
Frontiers in Microbiology 01 frontiersin.org

Global status and trends of gastric 
cancer and gastric microbiota 
research: a bibliometric analysis
Yujia Ke 1†, Cheng Tan 1†, Junhai Zhen 2 and Weiguo Dong 1*
1 Department of Gastroenterology, Renmin Hospital of Wuhan University, Wuhan, Hubei, China, 
2 Department of General Practice, Renmin Hospital of Wuhan University, Wuhan, Hubei, China

Background: Numerous studies have cast light on the relationship between 
the gastric microbiota and gastric carcinogenesis. In this study, we conducted 
a bibliometric analysis of the relevant literature in the field of gastric cancer 
and the gastric microbiota and clarified its research status, hotspots, and 
development trends.

Materials and methods: Publications were retrieved from the Web of Science 
Core Collection on 18 July 2023. CiteSpace 6.2.R4, VOSviewer 1.6.19.0, and 
Biblioshiny were used for the co-occurrence and cooperation analyses of 
countries, institutions, authors, references, and keywords. A keyword cluster 
analysis and an emergence analysis were performed, and relevant knowledge 
maps were drawn.

Results: The number of published papers in this field totaled 215 and showed 
an increasing trend. The analysis of funding suggested that the input in this field 
is increasing steadily. China had the highest number of publications, while the 
United States had the highest betweenness centrality. Baylor College of Medicine 
published the most articles cumulatively. Both Ferreira RM and Cooker OO 
had the highest citation frequency. The journal Helicobacter showed the most 
interest in this field, while Gut provided a substantial research foundation. A total 
of 280 keywords were obtained using CiteSpace, which were primarily focused 
on the eradication and pathogenic mechanisms of Helicobacter pylori, as well 
as the application of the gastric microbiota in the evaluation and treatment of 
gastric cancer. The burst analysis suggested that in the future, research may 
focus on the application of gastric microorganisms, particularly Fusobacterium 
nucleatum, in the diagnosis and treatment of gastric cancer, along with their 
pathogenic mechanisms.

Conclusion: Current studies have been tracking the eradication of Helicobacter 
pylori and its pathogenic mechanisms, as well as changes in the gastric 
microbiota during gastric carcinogenesis. Future research may focus on the 
clinical application and pathogenesis of stomach microorganisms through 
bacteria such as Fusobacterium nucleatum.
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1 Introduction

Gastric cancer (GC) is the fifth most common cancer in the world 
and the fourth leading cause of cancer death (Sung et al., 2021). In the 
future, although the incidence rate of GC may show a downward 
trend, for some countries, incidence and mortality increases have been 
predicted in people below the age of 50 (Arnold et al., 2020; Qi et al., 
2023; Teng et al., 2023). Helicobacter pylori (H. pylori) is considered a 
major risk factor for GC and has been classified as a Class I carcinogen. 
The birth-cohort pattern revealed an epidemic of H. pylori in 
gastrointestinal disease (Sonnenberg, 2022). The sequential 
development model of GC suggests that H. pylori colonizes the gastric 
mucosa, inducing continuous chronic gastric inflammation, then 
causes cascade pathogenesis: atrophic gastritis (AG), in which 
H. pylori plays a role, and then intestinal metaplasia (IM), dysplasia, 
and finally GC (Correa, 1988, 1992). However, the decreasing 
prevalence of H. pylori has been histologically observed with the 
increasing severity of AG (Correa, 1992; Kuipers, 1998; Liu et al., 
2022), and some clinical studies have shown that H. pylori eradication 
in patients with advanced lesions does not eliminate the risk of 
carcinogenesis (Wong et al., 2004; Rugge et al., 2019), indicating that 
further progression of precancerous conditions may be independent 
of H. pylori colonization. With the prevalence of H. pylori infection 
decreasing (Li et  al., 2023), these facts draw attention to gastric 
microorganisms other than H. pylori.

The gastrointestinal microbiota is the largest and most complex 
microbial ecosystem in the human body, among which bacteria form 
major communities. However, given its highly acidic environment, 
which makes it difficult for general bacteria to colonize, the stomach 
was considered sterile until H. pylori was isolated from the gastric 
mucosa. With the development of molecular techniques, 128 
phylotypes of microorganisms have been identified through 
phylogenetic analysis from gastric endoscopy biopsy samples, most of 
which belong to Proteobacteria, Firmicutes, Bacteroidetes, 
Actinobacteria, and Fusobacteria, and 10 main genera have been 
classified (Bik et al., 2006; Liu et al., 2022). Multiple case–control 
studies based on gastric mucosal tissue biopsies have confirmed 
changes in bacterial diversity during the progression of intestinal-type 
GC. From non-atrophic gastritis (NAG) to IM and then to GC, the 
bacterial diversity steadily decreased (p = 0.004), and the gastric flora 
abundance changed continuously during this process (Aviles-Jimenez 
et al., 2014; Liu et al., 2022). Some studies have put forward different 
views: compared with functional dyspepsia, the richness and diversity 
of bacterial flora in GC tissue increased, but their uniformity did not 
increase. In addition, the serological status of H. pylori has a significant 
impact on the composition and diversity of the gastric microbiome 
(Castano-Rodriguez et al., 2017). Evidence from germ-free insulin–
gastrin (INS-GAS) and human gastric microbiota transplant mouse 
models further supports the potential causality of the microbiota in 
gastric carcinogenesis (Lofgren et al., 2011; He C. et al., 2022; Kwon 
et al., 2022). Accordingly, some researchers have used combinations 
of genera of gastric flora as microbial markers for the non-invasive 
diagnosis of GC (Chen et al., 2023).

