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Background: Gastric ulcers are a form of peptic ulcers that present as ruptures 
of the mucosal lining of the stomach or the proximal intestinal lining extending 
beyond the muscularis mucosae, and Helicobacter pylori infection is one of 
the main causative factors of gastric ulcers. However, the growing incidence of 
Helicobacter pylori drug resistance and the emergence of specialised ulcers has 
necessitated continued research on gastric ulcers. This study surveyed global 
gastric ulcer research over the past two decades with the aim of identifying the 
major findings and emerging trends in the field.

Methods: Bibliometric analysis was performed using the search terms ‘Gastric 
ulcer’, ‘Gastric ulcer disease’, ‘Gastrohelcoma’, and ‘Stomach ulcers’. Data were 
extracted from the Web of Science Core Database (WoSCC) and visualised using 
CiteSpace software.

Results: The Journal of Gastroenterology had the most cited papers. The 
largest number of papers was from the United States. The most frequently cited 
keywords were ‘Helicobacter pylori’, ‘peptic ulcer’, and ‘gastric ulcer’.

Conclusion: The field of gastric ulcer research is rapidly expanding, and the 
existing research is focused on preventing the occurrence of gastric ulcers, 
exploring the pathogenesis of gastric ulcers, and identifying new methods of 
treating gastric ulcers.
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1 Introduction

Gastric ulcers are a form of peptic ulcers that present as ruptures of the mucosal lining of 
the stomach or the proximal intestinal lining extending beyond the muscularis mucosae (1). 
They are primarily characterised by periodic epigastric pain, which is usually relieved by eating 
or ingesting alkaline substances (2). Helicobacter pylori was identified as one of the main causes 
of peptic ulcers in 1983, necessitating the use of antibiotics to treat gastric ulcers. However, 
due to the excessive use of antibiotics, which has led to an increase in drug resistance in 
patients, the treatment of gastric ulcers and the direction of research have continued to change 
in recent years (3). Hooi et al. analysed research articles published over a 45-year period on 
the prevalence of Helicobacter pylori infection and deduced that more than half of the world’s 
population is infected with Helicobacter pylori (4). To facilitate clinical management and to 
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speculate on future research trends, this study aimed to summarise 
and use bibliometrics to analyse research hotspots and trends in 
gastric ulcers.

2 Materials and methods

2.1 Data sources

The data were retrieved online through the Science Citation 
Index-Expanded version of the Web of Science Core Collection 
(WoSCC). All data were obtained on 27 January 2024 and spanned the 
period from 2004 to 2024.

2.2 Inclusion criteria

The following terms were searched in the topic: ‘Gastric 
Ulcers’ or ‘Gastrohelcosis’ or ‘Gastrohelcoma’ or ‘Stomach Ulcers’; 
the language choice was English; and only original articles and 
reviews were included. Two independent investigators reviewed 
the titles and abstracts, and studies unrelated to gastric ulcers 
were excluded. After reviewing titles and abstracts, 13,372 
publications were retained. The detailed retrieval process is shown 
in Figure 1.

2.3 Analysis tool

Bibliometrics is a method used to assess research in a target area 
through an objective and reliable structured analysis of large amounts 
of information (5, 6). CiteSpace is a scientific software that is usually 
used to summarise existing results in a target area and to identify 
future research directions by analysing research trends in the literature 

(7). CiteSpace combines bibliometrics and data mining algorithms 
with visual analytics to analyse and present potential knowledge and 
research hotspots in the form of images (8). It provides information 
about authors, countries/regions, institutions, keywords, journals, etc., 
and performs co-occurrence, co-citation, and cluster analyses on 
related information in image form to visualise research trends and 
patterns and to mine the correlations between the information in each 
part of the literature (9). It can either comprehensively reflect the 
research status of a discipline or explore a discipline from different 
directions, helping researchers quickly and accurately understand the 
research hotspots and research trends in the field and so on. 
VOSviewer is an application used to build and view bibliometric maps 
(10). It analyses and summarises data and information to present an 
overview of the research in the field in the form of graphs, thereby 
objectively presenting the current status of research in a certain field. 
Therefore, with the help of CiteSpace and VOSviewer visualisation and 
analysis software, this study collected, analysed, and processed 
literature information in related fields, drew images and tables related 
to this topic, and sorted the current status of research on gastric ulcers 
and hotspot issues, which can be used as a reference for treatment and 
future research.

Based on the adopted data and statistical purposes, 
corresponding visualisation graphs can be generated in CiteSpace, 
where different nodes and links exist in different graphs, and nodes 
with high centrality are indicated as research hotspots or turning 
points in the field (11). We conducted a relevant literature search of 
the WoSCC and exported the retrieved data in a plain text format; 
the export included complete records and references. The exported 
file was named download_XXX.txt and was imported into CiteSpace 
6.2. R7 for bibliometric and visualisation analyses. Cluster analysis 
of co-occurring keywords was performed using CiteSpace to reveal 
major themes. The contour function (Sihouette, S) is commonly used 
to assess clustering, which is generally considered reasonable if 
S > 0.5, and S > 0.7 indicates a high degree of homogeneity among 

FIGURE 1

Procedures of bibliometric analysis.

https://doi.org/10.3389/fmed.2025.1530835
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Liu et al. 10.3389/fmed.2025.1530835

Frontiers in Medicine 03 frontiersin.org

cluster members, suggesting that the clustering results 
are meaningful.

In this study, the data were time-sliced in years, the node filter was 
g-indexed, and the k value was set to five.

3 Results

3.1 Visual mapping of publications by year

After screening, we downloaded 13,372 publications from the 
WoSCC database. Figure 2 shows a bar dash plot of the number of 
publications and citation frequency for the topic of gastric ulcers from 
2004 to 2024.

3.2 Visual mapping of national and 
institutional publications

Figure  3 shows the visualisation and analysis of the country 
collaboration network, which generated 112 nodes and 145 links, 
respectively. According to the statistics, the eight countries with the 
highest number of publications published a total of 9,208 articles 
(68.9%). When analysing country centrality, Russia was found to have 
the highest mediator centrality (0.89; Table 1).

The analysis of institutions and agencies generated 235 nodes and 
259 links (Figure 4), and the top 10 institutions and agencies published 
1,524 articles (11.4%), with the top five being the Egyptian Knowledge 
Bank, University of California, US Department of Veterans Affairs, 
Veterans Health Administration, and Baylor College of Medicine 
(Table 2).

3.3 Visual mapping of journal citations

Figure  5 shows a bi-mapped overlay mapping of journals, 
representing the distributional relationship between citing and cited 
journals as well as the development of relationships between different 

disciplines (12). The citing journals are located on the left side; the 
cited journals are located on the right side; the coloured paths indicate 
the correlation between citations; and the coloured nodes represent 
the clustering of different disciplines.

3.4 Visual mapping of author posting 
volume

Figure 6 illustrates the author network generated by CiteSpace, 
where the connecting lines between nodes signify the collaborative 
relationships among authors. The thicknesses of these lines denote 
the frequency of collaboration, with thicker lines indicating greater 
cooperation. Complementing this visual representation, Table 3 
lists the top ten authors with the highest number of publications, 
who collectively contributed 442 papers (3.3% of the 
total publications).

3.5 Visual mapping of co-cited references

Table 4 shows the top 10 studies related to gastric ulcers, which 
were cited 1,339 times. The rise, growth, and decline of a research field 
can be observed by clustering co-cited literature, with more documents 
in a cluster indicating greater importance of the clustered field. 
Figure 7 shows the sequence plot of the top 10 co-cited documents 
plotted as nodes for each time slice.

3.6 Visual mapping of keyword frequencies

Keyword frequency reflects research hotspots in a field, and high-
centrality keywords represent milestones for advancing research in the 
field. Table 5 lists the top 10 high-frequency and high-centrality keywords.

This field of research focuses on high-frequency keywords. High-
centrality keywords reflect the status and influence of the 
corresponding content in the research field whereas co-occurring 
keywords extracted from the selected literature can reflect research 

FIGURE 2

Trends in the number of publications and cited from 2004 to 2024.
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hotspots and development trends in a certain field. Figure 8A shows 
the 242 symbiotic keywords extracted from the 13,372 manuscripts 
included in this study

Figure 8B shows a timeline plot of keyword clustering, where the 
13 cluster names labelled # represent basic knowledge in the field of 
gastric ulcer research and its evolution over time, and the connecting 
lines in the figure indicate that two keywords occurred simultaneously 
in the same article. The mean contour value (Sihouette, S) is typically 
used to evaluate the clustering. In general, clusters are considered 
reasonable if S > 0.5, while an S value of 0.7 implies that the clusters 
are highly plausible. We obtained 13 clusters with cluster contour 
values greater than 0.7, indicating that the results are highly plausible.

