
	33

	20
	Autoimmune gastritis: Pathologist's viewpoint
	World J Gastroentero
	Coati I
	2015
	33
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