Bibliometrics combines mathematics, statistics, and literature to 
explore the structural characteristics and hot trends of disciplines 
through the quantitative analysis of vast amounts of publications and 
evaluates and predicts the results. It has been widely applied in various 
fields of medicine (Dracos and Cognetti, 1995; Chen et  al., 2012; 

Kokol et al., 2021). Compared to traditional systematic reviews, the 
application of bibliometrics in a research field can help new researchers 
or researchers in other fields to grasp the development process and 
status of the field based on cluster labels or topics, rather than reading 
hundreds of unfamiliar studies to obtain limited information. It might 
also be limited to reading reviews because they often focus on only 
one research theme (Donthu et al., 2021). For small data samples, 
synthetic knowledge synthesis can also be  applied to extract, 
synthesize, and multidimensionally structure the corpus of scholarship 
(Kokol et al., 2022). At present, scholars are increasingly reporting on 
GC and the gastric microbiota. However, to the best of our knowledge, 
there is currently no intuitive visual analysis that explores the hotspots 
and trends in this field. Therefore, we adopted bibliometric methods 
to conduct a systematic review of this field. By performing quantitative 
and qualitative analyses of the relevant literature and utilizing 
visualization tools, the research status, hotspots, and future trends in 
this field were analyzed.

2 Materials and methods

2.1 Data source

Data were acquired from the Web of Science Core Collection 
(WoSCC) on 18 July 2023. The query was ((TS = (“gastric cancer*”) 
OR TS = (“gastric neoplasm*”) OR TS = (“gastric malignancy”) OR 
TS = (“gastric adenocarcinoma”) OR TS = (“gastric carcinoma”) OR 
TS = (“stomach cancer*”) OR TS = (“stomach neoplasm*”) OR 
TS = (“stomach malignancy”) OR TS = (“stomach adenocarcinoma”) 
OR TS = (“stomach carcinoma”)) AND (TS = (“gastric microbiota*”) 
OR TS = (“gastric microbiome*”) OR TS = (“gastric microflora”) OR 
TS = (“gastric flora”) OR TS = (“gastric bacteria”) OR TS = (“gastric 
microbial community”) OR TS = (“gastric bacterial community”) OR 
TS = (“stomach microbiota*”) OR TS = (“stomach microbiome*”) OR 
TS = (“stomach microflora”) OR TS = (“stomach flora”) OR 
TS = (“stomach bacteria”) OR TS = (“stomach microbial community”) 
OR TS = (“stomach bacterial community”))). The language was limited 
to English. Two evaluators screened the literature independently by 
reading the titles and keywords, and differences were settled through 
discussion. A third researcher would participate in further discussion, 
and a consensus would be reached if the dispute was still inconclusive.

2.2 Data creation and statistical analysis

2.2.1 Data collection and transformation
To export the retrieved documents, “full record and cited 

references” was selected. Data were converted to “txt” or “csv” format, 
named “download_*.txt,” and then imported into CiteSpace 6.2.R4 
and VOSviewer 1.6.19.0 for analysis (Chen, 2006; van Eck and 
Waltman, 2010). These bibliometric software programs are the most 
popular and have powerful features. Biblioshiny is a bibliometric 
program powered by Bibliometrix in the R language. After importing 
bibliographic records, it can quickly generate visual graphics based on 
the data, making it a convenient and comprehensive analysis tool 
(Aria and Cuccurullo, 2017). By using different software, we  can 
achieve complementary functions and verify the analysis results 
against each other (Cobo et al., 2011; Moral-Munoz et al., 2020).
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2.2.2 Data processing
Using Microsoft Excel, the publication volumes of the literature 

and the funding information were analyzed. CiteSpace 6.2.R4 was 
applied to deduplicate the obtained documents, retaining only articles 
and reviews, and then conduct visual analysis. The time span was 
selected from 2013 to 2023, and the time slice was selected as 1 year. 
As we  described later, we  adjusted the k-value appropriately to 
perform co-occurrence analyses on countries, institutions, and 
authors and co-citation analyses on journals. Moreover, keywords 
were used for co-occurrence, clustering, and emergence analyses. 
Different nodes represent different elements. The color of the ring 
corresponds to the time when the element appears, the width of the 
ring represents the frequency of the element at that time, and the size 
of the whole node reflects the total frequency of the element. The 
connecting lines between nodes represent co-occurrence, cooperation, 
or co-citation. The color of the links represents the time when the 
association first appeared, and its thickness represents the strength of 
the association. Other parameters were default.

In addition, VOSviewer 1.6.19.0 and Pajek were employed to 
analyze keyword clusters. Biblioshiny was used to carry out 
supplementary analyses of the cooperation network, important citing 
documents, cited source journals, as well as the frequency of keywords 
and research topic evolution. It is worth noting that in Biblioshiny, 
we  used Keywords Plus for topic analysis due to missing Author 
Keywords in some literature. Similarly, we detected Author Keywords 
and Keywords Plus in CiteSpace and VOSviewer. Keywords Plus is as 
effective as Author Keywords in terms of bibliometric analysis 
investigating the knowledge structure but is less comprehensive in 
representing an article’s content (Zhang et  al., 2016). Therefore, 
we combined the analysis results of different software programs and 
read the relevant literature to better describe the topics in the field.

2.2.3 Relative statistical indicators and 
parameters

2.2.3.1 Parameters in CiteSpace
The g-index is a parameter that can better measure the influence of 

an author. In CiteSpace, it belongs to the selection criteria and is calculated 
as g2 ≤ k

i g
ic

≤
∑ , k∈Z. Therefore, by adjusting the k-value, the number of 

nodes can be changed. In order to include as many nodes as possible and 
exclude less important nodes to ensure the reliability of the analysis, 
we adopted different k-value settings. The k-value was set to 25 in the 
co-occurrence analysis of countries, institutions, and keywords; 15 in the 
authors’ co-occurrence analysis and the journal’s co-citation analyses.

Betweenness centrality is one of the main metrics in network 
analysis. It refers to a node’s ability to carry information between 
unconnected groups of nodes, wherein each node represents a 
research constituent (Donthu et al., 2021). If a node has a centrality 
greater than 0.1, it is a critical node, as shown by the purple outer ring. 
The higher the centrality, the more important the bridge function of 
the node in the whole network.

The emergence detection analysis can reflect the development of 
an element. For the keywords burst detection, we set γ to 0.45 and the 
minimum duration to 1.