3.7 Visual mapping of keyword occurrence

Explosive keywords reflect the research frontiers in different 
periods. Figure 9 shows the 15 keywords with the highest explosion rates 
between 2004 and 2024. The red line indicates the time period when the 
keywords exploded, and the blue line indicates the time interval (13).

4 Discussion

The analysis of the papers showed a dynamic and balanced trend 
of gastric-ulcer-related papers from 2004 to 2020, with an average of 

FIGURE 3

Analysis of country cooperation.

TABLE 1 Analysis of the number of articles sent by country.

Rank Publication Country Rank Centrality Country

1 1,882 USA 1 0.89 Russia

2 1,762 China 2 0.84 Colombia

3 1,595 Japan 3 0.66 Chile

4 771 India 4 0.53 Hungary

5 747 South Korea 5 0.4 Ireland

6 662 Brazil 6 0.37 Cameroon

7 496 Italy 7 0.37 Bhutan

8 493 Germany 8 0.36 Czech Republic
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585.88 papers per year. The number of citations for gastric-ulcer-
related articles showed a slowly decreasing trend, indicating that many 
articles have not yet been cited. The combination of these two findings 
indicates continuing interest in the field of gastric ulcer research and 
that a large number of articles have research potential.

An analysis of the countries and institutions showed that the 
top 10 countries engaged in gastric ulcer and related research yielded 
9,208 articles, accounting for 68.9% of the total number of articles, 
with the United  States, China, Japan, India, and South Korea 
contributing 1,820, 1,762, 1,595, 771, and 747 articles, respectively. 
While these findings indicated that these countries are at the forefront 
in this field, when analyses based on country centrality were carried 
out, Russia exhibited the highest intermediate centrality (0.89), trailed 
by Colombia (0.84), Chile (0.66), Hungary (0.53), and Ireland (0.40). 

These countries with high centrality possess significant bridging 
potential in the field of gastric ulcer research, indicating that 
international collaborative research programmes should be actively 
pursued with them for the complex ulcer pathogenesis. Analysis of the 
national cooperation network showed active cooperation among 
Asian countries and strong partnerships between the United States 
and European countries. Among the five countries with the highest 
intermediary centrality, Russia, Colombia, Chile, and Hungary had 
collaborative relationships, whereas India showed a collaborative 
relationship with Ireland. In terms of institutions and agencies, the 
top 10 institutions and agencies published a total of 1,524 articles 
(11.4%), with the top five being Egyptian Knowledge Bank (332), 
University of California (201), US Department of Veterans Affairs 
(201), Veterans Health Administration (201), and Baylor College of 
Medicine (148). Two of the five institutions listed above are veteran-
related, indicating that research on gastric ulcers could be actively 
carried out in collaboration with these or other veteran-related 
institutions. The Egyptian Knowledge Bank showed frequent 
collaborations with other institutions, such as the University of 
California, the US Department of Veterans Affairs, and the Veterans 
Health Administration. Research institutions with a high number of 
publications utilise a dense network of collaborations and often 
collaborate with other institutions. By summarising the national and 
institutional collaborative networks, we  could see that the 
United States has an important position in the field of gastric ulcer 
research. Most countries were more independent and less collaborative 
with each other, and a mismatch was observed between countries with 
a high frequency of gastric ulcer research and countries with a central 
role in the field of gastric ulcer research, highlighting the potential for 
collaborative research between these countries in the future. The 
number of publications related to gastric ulcer research fluctuated 

FIGURE 4

Analysis of institution cooperation.

TABLE 2 Analysis of the volume of publications by institutions and 
agencies.

Count Centrality Institution

322 0.24 Egyptian Knowledge Bank (EKB)

201 0.29 University of California System

201 0.24 US Department of Veterans Affairs

201 0.15 Veterans Health Administration (VHA)

148 0.31 Baylor College of Medicine

104 0.07 Universidade de São Paulo

95 0.03 Universidade Estadual Paulista

94 0.23 Seoul National University (SNU)

80 0.04 Universiti Malaya

78 0.09 Oita University
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annually. However, overall, this topic has remained a popular area of 
research, and the number of publications maintained a 
dynamic balance.

In the citation relationships between journals, the citing journals 
represent the frontiers of knowledge in the field of research, and the 
cited journals represent the knowledge base of the field of research. 

FIGURE 5

Dual-map overlay of journals.

FIGURE 6

Analysis of author cooperation.
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We  identified four main citation paths by analysing the journal 
citations—the “Molecular, Biological, Genetics” domain and the 
“Health, Nursing, Medicine” domain were merged into the “Molecular, 
Biological, Immunology” domain and the “Medical, Medical, Clinical” 
domain. The evolving focus in gastric ulcer research reflects shifting 
scientific perspectives. While molecular and biological dimensions 
remain under investigation, current studies emphasise immunological 
connections and clinical implications more strongly than earlier works.

An analysis of the authors shows that the author with the highest 
number of publications was Yamaoka, Yoshio (81 articles), followed 
by Graham, David Y (48 articles), Boeing, Thaise (46 articles), da silva, 
Luisa Mota (45 articles) and Abdulla, Mahmood Ameen (43 articles). 
Highly productive authors typically have stable collaborative 
relationships with other authors. Based on Price’s Law, the core 
author’s formula is as follows:

 M 0.749 Nmax≈ √

Equation 1, Price’s Law.
Where M is equal to the threshold for the number of papers 

published by the core authors, while Nmax denotes the number of 
papers published by the author with the highest number of published 
papers during the analysis period. Authors who publish more than M 
papers are considered to be core authors, and when the total number 
of published papers by the core authors reaches 50% of the total 
number of issued papers, it indicates the formation of a core group of 
authors (14). Yamaoka and Yoshio were the most published authors in 
the network; hence, the Nmax was 81. Thus, M was equivalent to 
≈6.741, implying that authors publishing more than six papers were 
core authors. In this study, 55,156 authors were selected, of which 919 
authors had more than six papers, and the number of papers published 
by these core authors accounted for 11.5% of the total number of 
papers, indicating that a core group of authors has not yet been formed 
in the field of gastric ulcers and related research. Furthermore, when 
analysing coauthors and co-citations, we found that references with a 
high frequency of co-citations were not from prolific authors, 
indicating the need for greater collaboration among authors to 
promote progress in related fields and improve the quality of 
the studies.

Analysis of the co-cited literature revealed that the most co-cited 
reference was a study by Malfertheiner et al., which explored three 

topics related to Helicobacter pylori infection: indications and 
contraindications for diagnosis and treatment, diagnostic tests and 
treatment of infection, and prevention of gastric cancer and other 
complications (15). The second-most co-cited reference was an 
updated guideline for Helicobacter pylori infection and its related 
clinical manifestations and management by Malfertheiner et al., which 
built on previous research and provided ideas for new clinical research 
in this area (16). An analysis of the global prevalence of Helicobacter 
pylori associated with Helicobacter pylori published by Hooi et al. was 
the third most co-cited article. By analysing 184 studies from 62 
countries, the authors of that study inferred that the prevalence of 
Helicobacter pylori infection varied widely across various regions of 
the world and hypothesised that more than half of the global 
population is infected with Helicobacter pylori (4). By analysing the 
clustering of co-cited literature, we found that the research article on 
#pathogenicity island published by El-Omar was widely cited since 
2000, with a total of 55 citations (17). Next, #Japanese patient appeared 
in a large number of cited articles, among which the studies by 
Uemura, Malfertheiner, and Suerbaum published in NEW ENGL J 
MED, ALIMENT PHARM THER and NEW ENGL J MED were the 
most highly cited articles (18–20). #Helicobacter pylori was heavily 
cited in articles from 2004 to 2009, and related articles such as #new 
perspective and #epiya motifs have been important research topics in 
the field of gastric ulcers since 2009. Studies on oxidative stress and its 
trajectories since 2013 have provided important research information 
and assistance to the field.