2.2.3.2 Parameters in Biblioshiny
Callon centrality and density are two parameters that determine 

the position of bubbles. Centrality is the degree of correlation among 

different topics. The higher the number of relations a node has with 
others in the thematic network, the higher the centrality and 
importance are. Density measures the cohesiveness among a node, 
which represents the theme’s development and delineates its capability 
to develop and sustain itself (Esfahani et al., 2019; Singh et al., 2023). 
In the thematic map, density is represented on the vertical axis, while 
centrality takes the horizontal axis, dividing the map into four 
quadrants. The upper right quadrant (Q1) contains motor themes, 
which are important to the research field and have the potential to 
develop. The upper left quadrant (Q2) contains highly developed and 
isolated themes, which have abundant internal bonds but less 
contribution to the development of the field. It means that these 
themes are potential themes to establish contacts with themes in Q1. 
The lower left quadrant (Q3) contains emerging or declining themes, 
which have weak development and are marginal. The lower right 
quadrant (Q4) contains basic and transversal themes, which have a 
great value to be discussed in the future.

3 Results

3.1 Research situation analysis

3.1.1 Analysis of publication volume
Analysis of the number of publications is helpful for initially 

determining whether a research field has received continued attention 
from researchers and whether it is on the rise. Based on the search 
results, there were a total of 215 documents, of which 204 were articles 
and reviews. The statistical diagram of the number of annual 
publications and annual total publications showed that research in the 
field of gastric microbiota and gastric cancer first began in 1993. Since 
2013, the annual number of publications in this field has shown a 
significant upward trend. The rapid growth rate from 2018 to 2022 
indicated that research in this field has gradually gained more 
attention in recent years. In 2023, the annual number of publications 
decreased, which may be due to the fact that the search only ended on 
18 July of that year (Figure 1A). The equation fitted according to the 
annual cumulative number of publications is y  = 1.348e0 2847. x , 
R2 = 0.9818, which has good fitting properties and conforms to Price’s 
curve. Overall, the total number of publications and the annual 
publications in this field have grown exponentially.

3.1.2 Analysis of funding
Analysis of the funding information for these publications shows 

that the cumulative number of funded publications has continued to 
increase since Web of Science began collecting funding information 
in 2008. It can be seen that the cumulative funding ratio has also 
increased steadily. From the analysis of annual funding, we can see 
that the annual funding rate for publications in this field has been 
rising steadily since 2013. This shows the attention and investment of 
researchers, indicating that this field has good development prospects 
(Figure  1A). According to our analysis, the top eight productive 
countries were selected for funding analysis. The stacked area chart of 
annually funded publications shows that in the early years, countries 
such as the United States and Korea had more funds invested in this 
field, while since 2021, China has had the largest proportion of funds 
invested in the field and the greatest output, indicating that China 
attaches more importance to research in the fields of gastric microbiota 
and gastric cancer (Figure 1B).
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3.2 Researchers’ analysis

3.2.1 Country analysis
The analysis of countries with relevant research from 2013 to 2023 

showed that a total of 39 countries followed up on this field. Among 
them, China and the United States were the most productive countries 
(Table  1). In the co-occurrence graph, it can be  seen that the 
United States started its research in this field earlier, and China has 
had an increasing number of prominent publications in recent years 
(Figure 2A). The betweenness centrality of the United States was the 
highest, reaching 0.43, which means the United States has a high 
influence in this field (Table 1). By analyzing the national cooperation 
network, it can be seen that China and the United States occupy a 
dominant position in the cooperation network. However, in general, 

the links between countries are thin and their colors are relatively 
dark, showing that the intensity of cooperation between countries in 
this field is low, and there has been poor cooperation in recent years 
(Figures 2A,B).

3.2.2 Institution analysis
An analysis of institutions showed that there was no prominent 

institution with a high publication volume. Among all the institutions, 
Baylor College of Medicine has published the most papers and has the 
highest betweenness centrality at 0.1. Except for Baylor College of 
Medicine, there is no institution with a centrality over 0.1, which 
means the bridge effect of each institution and the cooperation 
network are weak (Table  2). This might be  due to the number of 
institutions being too high, while the difference in co-occurrence 

FIGURE 1

The analysis of publication volume and funding information in the field of gastric microbiota and gastric cancer from 1993 to 2023. (A) Total 
cumulative publication volume and cumulative funding situation productions. (B) Annual publication volume and annual funding situation.
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frequency is small. The institution cooperation network analysis 
showed that Vanderbilt University, the US Department of Medicine, 
Baylor College of Medicine, Universidade do Porto, etc. have 
cooperated to a certain extent (Figures 2C,D).

3.2.3 Author analysis
Through statistics on the co-occurrence of the first author, it was 

found that the outputs of each single researcher in the field of gastric 
cancer and the gastric microbiota were even and relatively small, and 
the individual researchers exhibited a lack of centrality (Figure 2E). A 
major research group included Fox James G, Wilson Keith T, Feng 
Yan, Peek Richard M, etc. Researchers such as Figueiredo C and 
Ferreira RM, Kim J and Choi IJ, Dong QJ, and Wang LL also occupied 
a dominant position (Figures  2E,F). There was relatively less 
cooperation between authors. This result suggests that this field is in 
its infancy and has broad prospects. Co-citation network analysis of 
authors can reveal those who are under the spotlight and have made 
original contributions to a certain field. The CiteSpace analysis results 
show that Ferreira RM, Bik EM, and Coker OO had higher citation 

TABLE 1 The count of publications and the betweenness centrality of the 
top eight countries.

Rank Count Country Rank Centrality Country

1 72 People’s 

Republic of 

China

1 0.43 United 

States

2 41 United 

States

2 0.29 Australia

3 15 Germany 3 0.23 Germany

4 14 Italy 4 0.15 Italy

5 13 Japan 5 0.15 United 

Kingdom

6 13 South Korea 6 0.14 Japan

7 11 Australia 7 0.11 Sweden

8 8 United 

Kingdom

8 0.1 Ireland

9 8 Portugal 9 0.06 Greece

FIGURE 2

The co-occurrence and cooperation network of researchers. (A,B) Countries. (C,D) Institutions. (E,F) Authors. In panels (A,C,E), each node was 
displayed as a growth ring. Nodes with betweenness centrality over 0.1 are shown by the purple outer ring.
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frequency, while Maldonado-Contreras A and Lofgren JL had high 
betweenness centrality (Table 3).