Keywords represent a high-level summary of the research topic of 
an article and can be used to quickly understand the main research 
content of an article. The analysis of keywords can be used to identify 
important issues in the research field and to predict future research 
trends. The node size of the keyword co-occurrence graph represents 
keyword frequency. According to the statistics provided by the 
CiteSpace software (Figure 8A), ‘Helicobacter pylori’ was the largest 
node in the keyword network, which indicates that most of the 
research conducted in the field of gastric ulcers is related to 
Helicobacter pylori. The next-highest ranked frequencies were ‘Peptic 
ulcer’, ‘Gastric ulcer’, and ‘Infection’, indicating that these items have 
the next-highest research statuses in gastric ulcer-related research. In 
the keyword network, the purple part of the node indicates that the 
target mediates centrality. Nodes with high mediocentricity are usually 
considered hotspots or turning points in research content (21). ‘Vaca’ 
had the highest mediated centrality in the whole keyword network, 
followed by ‘Antioxidant’, ‘Population’, ‘3’ region’ and ‘Gastric epithelial 
cells’, suggesting that these themes play crucial roles in connecting and 
transmitting the entire network of relationships.

4.1 Research hotspots for gastric ulcers

Clustering of keywords can be used to summarise a topic, and the 
analysis of keyword clustering can be used to identify hot topics in a 
research field. We summarised the 15 clusters generated and found 
that the hot topics of research in the field of gastric ulcers included the 
following three aspects: predisposing factors, pathogenesis, and 
diagnostic and therapeutic options for gastric ulcers.

The pathogenesis of gastric ulcers is complex, and many risk factors 
can lead to the development of this disease. Helicobacter pylori, ethanol, 
bariatric surgery, and non-steroidal anti-inflammatory drugs (NSAIDs) 

TABLE 3 Analysis of the number of publications by authors.

Rank Count Author

1 81 Yamaoka, Yoshio

2 48 Graham, David Y

3 46 Boeing, Thaise

4 45 da silva, Luisa Mota

5 43 Abdulla, Mahmood Ameen

6 41 Vilegas, Wagner

7 37 Brzozowski, T

8 34 Sugimoto, Mitsushige

8 34 de andrade, Sergio Faloni

9 33 Takeuchi, Koji

10 31 Arisawa, Tomiyasu

https://doi.org/10.3389/fmed.2025.1530835
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Liu et al. 10.3389/fmed.2025.1530835

Frontiers in Medicine 08 frontiersin.org

in the keyword clustering were common factors that contributed to 
gastric ulcers, and significant temporal and geographic differences were 
observed in these factors. The prevalence of many gastrointestinal 
disorders does not remain constant but increases and decreases (22). A 
European study found an underlying birth cohort trend in gastric 
ulcers, and this emergence is likely shaped by an underlying trend in 
Helicobacter pylori infection (23). However, the incidence, 
hospitalisation, and mortality rates of gastric ulcer-related diseases have 
decreased worldwide over the past few decades (22, 24, 25).

Although the clinical manifestations of most gastric ulcers are 
similar, their pathogenesis appears to be  dramatically different 

owing to different pathogenic factors. For example, inflammation 
associated with Helicobacter pylori infection can present with two 
different manifestations, either too little or too much gastric acid 
secretion, culminating in different types of ulcers (26). These 
effects can be  mediated by cytokines that inhibit mural cell 
secretion, or by the activation of calcitonin gene-related peptide 
(CGRP) sensory neurones coupled with growth inhibitory 
hormone stimulation and inhibition of histamine secretion to 
acutely inhibit gastric secretion and form gastric ulcers (22, 27). 
Another important factor contributing to ulcer development is 
that, unlike Helicobacter pylori, which colonises the stomach, 

TABLE 4 Analysis of the number of literature co-citations.

Panking Title Author Citations

1 Management of Helicobacter pylori infection-the Maastricht IV/ Florence Consensus Report Malfertheiner, P 192

2 Management of Helicobacter pylori infection-the Maastricht V/Florence Consensus Report Malfertheiner, P 182

3 Global Prevalence of Helicobacter pylori Infection: Systematic Review and Meta-Analysis Hooi, James K. Y. 178

4 Helicobacter pylori infection and the development of gastric cancer. Uemura, N 135

5 Current concepts in the management of Helicobacter pylori infection:: the maastricht III consensus report Malfertheiner, P 130

6 Peptic ulcer disease Lanas, A 120

7
Current concepts in the management of Helicobacter pylori infection -: The Maastricht 2–2000 Consensus 

Report
Malfertheiner, P 106

8 Medical progress:: Helicobacter pylori infection Suerbaum, S 105

9 ACG Clinical Guideline: Treatment of Helicobacter pylori Infection Chey, WD 96

10
Prevalence of Antibiotic Resistance in Helicobacter pylori: A Systematic Review and Meta-analysis in World 

Health Organisation Regions
Savoldi, A 95

FIGURE 7

Cluster analysis of co-cited articles.
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NSAIDs can damage the gastroduodenal mucosa via a holistic 
mechanism. Inhibition of cyclooxygenase 1 (COX-1), a 
prostaglandin-derived enzyme, is thought to be  the main 
mechanism by which NSAIDs damage the mucosa (28). 
Nevertheless, while Helicobacter pylori infection, NSAID use, or 
post-bariatric surgery complications and stress are distinct risk 
factors that contribute to gastric ulcers through different 
mechanisms, their effects ultimately manifest as damage to the 
gastric epithelium (29–32). Therefore, the study of injury 
mechanisms, including gastric epithelial cell injury, has become a 
focus in gastric ulcer research.

Since the pathogenesis of gastric ulcers is determined by the 
pathogenic factors, the therapeutic strategies are dependent on the 
pathogenesis. For example, antibiotic treatment is the first choice for 
gastric ulcers caused by Helicobacter pylori infection. In contrast, 
NSAID-mediated gastric mucosal injury is often treated with drugs 
that inhibit gastric acid secretion and neutralise luminal acidity, 
effectively preventing gastric ulcers (33, 34). However, several issues 
have emerged over time. Declining eradication rates of Helicobacter 
pylori, increasing rates of multidrug resistance in children, adverse 
reactions associated with the extensive use of proton pump inhibitors 
(PPIs), a gradual increase in the number of idiopathic ulcers, and a 
number of other factors have prompted an urgent search for new 
therapeutic approaches (35–37).

4.2 Trends in gastric ulcer research

Breaking keywords represent the research frontiers of a discipline 
over time, and an analysis of these keywords can yield predictions and 
indicate future research trends for the corresponding discipline. 
We found a clear temporal trend in the research on gastric ulcers. In 
the early stage of research, the diagnosis and classification of gastric 
ulcers were studied, such as ‘Peptic ulcer’, ‘Duodenal ulcer’, ‘Increased 
rise’ and so on. Later, researchers conducted cellular-level studies, 
shifting their focus to pathogenic factors and cellular damage, such as 
‘Helicobacter pylori’ and ‘gastric epithelial cells’. More recently, 
researchers have focused on studying pathogenic factors and cellular 
damage through studies related to pathogenesis, therapeutic means 
and sequelae of treatment, such as ‘Antioxidant’, ‘Marginal ulcer’, ‘Gut 
microbiota’, and ‘Antibiotic resistance’.