3.3 Analysis of journals and documents

3.3.1 Document analysis
By analyzing citing documents, the latest research content and the 

research frontiers can be quickly found. LCS (local citation score) and 
GCS (global citation score) are two indicators of citing documents. 
After analyzing the publications retrieved from the WoSCC, it was 
found that the nodes representing studies by Ferreira RM, Eun CS, 
Aviles-Jimenez F, Lofgren JL, and Dicksved J were larger and had more 
pointed arrows, and these articles had the top five LCSs and GCSs, 
indicating that they were recognized by peers and researchers from 
other fields, which reflected the focus of this field to a certain extent 
(Figure 3A; Table 4).

Document co-citation analysis refers to analyzing the references 
of retrieved documents to find documents cited by different 
documents at the same time, which helps to identify classic documents 
and reveal the knowledge basis of the research field. A co-citation 
analysis of references showed that documents published by Cocker 

OO and Ferreira RM in Gut in 2018 had the highest citation frequency, 
while an article by Lertpiriyapong K in Gut in 2014 had the highest 
betweenness centrality (Table 5).

3.3.2 Journal analysis
Relevant journal analysis reflects which journals are more 

interested in this field. Through our retrieval, the documents obtained 
were published in 109 journals and mainly distributed in the categories 
of Gastroenterology, Hepatology, Microbiology, and Oncology. The 
journal Helicobacter included the most articles in this field, reaching 
16 (Figure 3B). The journal co-citation network shows that articles 
published in Gut, Gastroenterology, and Helicobacter had higher 
citation frequencies in this research field, and Scientific Reports had an 
important role with a centrality over 0.1 (Figure 3C). The analysis of 
the most locally cited sources showed the citation frequency of the 
source journals from which the references in our retrieval documents 
came. Gut, Gastroenterology, and Helicobacter had the highest citation 
frequency, which means they provided most of the research 
foundation (Figure 3D).

3.4 Keyword and research hotspot analysis

3.4.1 Keyword frequency and co-occurrence 
analysis

Biblioshiny was used to conduct word frequency analysis of the 
top 50 keywords from 2013 to 2023. It can be seen that “helicobacter-
pylori” appeared the most frequently. Other keywords with the highest 
word frequency included “infection”, “cancer”, “risk”, “gut microbiota”, 
“intestinal metaplasia”, “colonization”, “eradication”, “inflammation”, 
and so on (Figures 4A,B).

We also chose CiteSpace to analyze keywords from 2013 to 2023, 
with a total of 280 nodes and 1,557 links. Among the 280 keywords, 
the keywords with the highest frequency included “Helicobacter 
pylori”, “gastric cancer”, “infection”, etc., and the words with the highest 
betweenness centrality included “Helicobacter pylori infection”, “gut 
microbiota”, “atrophic gastritis”, etc. (Table 6). Our results show that in 
addition to search terms such as “gastric cancer” and “gastric 
microbiota”, there were keywords reflecting the precancerous 
conditions of GC, such as “atrophic gastritis”, “chronic gastritis”, 
“intestinal metaplasia”; keywords reflecting the eradication treatment 

TABLE 2 The count of publications and the betweenness centrality of the 
top 12 institutions.

Count Centrality Institution

1 9 0.1 Baylor College of Medicine

2 8 0.03 Vanderbilt University

3 7 0 Nanchang University

4 6 0 US Department of Veterans Affairs

5 6 0 Zhejiang University

6 6 0.01 Universidade do Porto

7 5 0 Chinese Academy of Sciences

8 5 0 Hanyang University

9 5 0 University of New South Wales Sydney

10 5 0 Veterans’ Health Administration (VHA)

11 5 0.02 Otto von Guericke University

12 5 0.03 Massachusetts Institute of Technology (MIT)

TABLE 3 The cited frequency and betweenness centrality of co-cited authors.

Count Year Name Centrality Year Name

1 97 2018 Ferreira RM 1 0.16 2013 Maldonado-Contreras A

2 92 2013 Bik EM 2 0.15 2013 Lofgren JL

3 91 2018 Coker OO 3 0.12 2014 Lertpiriyapong K

4 83 2013 Correa P 4 0.12 2016 Jo HJ

5 81 2015 Aviles-Jimenez F 5 0.11 2013 Correa P

6 80 2015 Eun CS 6 0.09 2017 Li TH

7 70 2013 Dicksved J 7 0.09 2014 Malfertheiner P

8 67 2013 Lofgren JL 8 0.08 2013 Bik EM

9 66 2014 Lertpiriyapong K 9 0.08 2013 Dicksved J

10 58 2016 Yang I 10 0.08 2014 El-Omar EM
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of H. pylori, such as “Helicobacter pylori”, “eradication”, “proton pump 
inhibitors”, “antibiotics”, “clarithromycin”; keywords related to gastric 
microbiota research, such as “gut microbiota”, “colonization”, 
“Fusobacterium nucleatum”, “Bifidobacterium”, “mucosa associated 
microbiota”, “gastric non-Helicobacter pylori helicobacter”; keywords 
reflecting research technology, such as “16 s rRNA sequencing”, “next-
generation sequencing”; and keywords reflecting pathogenic 
mechanisms, such as “inflammation”, “regulatory t cells”, “immune 
response”, “n nitroso compounds”, “DNA methylation”, “dendritic 
cells”, “kappa b activation”, “cdk12”, “CagA”, “e cadherin”, “ecl cell”, etc. 
(Supplementary Table 1).