4.2.1 Antioxidants
Reactive oxygen species (ROS) are the products of normal 

cellular metabolism, and the gastrointestinal tract is a major source 
of ROS. Low and moderate amounts of ROS can kill pathogens and 
promote wound healing and tissue repair; however, when 
stimulated by external sources, such as smoking, alcohol, and long-
term treatment with NSAIDs, excess ROS can lead to oxidative 
tissue damage and disruption of normal cellular homeostasis (38). 
When specific substances or pathogens are ingested, the body will 
activate epithelial cells, polymorphonuclear neutrophils (PMN), 
and macrophages to produce inflammatory cytokines and other 
mediators leading to oxidative stress, and oxidative stress can lead 
to a variety of gastrointestinal disorders, including gastric and 
duodenal ulcers (39). Tumour necrosis factor-α (TNF-α) is an 
important regulator of a complex signalling network, where 
mitochondrial or non-mitochondrial production of ROS and 
TNF-α interact with each other in a positive feedback loop (40, 
41), potentially causing apoptosis, destruction of the 
gastrointestinal barrier, and the eventual formation of ulcers (42–
44). Antioxidants are molecules that inhibit or delay cellular 
damage by oxidising themselves and removing free radicals from 
tissues (38, 45). Therefore, the proper use of antioxidants is one of 
the most important strategies to treat gastric ulcers. Antioxidants 
can be broadly categorised into two groups: antioxidant enzymes 
and low-molecular-weight antioxidants. Antioxidant enzymes 
such as superoxide dismutase (SOD), catalase (CAT), and 
glutathione peroxidase (GPx) play crucial roles in converting 
metabolites into less harmful substances, such as hydrogen 
peroxide and water. In contrast, low-molecular-weight antioxidants 
function primarily by terminating the chain reactions initiated by 
free radicals. Key examples of these compounds include vitamins 
C and E, carotenoids, and flavonoids (46). Dietary intake is a 
crucial source of antioxidants for the human body. A Korean study 
reported that a phytochemical-rich diet reduced the risk of gastric 
ulcers (47). In addition, ongoing molecular and botanical research 
is expanding the variety of available antioxidants. For instance, 
Xie, Y.J. et al. demonstrated that Dioscoreae Rhizoma significantly 
increased the levels of antioxidant enzymes such as GPx, CAT, and 
SOD, while concurrently reducing malondialdehyde (MDA) levels 
and inhibiting nuclear factor (NF)-κB phosphorylation in ethanol-
induced gastric ulcers (48). Similarly, Bhattacharya et al. found 

TABLE 5 Analysis of keywords centrality.

Rank Count Keyword Rank Centriality Keyword

1 3,227 helicobacter pylori 1 1.13 vaca

2 1,765 peptic ulcer 2 1.11 antioxidant

3 1,465 gastric ulcer 3 1.08 population

4 1,358 infection 4 1.02 3′ region

5 1,200 ulcer 5 1 gastric epithelial cells

6 1,166 risk 6 0.99 pathogenicity island

7 1,161 gastric cancer 7 0.97 inflammation

8 914 duodenal ulcer 8 0.97 vacuolating cytotoxin

9 821 expression 9 0.96 nf kappa b

10 765 rat 10 0.96 increased risk
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that Piper betel exhibits a comparable antioxidant mechanism (49). 
Additionally, Akram et al. discovered that α-bisabolol, found in 
chamomile, significantly inhibits ROS and stimulates the 
antioxidant system. Medicinal plants, such as Glycyrrhiza, exhibit 

comparable effects (50, 51). Notably, depending on the dose used, 
antioxidants such as resveratrol, β-carotene, and lycopene can have 
diametrically opposite antioxidant and pro-oxidant properties 
(52–54).

FIGURE 8

(A) Analysis of keywords frequency. (B) Analysis of keyword clustering timeline.
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4.2.2 Marginal ulcers
According to the World Health Organisation, non-communicable 

diseases (NCDs) account for >70% of premature deaths worldwide, 
and obesity is a major factor in the development of NCDs (55). Obesity 
directly contributes to the development of cardiovascular risk factors, 
including dyslipidaemia, type 2 diabetes, hypertension, and sleep 
disorders (56). Bariatric treatments usually include surgical and 
nonsurgical treatments; however, a large body of evidence suggests that 
surgical treatments have better weight loss outcomes and long-term 
efficacy (57). A meta-analysis of bariatric surgeries found that surgically 
treated obese patients had a lower all-cause mortality rate than 
non-surgically treated patients (58). Currently, approximately 49% of 
bariatric surgeries involve laparoscopic Roux-and-gastric bypass 
(LRYGB). The procedure is relatively safe and effective; however, some 
long-term complications may occur years after the surgery. One of 
these complications manifests as ulcers at the gastrojejunal anastomosis 
site, also known as marginal ulcers (59). Most patients with marginal 
ulcers present with manifestations similar to those of gastric ulcers, 
such as chronic abdominal pain, heartburn, reflux, and nausea. 
However, some patients do not show any symptoms despite the 
detection of marginal ulcers on examination, and the absence of 
warning signs before haemorrhage or perforation can endanger the 
patients’ lives (60, 61). According to statistics, the incidence of marginal 
ulcers after gastric bypass is approximately 25%, and the multifactorial 
nature of the development of marginal ulcers is still not fully 
understood. Azizullah Beran et al. found that Helicobacter pylori was 
the first factor that led to the development of marginal ulcers and that 
the mechanism may be  the inflammatory response caused by the 
bacteria leading to gastritis and the eventual development of marginal 
ulcers (62). Eventually develop into a marginal ulcer. In addition, 
diabetes can lead to an increased risk of marginal ulcers through 
mechanisms such as small vessel ischaemia and delayed wound healing 

(63). However, previous studies have presented some dissenting voices 
regarding the use of PPIs. Azizullah Beran et al. concluded that the use 
of PPIs can help to reduce the risk of marginal ulcers, but another study 
concluded that PPI therapy is not effective in preventing marginal 
ulcers or their complications (62, 64). Currently, clear criteria for the 
use of PPIs in marginal ulcers are lacking, and the optimal duration of 
PPI-based interventions to prevent marginal ulcers is not yet uniform. 
Future research on marginal ulcers should focus on exploring the 
pathogenesis and development of medication criteria.

4.2.3 Gut microbiota
The human stomach contains a variety of microorganisms that 

maintain a delicate balance in the ecological stability of the stomach. 
However, long-term colonisation by Helicobacter pylori triggers an 
inflammatory response. The altered intragastric environment leads to 
the disruption of the original balance among microorganisms, thus 
causing ecological dysregulation of the stomach (65–67). The human 
gut microbiome is primarily comprised of Firmicutes, Bacteroidetes, 
Actinobacteria, Proteobacteria, and Verrucomicrobia (68). Colonisation 
by Helicobacter pylori can cause alterations in the gastric 
microenvironment and disturbances in the gastric microbiota, but its 
impact on microbial diversity has not yet been unanimously 
determined. Some researchers have observed that the microbial 
diversity in the gastrointestinal tract is lower in patients infected with 
Helicobacter pylori than in the uninfected population (69), whereas 
others have found that the microbial diversity is higher in patients 
infected with Helicobacter pylori (70), which may be related to the 
computational techniques and methods used in the statistics (71). The 
human gastrointestinal tract is characterised by the presence of a large 
number of commensal microorganisms involved in the immune 
activities and metabolic homeostasis of the host, and the efficiency of 
these efforts is closely related to the species and number of commensal 

FIGURE 9

Analysis of keyword with the strongest citation bursts.
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microorganisms (72). When the intestinal mucosa recognises a specific 
microbial receptor, it sends a signal to the immune system. This signal 
can trigger a protective response in commensal bacteria that manifests 
as either inflammation or apoptosis. These responses are crucial for the 
development and regulation of immune homeostasis (68). Disruption 
of the gastric mucosal barrier is one of the causes of gastric ulcers, and 
the gastric mucosal layer plays a protective role in the gastric mucosa 
(73). One study showed that reduction of the mucus layer increases the 
potential for bacterial translocation and influx of Th17 cells, and that 
some probiotics can protect the integrity of the gastric mucosal barrier 
by upregulating prostaglandins and tight junction protein expression, 
promoting cell proliferation and mucus secretion, and inhibiting 
apoptosis (74, 75). In addition, colonisation of the gastric mucosa by 
Helicobacter pylori induces a pro-inflammatory response in gastric 
epithelial cells. Some probiotics can ameliorate this inflammatory 
response by modulating signalling pathways and cytokines (76, 77). 
Therefore, appropriate probiotic supplementation can facilitate the 
treatment of Helicobacter pylori infection and provide protection after 
Helicobacter pylori eradication, which has important research 
implications for the treatment of gastric ulcers.

4.2.4 Antibiotic resistance
As mentioned earlier, Helicobacter pylori infection is the main 

cause of gastric ulcers. Therefore, the use of antibiotics is an important 
part of the treatment of gastric ulcers. Standard triple therapy to 
eradicate Helicobacter pylori showed good efficacy in the last century 
(78–80). However, the Helicobacter pylori eradication rate has steadily 
declined in recent years, which is strongly related to the increased 
resistance of Helicobacter pylori to one or more antibiotics (81). 
Metronidazole and clarithromycin are two antibiotics with key roles 
in triple therapy, but the emergence of resistance to both antibiotics 
has been increasing annually worldwide. Therefore, bismuth 
quadruple therapy and non-bismuth quadruple therapy may be used 
as alternative therapies for Helicobacter pylori eradication in areas with 
high rates of antibiotic resistance, as well as when the first use of 
standard triple therapy fails. However, even with multiple Helicobacter 
pylori eradication regimens, increased antibiotic resistance remains a 
major cause of eradication failure, owing to increased antimicrobial 
drug resistance and epidemiologic changes (82). Therefore, therapeutic 
options that avoid the use of antibiotics, such as acupuncture, 
probiotics, and herbal therapies, are being actively sought for the 
treatment of gastric ulcers (83). A recent study on acupuncture 
therapy found that it significantly reduced gastroduodenal injury, 
decreased the microbial abundance of the thick-walled phylum, and 
increased the abundance of the anaplasmosis phylum in the stomachs 
of mice (84). An increase in Helicobacter pylori-infected mice with 
thick-walled bacteria and a decrease in Mycobacterium avium in the 
stomach can cause further damage to the gastric mucosa (85). As an 
ancient therapeutic tool, herbal therapy has been valued and 
recognised in the context of the various adverse reactions of 
conventional medications used in the treatment of gastric ulcers (86). 
Some studies have suggested that combining herbal and antibiotic 
therapies may improve Helicobacter pylori eradication rates (87). 
However, owing to the emergence of drug-resistant bacterial strains 
and the uncertainty of herbal components, herbal therapies should 
be further researched and screened to ensure the effectiveness and 
side-effect-free nature of the plants used in the treatment of gastric 
ulcers or other diseases. In addition, the use of antimicrobial peptides 

and modulation of oxygen concentration in the gastric environment 
can eliminate Helicobacter pylori without antioxidants (88, 89). These 
approaches offer valuable research avenues for non-antibiotic 
treatment of Helicobacter pylori.

5 Conclusion

This study aimed to provide insights and guidance for advancing 
gastric ulcer research. Through analysis of two decades’ literature in 
this field, we examined the progression of gastric ulcer studies and 
projected research trajectories based on analytical evidence. Keyword 
clustering identified three research hotspots: ulcer prevention 
strategies, pathogenesis investigation, and novel therapeutic 
development. Breaking keywords analysis revealed four emerging 
focal points: antioxidant applications, marginal ulcer dynamics, gut 
microbiota interactions, and antibiotic resistance mechanisms. The 
systematic integration of these emerging focal points with the current 
research hotspots is expected to drive comprehensive exploration of 
critical issues while revealing new investigative pathways.

5.1 Strengths and limitations

In this study, we  utilised CiteSpace software to analyse and 
visualise gastric ulcer data from 2004 to 2024, summarising key issues 
and trends in gastric ulcer research. However, the inherent limitations 
of this study require consideration. First, our analysis was limited to 
data sourced exclusively from the Web of Science Core Collection 
(WoSCC), potentially leading to the exclusion of relevant literature 
from other databases. Second, this study was restricted to English-
language sources, which may have resulted in the omission of 
significant findings and perspectives from non-English-speaking 
countries. Future studies should aim to address these limitations by 
incorporating a broader range of databases and including literature in 
multiple languages.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Author contributions

ZL: Writing – original draft, Writing – review & editing. YiL: 
Writing – original draft. YaL: Data curation, Writing – original draft. 
YS: Writing – original draft. XS: Data curation, Writing – original 
draft. LC: Formal analysis, Writing  – original draft. DZ: Funding 
acquisition, Writing – review & editing, Writing – original draft.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 

https://doi.org/10.3389/fmed.2025.1530835
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org


Liu et al. 10.3389/fmed.2025.1530835

Frontiers in Medicine 13 frontiersin.org

supported by Jilin Provincial Department of Science and Technology 
(grant number 20210504011GH).

Acknowledgments

We would like to thank the funders and the research team.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Generative AI was used in the creation 
of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Malfertheiner P, Chan FK, Kel MC. Peptic ulcer disease. Lancet. (2009) 

374:1449–61. doi: 10.1016/S0140-6736(09)60938-7

 2. Graham DY. History of Helicobacter pylori, duodenal ulcer, gastric ulcer and gastric 
cancer. World J Gastroenterol. (2014) 20:5191–204. doi: 10.3748/wjg.v20.i18.5191

 3. Marshall B, Warren JR. Unidentified curved BACILLI in the stomach of patients 
with gastritis and peptic ulceration. Lancet. (1984) 323:1311–5. doi: 
10.1016/S0140-6736(84)91816-6

 4. Hooi JKY, Lai WY, Ng WK, Suen MMY, Underwood FE, Tanyingoh D, et al. Global 
prevalence of Helicobacter pylori infection: systematic review and Meta-analysis. 
Gastroenterology. (2017) 153:420–9. doi: 10.1053/j.gastro.2017.04.022

 5. Mongeon P, Paul-Hus A. The journal coverage of web of science and Scopus: a 
comparative analysis. Scientometrics. (2016) 106:213–28. doi: 10.1007/s11192-015-1765-5

 6. Aria M, Cuccurullo C. Bibliometrix: An R-tool for comprehensive science mapping 
analysis. J Inf Secur. (2017) 11:959–75. doi: 10.1016/j.joi.2017.08.007

 7. Chen C. Searching for intellectual turning points: progressive knowledge 
domain visualization. Proc Natl Acad Sci. (2004) 101:5303–10. doi: 
10.1073/pnas.0307513100

 8. Chen D, Liu Z, Luo Z, Webber M, Chen J. Bibliometric and visualized analysis of 
emergy research. Ecol Eng. (2016) 90:285–93. doi: 10.1016/j.ecoleng.2016.01.026

 9. Ma R, Ho Y-S. Comparison of environmental laws publications in science citation 
index expanded and social science index: a bibliometric analysis. Scientometrics. (2016) 
109:227–39. doi: 10.1007/s11192-016-2010-6

 10. van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for 
bibliometric mapping. Scientometrics. (2010) 84:523–38. doi: 10.1007/s11192-009-0146-3

 11. Chen C. Cite space II: detecting and visualizing emerging trends and transient 
patterns in scientific literature. J Am  Soc Inf Sci Technol. (2006) 57:359–77. doi: 
10.1002/asi.20317

 12. Zhan J, Ma Y, Zhao D, Li Z, Tan H, Wang X, et al. Knowledge atlas of post-
traumatic epilepsy research: based on citespace visualization analysis. Epilepsy Res. 
(2021) 178:106790. doi: 10.1016/j.eplepsyres.2021.106790

 13. Chen C, Dubin R, Kim MC. Emerging trends and new developments in 
regenerative medicine: a scientometric update (2000 – 2014). Expert Opin Biol Ther. 
(2014) 14:1295–317. doi: 10.1517/14712598.2014.920813

 14. DJ PRICE. Networks of scientific Papers. Science. (1965) 149:510–5. doi: 
10.1126/science.149.3683.510

 15. Malfertheiner P, Megraud F, O’Morain CA, Atherton J, Axon ATR, Bazzoli F, et al. 
Management of Helicobacter pylori infection—the Maastricht IV/ Florence consensus 
report. Gut. (2012) 61:646–64. doi: 10.1136/gutjnl-2012-302084

 16. Malfertheiner P, Megraud F, O’Morain CA, Gisbert JP, Kuipers EJ, Axon AT, et al. 
Management of Helicobacter pylori infection—the Maastricht V/Florence consensus 
report. Gut. (2017) 66:6–30. doi: 10.1136/gutjnl-2016-312288

 17. El-Omar EM, Carrington M, Chow W-H, McColl KEL, Bream JH, Young HA, 
et al. Interleukin-1 polymorphisms associated with increased risk of gastric cancer. 
Nature. (2000) 404:398–402. doi: 10.1038/35006081

 18. Uemura N, Okamoto S, Yamamoto S, Matsumura N, Yamaguchi S, Yamakido M, 
et al. Helicobacter pylori infection and the development of gastric Cancer. N Engl J Med. 
(2001) 345:784–9. doi: 10.1056/NEJMoa001999

 19. Malfertheiner P, Mégraud F, O’Morain C, Hungin APS, Jones R, Axon A, et al. 
Current concepts in the management of Helicobacter pylori infection—the Maastricht 
2-2000 consensus report. Aliment Pharmacol Ther. (2002) 16:167–80. doi: 
10.1046/j.1365-2036.2002.01169.x