3.4.2 Keywords cluster analysis
Cluster analysis can be used to correlate keywords that appear at 

the same time in documents and cluster highly relevant words into 

categories so as to mine hidden information. Modularity Q (Q, value 
interval [0, 1]) and Weighted Mean Silhouette S (S, value interval [−1, 
1]) are two important parameters of the clustering map. The Q-value 
can evaluate the quality of the clustering network. Q > 0.3 indicates 
that the network structure is persuasive. The S-value can measure the 
uniformity of cluster members. S > 0.5 indicates that the clustering 
results are reasonable.

We selected the log-likelihood ratio (LLR) algorithm to cluster 
280 keywords from 2013 to 2023. The Q-value was 0.3971, and the 
S-value was 0.7278, indicating that the clustering results were 
informative and had reference significance. A total of 11 meaningful 
clusters were formed (Table 7). The smaller the cluster number, the 
more keywords were included. The keywords of each cluster partially 
overlap, which indicates that there is a correlation between the 
clusters. Through the artificial division of clusters, it can be seen that 

FIGURE 3

The documents and journal analysis. (A) Historiograph of citing documents. (B) Most relevant sources reflect the journal distribution of retrieval 
documents. (C) Co-citation network of reference journals. (D) Most locally cited sources show the source journal of references in the retrieval 
documents.

TABLE 4 The citing documents with the top five LCS and GCS.

Paper Year LCS Paper Year GCS

1 Ferreira RM, 2018, Gut 2018 96 1 Ferreira RM, 2018, Gut 2018 338

DOI: 10.1136/gutjnl-2017-314205 DOI: 10.1136/gutjnl-2017-314205

2 Eun CS, 2014, Helicobacter 2014 82 2 Lofgren JL, 2011, Gastroenterology 2011 238

DOI: 10.1111/hel.12145 DOI: 10.1053/j.gastro.2010.09.048

3 Aviles-Jimenez F, 2014, Sci Rep-UK 2014 81 3 Dicksved J, 2009, J Med Microbiol 2009 214

DOI: 10.1038/srep04202 DOI: 10.1099/jmm.0.007302-0

4 Dicksved J, 2009, J Med Microbiol 2009 70 4 Aviles-Jimenez F, 2014, Sci Rep-UK 2014 205

DOI: 10.1099/jmm.0.007302-0 DOI: 10.1038/srep04202

5 Lofgren JL, 2011, Gastroenterology 2011 68 5 Eun CS, 2014, Helicobacter 2014 180

DOI: 10.1053/j.gastro.2010.09.048 DOI: 10.1111/hel.12145

LCS, local citation score; GCS, global citation score.
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in the past 10 years, researchers in this field have mainly specialized in 
the mechanisms by which the gastric microbiota causes GC, including 
immunity (cluster #0), metabolism (clusters #2, #3), environmental 
factors (cluster #6), tumor microenvironment (cluster #7), and paying 
attention to the types of bacterial flora (clusters #1, #8) and research 
methods (clusters #4, #9). In addition, H. pylori eradication treatment 
(cluster #5, #10) has been one direction of research. Furthermore, 
H. pylori infection and its eradication treatment are closely related to 
changes in gastric flora richness and the occurrence of GC. Overall, 
these clusters are related to each other. In terms of research progress, 
the timeline map can reflect the time span of each cluster and the 
correlation between different clusters, reflecting the evolution of 
research. This showed that clusters #0, #1, #4, #6, and #8 already had 
important keywords in 2013. Among them, the keywords in clusters 
#0 and #1 had high frequency and wide relationships with other 
keywords. Cluster #7 had its first important keyword, “adverse 
prognosis”, in 2018, which indicates that these fields are just beginning 
to develop and need more complete and thorough research 
(Figure 4D).

VOSviewer and Pajek were also used to generate clusters by 
analyzing keywords that appeared over 3 times. A total of 128 
keywords were displayed, and 10 clusters were obtained (Figure 4C). 
Each color represents a thematic cluster with different numbers of 
keywords. The bigger the node, the greater the frequency of the 

keyword. Links between nodes signal the relationship between topics. 
The thicker the link, the greater the occurrence of co-occurrence 
between keywords. The red cluster contained keywords reflecting 
H. pylori infection in the process of gastric carcinogenesis and had 
tight links with other clusters through keywords such as “Helicobacter 
pylori”, “intestinal metaplasia”, and “expression.” The green cluster 
mainly focused on the diagnosis and treatment of patients with 
precancerous status but had few links with other clusters. The dark 
blue cluster reflected the treatment of H. pylori infection. The yellow 
cluster included keywords with respect to identifying different 
members of the gastric microbiota. The violet cluster consisted of 
keywords reflecting the pathogenic mechanism of H. pylori. The light 
blue cluster contained keywords for factors that belong to gastric 
microbiota members or influence their components. The orange 
cluster reflected the in vitro research techniques for H. pylori infection. 
Other clusters consisted of keywords reflecting research regarding 
other microbiota associated with the gastric microbiota. Among all 
the keywords, except for “gastric cancer” and “gastric microbiota”, 
other keywords making associations with other clusters were 
“Helicobacter pylori”, “infection”, “risk”, “intestinal metaplasia”, 
“inflammation”, “colonization”, and “eradication”, which reflected that 
the eradication of H. pylori and its pathogenic mechanisms got 
noticed. In addition, keywords such as “proton pump inhibitor”, 
“Fusobacterium nucleatum”, “autoimmune gastritis”, “atrophic 

TABLE 5 The cited frequency and betweenness centrality of co-cited publications.

Count Author and DOI Centrality Author and DOI

1 95 Ferreira RM, 2018, Gut 1 0.33 Lertpiriyapong K, 2014, Gut

DOI: 10.1136/gutjnl-2017-314205 DOI: 10.1136/gutjnl-2013-305178

2 90 Coker OO, 2018, Gut 2 0.18 Coker OO, 2018, Gut

DOI: 10.1136/gutjnl-2017-314281 DOI: 10.1136/gutjnl-2017-314281

3 50 Liu XS, 2019, Ebiomedicine 3 0.15 Lofgren JL, 2011, Gastroenterology

DOI: 10.1016/j.ebiom.2018.12.034 DOI: 10.1053/j.gastro.2010.09.048

4 42 Li TH, 2017, Sci Rep-UK 4 0.14 Eun CS, 2014, Helicobacter

DOI: 10.1038/srep44935 DOI: 10.1111/hel.12145

5 38 Hsieh YY, 2018, Sci Rep-UK 5 0.14 Li TH, 2017, Sci Rep-UK

DOI: 10.1038/s41598-017-18596-0 DOI: 10.1038/srep44935

6 38 Castano-Rodriguez N, 2017, Sci Rep-UK 6 0.12 Yang I, 2016, Sci Rep-UK

DOI: 10.1038/s41598-017-16289-2 DOI: 10.1038/srep18594

7 35 Yang I, 2016, Sci Rep-UK 7 0.11 Maldonado-Contreras A, 2011, ISME J

DOI: 10.1038/srep18594 DOI: 10.1038/ismej.2010.149

8 35 Aviles-Jimenez F, 2014, Sci Rep-UK 8 0.11 Wang LL, 2016, Eur J Gastroen Hepat

DOI: 10.1038/srep04202 DOI: 10.1097/MEG.0000000000000542

9 32 Lertpiriyapong K, 2014, Gut 9 0.11 Ferreira RM, 2018, Gut

DOI: 10.1136/gutjnl-2013-305178 DOI: 10.1136/gutjnl-2017-314205

10 31 Eun CS, 2014, Helicobacter 10 0.1 Yu GQ, 2017, Front Cell Infect MI

DOI: 10.1111/hel.12145 DOI: 10.3389/fcimb.2017.00302

11 31 Yu GQ, 2017, Front Cell Infect MI 11 0.09 Aviles-Jimenez F, 2014, Sci Rep-UK

DOI: 10.3389/fcimb.2017.00302 DOI: 10.1038/srep04202

12 31 Schulz C, 2018, Gut 12 0.09 Liu XS, 2019, Ebiomedicine

DOI: 10.1136/gutjnl-2016-312904 DOI: 10.1016/j.ebiom.2018.12.034
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gastritis”, “mucosal microbiota”, and “regulatory T cells” were closely 
related to those important keywords, which may represent new 
research directions.

3.4.3 Research hotspot evolution
Keywords can reflect the core topics of research to some degree, 

helping to quickly elucidate the hotspots and progress in the research 
field. CiteSpace was used to undertake a burst analysis of keywords in 
the literature in this field from 2013 To 2023. A light blue line indicates 
that the keyword has not yet appeared, the dark blue line represents 
that the keyword has begun to appear, and the red line represents that 
the keyword has emerged (Table 8). Biblioshiny was applied to analyze 
the thematic evolution and trend topics. According to the distribution 
of publications per year, a Sankey diagram was drawn using the years 
2013 and 2017 as the cutting points, and the thematic maps in each 
time slice were also exported (Figures 5A–D). In the thematic maps, 
each bubble represents an emerging topic that moves toward 

mainstream themes. The names of bubbles are keywords with the 
highest occurrence in the clusters. The bubble size is proportional to 
the word occurrences, and the position is determined by its centrality 
and density. in the Sankey diagram, each block represents a keyword, 
and its width represents its frequency. The width of links between 
blocks represents the strength of the association. By detecting the 
frequency of keywords plus in a certain period, a trend topic scatter 
diagram was drawn (Figure 5E). The horizontal axis displays the time 
when high-frequency keywords appear, and the vertical axis displays 
the first three topics for each year in decreasing order of frequency. 
Each bubble on the graph represents a topic. The reference year for 
each topic is identified using the median of the distribution of 
occurrence over the time period considered, while the bar indicates 
the first and third quartiles of the occurrence distribution.

In short, these knowledge mappings lead to the same conclusion. 
Early research focused on H. pylori infection and eradication as well 
as GC progression, and the research content was relatively simple, 

FIGURE 4

Keywords and cluster analysis. (A) Word cloud map. (B) Tree map of keyword frequency. (C) Cluster network of keywords produced by VOSviewer and 
Pajek. (D) Timeline cluster map of keywords.
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TABLE 7 Keywords co-occurrence network clustering table.

Cluster ID Size Silhouette
Mean 
(year)

LLR

#0 56 0.61 2017 T cells (5.41, 0.05); gastrointestinal microbiota (5.41, 0.05); Barrett’s esophagus (5.41, 0.05); 16 s rRNA 

gene (4.23, 0.05); stomach cancer (4.17, 0.05)T cells

#1 36 0.59 2016 Stomach microbiota (16.2, 1.0E-4); bile acids (8.07, 0.005); bacterial microbiota (5.96, 0.05); accuracy 

rate (4.03, 0.05); identification (4.03, 0.05)Stomach microbiota

#2 33 0.707 2018 Metabolism (8.89, 0.005); disease (7.09, 0.01); epidemiology (5.3, 0.05); cytokines (5.3, 0.05); peptic 

ulcers (4.44, 0.05)Metabolism

#3 28 0.708 2018 Metabolomics (11.95, 0.001); pathogenesis (5.95, 0.05); distal gastric cancer (5.95, 0.05); association 

analysis (5.95, 0.05); thioredoxin (trxA; 5.95, 0.05)Metabolomics

#4 27 0.795 2016 16 s rRNA sequencing (12.9, 0.001); stomach (8.75, 0.005); s (8.59, 0.005); intestinal microbiota (8.59, 

0.005); children (8.59, 0.005)16 s rRNA sequencing

#5 25 0.782 2017 Antibiotic resistance (10.91, 0.001); chronic gastritis (9.94, 0.005); carcinoma (7.22, 0.01); chronic 

intestinal inflammation (5.44, 0.05); alternative treatments (5.44, 0.05)Antibiotic resistance

#6 19 0.9 2014 Dietary patterns (5.03, 0.05); 16 s ribosomal RNA (5.03, 0.05); prevention (5.03, 0.05); altered Schaedler 

flora (5.03, 0.05); migrating motor complex (5.03, 0.05)Dietary patterns

#7 17 0.843 2021 Tumor microenvironment (10.55, 0.005); microbiota (microorganism; 7.95, 0.005); treatment (7.95, 