 20. Suerbaum S, Michetti P. Helicobacter pylori infection. N Engl J Med. (2002) 
347:1175–86. doi: 10.1056/NEJMra020542

 21. Zhong D, Luo S, Zheng L, Zhang Y, Jin R. Epilepsy occurrence and circadian 
rhythm: a Bibliometrics study and visualization analysis via cite space. Front Neurol. 
(2020) 11:984. doi: 10.3389/fneur.2020.00984

 22. Lanas A, Chan FKL. Peptic ulcer disease. Lancet. (2017) 390:613–24. doi: 
10.1016/S0140-6736(16)32404-7

 23. Sonnenberg A. Time trends of ulcer mortality in Europe. Gastroenterology. (2007) 
132:2320–7. doi: 10.1053/j.gastro.2007.03.108

 24. Malmi H, Kautiainen H, Virta LJ, Färkkilä N, Koskenpato J, Färkkilä MA. 
Incidence and complications of peptic ulcer disease requiring hospitalisation have 
markedly decreased in Finland. Aliment Pharmacol Ther. (2014) 39:496–506. doi: 
10.1111/apt.12620

 25. Leow AH-R, Lim Y-Y, Liew W-C, Goh K-L. Time trends in upper gastrointestinal 
diseases and Helicobacter pylori infection in a multiracial Asian population – a 20-year 
experience over three time periods. Aliment Pharmacol Ther. (2016) 43:831–7. doi: 
10.1111/apt.13550

 26. Meyer-Rosberg K, Scott D, Rex D, Melchers K, Sachs G. The effect of environmental 
pH on the proton motive force of Helicobacter pylori. Gastroenterology. (1996) 
111:886–900. doi: 10.1016/S0016-5085(96)70056-2

 27. Zaki M, Coudron PE, McCuen RW, Harrington L, Chu S, Schubert ML. H. pylori 
acutely inhibits gastric secretion by activating CGRP sensory neurons coupled to 
stimulation of somatostatin and inhibition of histamine secretion. American J 
Physiology-Gastrointestinal and Liver Physiol. (2013) 304:G715–22. doi: 
10.1152/ajpgi.00187.2012

 28. Lanas A, Panes J, Pique J. Clinical implications of COX-1 and / or COX-2 
inhibition for the distal gastrointestinal tract. Curr Pharm Des. (2003) 9:2253–66. doi: 
10.2174/1381612033453992

 29. Odenbreit S, Püls J, Sedlmaier B, Gerland E, Fischer W, Haas R. Translocation of 
Helicobacter pylori cag a into gastric epithelial cells by type IV secretion. Science (1979). 
(2000) 287:1497–500. doi: 10.1126/science.287.5457.1497

 30. Bardou M, Quenot J-P, Barkun A. Stress-related mucosal disease in the critically 
ill patient. Nat Rev Gastroenterol Hepatol. (2015) 12:98–107. doi: 
10.1038/nrgastro.2014.235

 31. Coblijn UK, Lagarde SM, de Castro SMM, Kuiken SD, van Wagensveld BA. 
Symptomatic marginal ulcer disease after roux-en-Y gastric bypass: incidence, risk 
factors and management. Obes Surg. (2015) 25:805–11. doi: 10.1007/s11695-014-1482-9

 32. Mills JC, Shivdasani RA. Gastric epithelial stem cells. Gastroenterology. (2011) 
140:412–24. doi: 10.1053/j.gastro.2010.12.001

 33. Bindu S, Mazumder S, Bandyopadhyay U. Non-steroidal anti-inflammatory drugs 
(NSAIDs) and organ damage: a current perspective. Biochem Pharmacol. (2020) 
180:114147. doi: 10.1016/j.bcp.2020.114147

 34. Sinha M, Gautam L, Shukla PK, Kaur P, Sharma S, Singh TP. Current perspectives 
in NSAID-induced Gastropathy. Mediat Inflamm. (2013) 2013:1–11. doi: 
10.1155/2013/258209

 35. Chung C-S, Chiang T-H, Lee Y-C. A systematic approach for the diagnosis and 
treatment of idiopathic peptic ulcers. Korean J Intern Med. (2015) 30:559–70. doi: 
10.3904/kjim.2015.30.5.559

 36. Nakajima N, Takeuchi T, Hokari R, Narimatsu K, Iijima K, Koizumi S, et al. 
Background factors of idiopathic peptic ulcers and optimal treatment methods: a 
multicenter retrospective Japanese study. J Clin Biochem Nutr. (2024) 74:82–9. doi: 
10.3164/jcbn.23-82

https://doi.org/10.3389/fmed.2025.1530835
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(09)60938-7
https://doi.org/10.3748/wjg.v20.i18.5191
https://doi.org/10.1016/S0140-6736(84)91816-6
https://doi.org/10.1053/j.gastro.2017.04.022
https://doi.org/10.1007/s11192-015-1765-5
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.1073/pnas.0307513100
https://doi.org/10.1016/j.ecoleng.2016.01.026
https://doi.org/10.1007/s11192-016-2010-6
https://doi.org/10.1007/s11192-009-0146-3
https://doi.org/10.1002/asi.20317
https://doi.org/10.1016/j.eplepsyres.2021.106790
https://doi.org/10.1517/14712598.2014.920813
https://doi.org/10.1126/science.149.3683.510
https://doi.org/10.1136/gutjnl-2012-302084
https://doi.org/10.1136/gutjnl-2016-312288
https://doi.org/10.1038/35006081
https://doi.org/10.1056/NEJMoa001999
https://doi.org/10.1046/j.1365-2036.2002.01169.x
https://doi.org/10.1056/NEJMra020542
https://doi.org/10.3389/fneur.2020.00984
https://doi.org/10.1016/S0140-6736(16)32404-7
https://doi.org/10.1053/j.gastro.2007.03.108
https://doi.org/10.1111/apt.12620
https://doi.org/10.1111/apt.13550
https://doi.org/10.1016/S0016-5085(96)70056-2
https://doi.org/10.1152/ajpgi.00187.2012
https://doi.org/10.2174/1381612033453992
https://doi.org/10.1126/science.287.5457.1497
https://doi.org/10.1038/nrgastro.2014.235
https://doi.org/10.1007/s11695-014-1482-9
https://doi.org/10.1053/j.gastro.2010.12.001
https://doi.org/10.1016/j.bcp.2020.114147
https://doi.org/10.1155/2013/258209
https://doi.org/10.3904/kjim.2015.30.5.559
https://doi.org/10.3164/jcbn.23-82


Liu et al. 10.3389/fmed.2025.1530835

Frontiers in Medicine 14 frontiersin.org

 37. Huang T-T, Cao Y-X, Cao L. Novel therapeutic regimens against Helicobacter pylori: an 
updated systematic review. Front Microbiol. (2024) 15:1418129. doi: 10.3389/fmicb.2024.1418129

 38. Bhattacharyya A, Chattopadhyay R, Mitra S, Crowe SE. Oxidative stress: An 
essential factor in the pathogenesis of gastrointestinal mucosal diseases. Physiol Rev. 
(2014) 94:329–54. doi: 10.1152/physrev.00040.2012

 39. Peng Y-C, Hsu C-L, Tung C-F, Chou W-K, Huang L-R, Hung D-Z, et al. 
Chemiluminescence assay of mucosal reactive oxygen species in gastric cancer, ulcer 
and antral mucosa. Hepato-Gastroenterology. (2008) 55:770–3.