0.005); host–microbe interactions (7.95, 0.005); TREGS (regulatory T cells; 7.95, 0.005)Tumor 

microenvironment

#8 16 0.893 2018 Gastric microbiota (11.05, 0.001); supplementation (5.37, 0.05); gastric non-Helicobacter pylori 

helicobacter (5.37, 0.05); Bifidobacterium (5.37, 0.05); prognosis (5.37, 0.05)Gastric microbiota

#9 14 0.754 2020 16 s rDNA (10.03, 0.005); animal models (5, 0.05); dysplasia (5, 0.05); candida albicans (5, 0.05); 

Epstein-Barr virus (5, 0.05)16 s rDNA

#10 6 0.963 2017 Containing triple therapy (9.17, 0.005); Saccharomyces boulardii supplementation (9.17, 0.005); 

containing quadruple therapy (9.17, 0.005); proton pump inhibitor (9.17, 0.005); low dose aspirin (9.17, 

0.005)
Containing triple 

therapy

LLR, log-likelihood ratio.

TABLE 6 The frequency and betweenness centrality of the top 15 keywords.

Count Year Keyword Centrality Year Keyword

1 118 2013 Helicobacter pylori 1 0.18 2013 Helicobacter pylori infection

2 99 2013 Gastric cancer 2 0.17 2013 Gut microbiota

3 49 2013 Infection 3 0.15 2013 Atrophic gastritis

4 45 2014 Cancer 4 0.14 2014 Cancer

5 38 2013 Gastric microbiota 5 0.14 2013 Gastric microbiota

6 33 2013 Gut microbiota 6 0.13 2014 Association

7 33 2013 Helicobacter pylori infection 7 0.13 2013 Bacterial microbiota

8 31 2018 Risk 8 0.11 2013 Colonization

9 29 2019 Intestinal metaplasia 9 0.11 2013 Gastric cancer

10 28 2013 Colonization 10 0.11 2013 Infection

11 27 2013 Stomach 11 0.09 2019 Intestinal metaplasia

12 23 2014 Eradication 12 0.08 2013 Inflammation

13 22 2013 Atrophic gastritis 13 0.07 2014 Carcinoma

14 20 2013 Bacterial microbiota 14 0.07 2014 Eradication

15 18 2014 Gastric microbiome 15 0.06 2015 Digestive tract microbiota
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TABLE 8 Emergent analysis of the top 64 keywords with the strongest citation bursts.