 40. Blaser H, Dostert C, Mak TW, Brenner D. TNF and ROS crosstalk in inflammation. 
Trends Cell Biol. (2016) 26:249–61. doi: 10.1016/j.tcb.2015.12.002

 41. Vandenabeele P, Galluzzi L, Vanden Berghe T, Kroemer G. Molecular mechanisms 
of necroptosis: an ordered cellular explosion. Nat Rev Mol Cell Biol. (2010) 11:700–14. 
doi: 10.1038/nrm2970

 42. Mahmood Z, Shukla Y. Death receptors: targets for cancer therapy. Exp Cell Res. 
(2010) 316:887–99. doi: 10.1016/j.yexcr.2009.12.011

 43. Redza-Dutordoir M, Averill-Bates DA. Activation of apoptosis signalling pathways 
by reactive oxygen species. Biochimica et Biophysica Acta (BBA) – molecular Cell Res. 
(2016) 1863:2977–92. doi: 10.1016/j.bbamcr.2016.09.012

 44. Rao R, Baker RD, Baker SS. Inhibition of oxidant-induced barrier disruption and 
protein tyrosine phosphorylation in Caco-2 cell monolayers by epidermal growth factor. 
Biochem Pharmacol. (1999) 57:685–95. doi: 10.1016/S0006-2952(98)00333-5

 45. Nimse SB, Pal D. Free radicals, natural antioxidants, and their reaction 
mechanisms. RSC Adv. (2015) 5:27986–8006. doi: 10.1039/C4RA13315C

 46. Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova E, Kuca K, et al. 
Reactive oxygen species, toxicity, oxidative stress, and antioxidants: chronic diseases and 
aging. Arch Toxicol. (2023) 97:2499–574. doi: 10.1007/s00204-023-03562-9

 47. Park Y, Park K. Phytochemical index and the risk of gastritis/gastric ulcer among Korean 
adults: a prospective cohort study. Nutrients. (2024) 16:2514. doi: 10.3390/nu16152514

 48. Xie Y, An L, Wang X, Ma Y, Bayoude A, Fan X, et al. Protection effect of Dioscoreae 
Rhizoma against ethanol-induced gastric injury in vitro and in vivo: a phytochemical and 
pharmacological study. J Ethnopharmacol. (2024) 333:118427. doi: 10.1016/j.jep.2024.118427

 49. Bhattacharya S, Banerjee D, Bauri A-K, Chattopadhyay S, Bandyopadhyay S-K. 
Healing property of the Piper betel phenol, allylpyrocatechol against indomethacin-
induced stomach ulceration and mechanism of action. World J Gastroenterol. (2007) 
13:3705–13. doi: 10.3748/wjg.v13.i27.3705

 50. Akram W, Ahmed S, Rihan M, Arora S, Khalid M, Ahmad S, et al. An updated 
comprehensive review of the therapeutic properties of chamomile (Matricaria 
chamomilla L.). Int J Food Prop. (2024) 27:133–64. doi: 10.1080/10942912.2023.2293661

 51. Asl MN, Hosseinzadeh H. Review of pharmacological effects of Glycyrrhiza sp. 
and its bioactive compounds. Phytother Res. (2008) 22:709–24. doi: 10.1002/ptr.2362

 52. Hebbar V, Shen G, Hu R, Kim B-R, Chen C, Korytko PJ, et al. Toxicogenomics of 
resveratrol in rat liver. Life Sci. (2005) 76:2299–314. doi: 10.1016/j.lfs.2004.10.039

 53. Young AJ, Lowe GM. Antioxidant and Prooxidant properties of carotenoids. Arch 
Biochem Biophys. (2001) 385:20–7. doi: 10.1006/abbi.2000.2149

 54. Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, Chakraborty S, et al. Oxidative 
stress, Prooxidants, and antioxidants: the interplay. Biomed Res Int. (2014) 2014:1–19. 
doi: 10.1155/2014/761264

 55. Blüher M. Obesity: global epidemiology and pathogenesis. Nat Rev Endocrinol. 
(2019) 15:288–98. doi: 10.1038/s41574-019-0176-8

 56. Powell-Wiley TM, Poirier P, Burke LE, Després J-P, Gordon-Larsen P, Lavie CJ, 
et al. Obesity and cardiovascular disease: a scientific statement from the American Heart 
Association. Circulation. (2021) 143:e984–e1010. doi: 10.1161/CIR.0000000000000973

 57. Arterburn DE, Telem DA, Kushner RF, Courcoulas AP. Benefits and risks of 
bariatric surgery in adults. JAMA. (2020) 324:879. doi: 10.1001/jama.2020.12567

 58. Syn NL, Cummings DE, Wang LZ, Lin DJ, Zhao JJ, Loh M, et al. Association of 
metabolic–bariatric surgery with long-term survival in adults with and without diabetes: 
a one-stage meta-analysis of matched cohort and prospective controlled studies with 
174 772 participants. Lancet. (2021) 397:1830–41. doi: 10.1016/S0140-6736(21)00591-2

 59. Csendes A, Burgos AM, Altuve J, Bonacic S. Incidence of marginal ulcer 1 month and 
1 to 2 years after gastric bypass: a prospective consecutive endoscopic evaluation of 442 
patients with morbid obesity. Obes Surg. (2009) 19:135–8. doi: 10.1007/s11695-008-9588-6

 60. Sasse KC, Ganser J, Kozar M, Watson RW, McGinley L, Lim D, et al. Seven cases 
of gastric perforation in roux-en-Y gastric bypass patients: what lessons can we learn? 
Obes Surg. (2008) 18:530–4. doi: 10.1007/s11695-007-9335-4

 61. Dallal RM, Bailey LA. Ulcer disease after gastric bypass surgery. Surg Obes Relat 
Dis. (2006) 2:455–9. doi: 10.1016/j.soard.2006.03.004

 62. Beran A, Shaear M, Al-Mudares S, Sharma I, Matar R, Al-Haddad M, et al. 
Predictors of marginal ulcer after gastric bypass: a systematic review and meta-analysis. 
J Gastrointest Surg. (2023) 27:1066–77. doi: 10.1007/s11605-023-05619-7

 63. Azagury D, Abu Dayyeh B, Greenwalt I, Thompson C. Marginal ulceration after 
roux-en-Y gastric bypass surgery: characteristics, risk factors, treatment, and outcomes. 
Endoscopy. (2011) 43:950–4. doi: 10.1055/s-0030-1256951

 64. Sverdén E, Mattsson F, Sondén A, Leinsköld T, Tao W, Lu Y, et al. Risk 
factors for marginal ulcer after gastric bypass surgery for obesity: a 

population-based cohort study. Ann Surg. (2016) 263:733–7. doi: 
10.1097/SLA.0000000000001300

 65. Maldonado-Contreras A, Goldfarb KC, Godoy-Vitorino F, Karaoz U, Contreras 
M, Blaser MJ, et al. Structure of the human gastric bacterial community in relation to 
Helicobacter pylori status. ISME J. (2011) 5:574–9. doi: 10.1038/ismej.2010.149

 66. Das A, Pereira V, Saxena S, Ghosh TS, Anbumani D, Bag S, et al. Gastric 
microbiome of Indian patients with Helicobacter pylori infection, and their interaction 
networks. Sci Rep. (2017) 7:15438. doi: 10.1038/s41598-017-15510-6

 67. Alexander SM, Retnakumar RJ, Chouhan D, Devi TNB, Dharmaseelan S, Devadas K, 
et al. Helicobacter pylori in human stomach: the inconsistencies in clinical outcomes and the 
probable causes. Front Microbiol. (2021) 12:713955. doi: 10.3389/fmicb.2021.713955

 68. Ağagündüz D, Cocozza E, Cemali Ö, Bayazıt AD, Nanì MF, Cerqua I, et al. 
Understanding the role of the gut microbiome in gastrointestinal cancer: a review. Front 
Pharmacol. (2023) 14:1130562. doi: 10.3389/fphar.2023.1130562

 69. Wu L, Wang Z, Sun G, Peng L, Lu Z, Yan B, et al. Effects of anti-H. pylori triple 
therapy and a probiotic complex on intestinal microbiota in duodenal ulcer. Sci Rep. 
(2019) 9:12874. doi: 10.1038/s41598-019-49415-3

 70. Gao J-J, Zhang Y, Gerhard M, Mejias-Luque R, Zhang L, Vieth M, et al. Association 
between gut microbiota and Helicobacter pylori-related gastric lesions in a high-risk population 
of gastric Cancer. Front Cell Infect Microbiol. (2018) 8:202. doi: 10.3389/fcimb.2018.00202

 71. Martin-Nuñez GM, Cornejo-Pareja I, Clemente-Postigo M, Tinahones FJ. Gut 
microbiota: the missing link between Helicobacter pylori infection and metabolic disorders? 
Front Endocrinol (Lausanne). (2021) 12:639856. doi: 10.3389/fendo.2021.639856

 72. Clavel T, Desmarchelier C, Haller D, Gérard P, Rohn S, Lepage P, et al. Intestinal 
microbiota in metabolic diseases. Gut Microbes. (2014) 5:544–51. doi: 
10.4161/gmic.29331

 73. Atuma C, Strugala V, Allen A, Holm L. The adherent gastrointestinal mucus gel 
layer: thickness and physical state in vivo. American J Physiol-Gastrointestinal Liver 
Physiol. (2001) 280:G922–9. doi: 10.1152/ajpgi.2001.280.5.G922

 74. Belkaid Y, Hand TW. Role of the microbiota in immunity and inflammation. Cell. 
(2014) 157:121–41. doi: 10.1016/j.cell.2014.03.011

 75. Khoder G, Al-Menhali AA, Al-Yassir F, Karam SM. Potential role of probiotics in 
the management of gastric ulcer. Exp Ther Med. (2016) 12:3–17. doi: 10.3892/etm.2016.3293

 76. Yang Y-J, Chuang C-C, Yang H-B, Lu C-C, Sheu B-S. Lactobacillus acidophilus 
ameliorates H. pylori-induced gastric inflammation by inactivating the Smad 7 and 
NFκB pathways. BMC Microbiol. (2012) 12:38. doi: 10.1186/1471-2180-12-38

 77. Qureshi N, Li P, Gu Q. Probiotic therapy in Helicobacter pylori infection: a 
potential strategy against a serious pathogen? Appl Microbiol Biotechnol. (2019) 
103:1573–88. doi: 10.1007/s00253-018-09580-3

 78. Jung H-K, Kang SJ, Lee YC, Yang H-J, Park S-Y, Shin CM, et al. Evidence-based 
guidelines for the treatment of & lt; i& gt; Helicobacter pylori& lt; /i& gt; infection in 
Korea 2020. Gut Liver. (2021) 15:168–95. doi: 10.5009/gnl20288

 79. Papastergiou V. Treatment of Helicobacter pylori infection: meeting the challenge 
of antimicrobial resistance. World J Gastroenterol. (2014) 20:9898–911. doi: 
10.3748/wjg.v20.i29.9898

 80. Papastergiou V. Treatment of Helicobacter pylori infection: past, present and future. 
World J Gastrointest Pathophysiol. (2014) 5:392–9. doi: 10.4291/wjgp.v5.i4.392

 81. Thung I, Aramin H, Vavinskaya V, Gupta S, Park JY, Crowe SE, et al. Review article: 
the global emergence of Helicobacter pylori antibiotic resistance. Aliment Pharmacol 
Ther. (2016) 43:514–33. doi: 10.1111/apt.13497

 82. Flores-Treviño S, Mendoza-Olazarán S, Bocanegra-Ibarias P, Maldonado-Garza HJ, 
Garza-González E. Helicobacter pylori drug resistance: therapy changes and challenges. 
Expert Rev Gastroenterol Hepatol. (2018) 12:819–27. doi: 10.1080/17474124.2018.1496017

 83. Kuna L, Jakab J, Smolic R, Raguz-Lucic N, Vcev A, Smolic M. Peptic ulcer disease: 
a brief review of conventional therapy and herbal treatment options. J Clin Med. (2019) 
8:179. doi: 10.3390/jcm8020179

 84. Li X, He F, Tuo X, Qiu Y, Guo J, Wu Y, et al. Electroacupuncture ameliorates peptic 
ulcer disease in association with gastroduodenal microbiota modulation in mice. Front 
Cell Infect Microbiol. (2022) 12:935681. doi: 10.3389/fcimb.2022.935681

 85. Lofgren JL, Whary MT, Ge Z, Muthupalani S, Taylor NS, Mobley M, et al. Lack of 
commensal Flora in Helicobacter pylori–infected INS-GAS mice reduces gastritis and 
delays intraepithelial neoplasia. Gastroenterology. (2011) 140:210–220.e4. doi: 
10.1053/j.gastro.2010.09.048

 86. Sharifi-Rad M, Fokou PVT, Sharopov F, Martorell M, Ademiluyi AO, Rajkovic J, 
et al. Antiulcer agents: from plant extracts to phytochemicals in healing promotion. 
Molecules. (2018) 23:1751. doi: 10.3390/molecules23071751

 87. Liu M, Gao H, Miao J, Zhang Z, Zheng L, Li F, et al. Helicobacter pylori infection 
in humans and phytotherapy, probiotics, and emerging therapeutic interventions: a 
review. Front Microbiol. (2023) 14:1330029. doi: 10.3389/fmicb.2023.1330029

 88. Xiong M, Bao Y, Xu X, Wang H, Han Z, Wang Z, et al. Selective killing of Helicobacter 
pylori with pH-responsive helix–coil conformation transitionable antimicrobial 
polypeptides. Proc Natl Acad Sci. (2017) 114:12675–80. doi: 10.1073/pnas.1710408114

 89. Huang T-T, Liu Y-N, Huang J-X, Yan P-P, Wang J-J, Cao Y-X, et al. Sodium sulfite-
driven Helicobacter pylori eradication: unraveling oxygen dynamics through multi-omics 
investigation. Biochem Pharmacol. (2024) 222:116055. doi: 10.1016/j.bcp.2024.116055

https://doi.org/10.3389/fmed.2025.1530835
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.3389/fmicb.2024.1418129
https://doi.org/10.1152/physrev.00040.2012
https://doi.org/10.1016/j.tcb.2015.12.002
https://doi.org/10.1038/nrm2970
https://doi.org/10.1016/j.yexcr.2009.12.011
https://doi.org/10.1016/j.bbamcr.2016.09.012
https://doi.org/10.1016/S0006-2952(98)00333-5
https://doi.org/10.1039/C4RA13315C
https://doi.org/10.1007/s00204-023-03562-9
https://doi.org/10.3390/nu16152514
https://doi.org/10.1016/j.jep.2024.118427
https://doi.org/10.3748/wjg.v13.i27.3705
https://doi.org/10.1080/10942912.2023.2293661
https://doi.org/10.1002/ptr.2362
https://doi.org/10.1016/j.lfs.2004.10.039
https://doi.org/10.1006/abbi.2000.2149
https://doi.org/10.1155/2014/761264
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1161/CIR.0000000000000973
https://doi.org/10.1001/jama.2020.12567
https://doi.org/10.1016/S0140-6736(21)00591-2
https://doi.org/10.1007/s11695-008-9588-6
https://doi.org/10.1007/s11695-007-9335-4
https://doi.org/10.1016/j.soard.2006.03.004
https://doi.org/10.1007/s11605-023-05619-7
https://doi.org/10.1055/s-0030-1256951
https://doi.org/10.1097/SLA.0000000000001300
https://doi.org/10.1038/ismej.2010.149
https://doi.org/10.1038/s41598-017-15510-6
https://doi.org/10.3389/fmicb.2021.713955
https://doi.org/10.3389/fphar.2023.1130562
https://doi.org/10.1038/s41598-019-49415-3
https://doi.org/10.3389/fcimb.2018.00202
https://doi.org/10.3389/fendo.2021.639856
https://doi.org/10.4161/gmic.29331
https://doi.org/10.1152/ajpgi.2001.280.5.G922
https://doi.org/10.1016/j.cell.2014.03.011
https://doi.org/10.3892/etm.2016.3293
https://doi.org/10.1186/1471-2180-12-38
https://doi.org/10.1007/s00253-018-09580-3
https://doi.org/10.5009/gnl20288
https://doi.org/10.3748/wjg.v20.i29.9898
https://doi.org/10.4291/wjgp.v5.i4.392
https://doi.org/10.1111/apt.13497
https://doi.org/10.1080/17474124.2018.1496017
https://doi.org/10.3390/jcm8020179
https://doi.org/10.3389/fcimb.2022.935681
https://doi.org/10.1053/j.gastro.2010.09.048
https://doi.org/10.3390/molecules23071751
https://doi.org/10.3389/fmicb.2023.1330029
https://doi.org/10.1073/pnas.1710408114
https://doi.org/10.1016/j.bcp.2024.116055

	Bibliometric and visualisation analyses of gastric ulcer knowledge areas and emerging trends, 2004–2024
	1 Introduction
	2 Materials and methods
	2.1 Data sources
	2.2 Inclusion criteria
	2.3 Analysis tool

	3 Results
	3.1 Visual mapping of publications by year
	3.2 Visual mapping of national and institutional publications
	3.3 Visual mapping of journal citations
	3.4 Visual mapping of author posting volume
	3.5 Visual mapping of co-cited references
	3.6 Visual mapping of keyword frequencies
	3.7 Visual mapping of keyword occurrence

	4 Discussion
	4.1 Research hotspots for gastric ulcers
	4.2 Trends in gastric ulcer research
	4.2.1 Antioxidants
	4.2.2 Marginal ulcers
	4.2.3 Gut microbiota
	4.2.4 Antibiotic resistance

	5 Conclusion
	5.1 Strengths and limitations


	References