Keywords Year Strength Begin End 2013–2023

Bacterial microbiota 2013 4.47 2013 2017 ▃▃▃▃▃▂▂▂▂▂▂

Disease 2013 1.53 2013 2014 ▃▃▂▂▂▂▂▂▂▂▂

Gastric acid secretion 2013 1.49 2013 2016 ▃▃▃▃▂▂▂▂▂▂▂

Atrophic gastritis 2013 1.4 2013 2013 ▃▂▂▂▂▂▂▂▂▂▂

Endoscopic resection 2013 1.28 2013 2017 ▃▃▃▃▃▂▂▂▂▂▂

Colitis 2013 1.2 2013 2014 ▃▃▂▂▂▂▂▂▂▂▂

Flora 2014 2.12 2014 2016 ▂▃▃▃▂▂▂▂▂▂▂

Cells 2014 2.08 2014 2017 ▂▃▃▃▃▂▂▂▂▂▂

Diversity 2014 1.98 2014 2018 ▂▃▃▃▃▃▂▂▂▂▂

Mouse model 2014 1.48 2014 2014 ▂▃▂▂▂▂▂▂▂▂▂

Peptic ulcer 2014 1.27 2014 2014 ▂▃▂▂▂▂▂▂▂▂▂

Molecular analysis 2014 1.27 2014 2014 ▂▃▂▂▂▂▂▂▂▂▂

Dendritic cells 2014 1.16 2014 2015 ▂▃▃▂▂▂▂▂▂▂▂

Immune response 2014 1.14 2014 2014 ▂▃▂▂▂▂▂▂▂▂▂

Epithelial cells 2014 1.14 2014 2014 ▂▃▂▂▂▂▂▂▂▂▂

Helicobacter pylori infection 2013 1.13 2014 2015 ▂▃▃▂▂▂▂▂▂▂▂

Digestive tract microbiota 2015 1.57 2015 2017 ▂▂▃▃▃▂▂▂▂▂▂

H. pylori 2015 1.37 2015 2018 ▂▂▃▃▃▃▂▂▂▂▂

Stomach microbiota 2016 2.87 2016 2017 ▂▂▂▃▃▂▂▂▂▂▂

Colorectal cancer 2016 1.63 2016 2018 ▂▂▂▃▃▃▂▂▂▂▂

Mongolian gerbils 2016 1.5 2016 2019 ▂▂▂▃▃▃▃▂▂▂▂

Identification 2016 1.29 2016 2016 ▂▂▂▃▂▂▂▂▂▂▂

Mice 2016 1.29 2016 2016 ▂▂▂▃▂▂▂▂▂▂▂

Cancer risk 2017 1.32 2017 2020 ▂▂▂▂▃▃▃▃▂▂▂

China 2017 1.27 2017 2019 ▂▂▂▂▃▃▃▂▂▂▂

Pathology 2017 1.25 2017 2017 ▂▂▂▂▃▂▂▂▂▂▂

H. pylori 2017 1.25 2017 2017 ▂▂▂▂▃▂▂▂▂▂▂

Kegg modules 2017 1.25 2017 2017 ▂▂▂▂▃▂▂▂▂▂▂

Gastric cancer risk 2017 1.25 2017 2017 ▂▂▂▂▃▂▂▂▂▂▂

Proton pump inhibitors 2017 1.21 2017 2020 ▂▂▂▂▃▃▃▃▂▂▂

Intestinal microbiota 2015 1.13 2017 2017 ▂▂▂▂▃▂▂▂▂▂▂

Association 2014 2.27 2018 2019 ▂▂▂▂▂▃▃▂▂▂▂

Eradication 2014 2.24 2018 2020 ▂▂▂▂▂▃▃▃▂▂▂

Risk 2018 1.74 2018 2023 ▂▂▂▂▂▃▃▃▃▃▃

Meta-analysis 2018 1.58 2018 2019 ▂▂▂▂▂▃▃▂▂▂▂

Autoimmune gastritis 2018 1.3 2018 2020 ▂▂▂▂▂▃▃▃▂▂▂

Pernicious anemia 2018 1.26 2018 2018 ▂▂▂▂▂▃▂▂▂▂▂

Trends 2018 1.26 2018 2018 ▂▂▂▂▂▃▂▂▂▂▂

Adults 2018 1.2 2018 2018 ▂▂▂▂▂▃▂▂▂▂▂

Progression 2019 2.79 2019 2020 ▂▂▂▂▂▂▃▃▂▂▂

Molecular characterization 2019 2.18 2019 2021 ▂▂▂▂▂▂▃▃▃▂▂

Diagnosis 2019 1.85 2019 2020 ▂▂▂▂▂▂▃▃▂▂▂

Tumor microenvironment 2019 1.41 2019 2019 ▂▂▂▂▂▂▃▂▂▂▂

Sequences 2020 1.79 2020 2021 ▂▂▂▂▂▂▂▃▃▂▂

(Continued)
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containing keywords such as “Helicobacter pylori infection”, “gastric 
acid secretion”, and “atrophic gastritis”, and “peptic ulcer”. the keyword 
“bacterial microbiota” had the highest burst strength and lasted for a 
long time, which reflected that the concept of the microbiota began to 
receive significant and sustained attention. At this time, the topic of 
this research field was homogeneous, and the frequency of each 
keyword was low.

In the mid-term, the topic was still limited, but the word frequency 
increased. Research regarding H. pylori infection was still at the center 
position. There were still some keywords indicating studies on 
H. pylori eradication regimen, such as “eradication” and “proton pump 
inhibitors”. The burst detection showed that researchers began to 
increase their research on the gastrointestinal microbiota, with 
keywords such as “gastric microbiome”, “mucosa associated 
microbiota”, “community”, and the strength of the keyword “stomach 
microbiota” reaching 2.87. There were also keywords reflecting related 
research methods such as “molecular characterization”, “kegg 
modules”, and “next-generation sequencing”. In this period, “bacterial 
microbiota” served as the basis of research. In addition, some new 
research topics appeared, for example, “dendritic cells”, which reflected 
the focus on the mechanisms of gastric carcinogenesis caused by the 
gastric microbiota. The pathogenic mechanisms of the gastric 
microbiota in GC mainly included immune and “inflammation” 
mechanisms, reflected in keywords such as “dendritic cells”, “immune 
response”, and “inflammation”.

In recent years, the research topics have become heterogeneous, 
which is evidenced by the increasing number of topic words with high 
Callon centrality. In combination with burst detection, thematic 
evolution, and hotspot trend analysis, it can be inferred that researchers 

have paid more attention to the richness of bacterial flora and the 
mechanisms by which different microorganisms cause GC during this 
stage. Specifically, topics generated included those reflecting the 
pathogenic mechanisms of H. pylori, such as “Helicobacter pylori”, “n 
nitroso compounds” and “caga”, with burst keywords including “n 
nitroso compounds”, “nitrite”, “inflammation”, “apoptosis”, “epithelial 
cells”, “beta catenin”; those reflecting different members of the gastric 
microbiome, such as “epstein barr virus”, “Fusobacterium nucleatum”, 
with burst keywords including “tumor microenvironment”, “mucosa 
associated microbiota”, “community”, “dysbiosis”, “Fusobacterium 
nucleatum”; those reflecting the safety of H. pylori eradication therapy, 
such as “adverse events”; and those reflecting the clinical treatment of 
the precancerous stage of GC, such as “peptic ulcer”, “intestinal 
metaplasia”, “risk factors”, and “probiotics”, with keywords such as 
“gastric carcinogenesis”. Notably, the burst keywords “dysbiosis”, 
“Fusobacterium nucleatum”, “mucosal microbiota”, “risk factors”, 
“gastric carcinogenesis”, “community”, “intestinal metaplasia”, “therapy”, 
“inflammation”, “expression”, “gene”, “apoptosis”, “beta catenin”, and 
“adenocarcinoma” are still in a burst period, leading researchers’ 
attention to changes in the gastric microbiota and its clinical 
application, and the pathogenic mechanisms of H. pylori and other 
non-helicobacter bacteria. Among them, the thematic map of the time 
slice 2018 to 2023 suggested that topics such as “Fusobacterium 
nucleatum”, “mucosal microbiota” and “intestinal metaplasia” in the 
lower right quadrant are basic and transversal themes and play an 
important role in the development of this field, but they were 
understudied and may therefore become hotspots in the future.

Generally speaking, research in this field at this stage is mainly 
divided into two aspects: the eradication and pathogenic mechanisms 

TABLE 8 (Continued)

Keywords Year Strength Begin End 2013–2023

Juice 2020 1.2 2020 2020 ▂▂▂▂▂▂▂▃▂▂▂

Next-generation sequencing 2020 1.2 2020 2020 ▂▂▂▂▂▂▂▃▂▂▂

Nitrite 2020 1.2 2020 2020 ▂▂▂▂▂▂▂▃▂▂▂

N nitroso compounds 2020 1.2 2020 2020 ▂▂▂▂▂▂▂▃▂▂▂

Dysbiosis 2021 2.12 2021 2023 ▂▂▂▂▂▂▂▂▃▃▃

Gastric microbiome 2014 1.87 2021 2023 ▂▂▂▂▂▂▂▂▃▃▃

Fusobacterium nucleatum 2021 1.77 2021 2023 ▂▂▂▂▂▂▂▂▃▃▃

Mucosa associated microbiota 2021 1.63 2021 2021 ▂▂▂▂▂▂▂▂▃▂▂

Mucosal microbiota 2021 1.55 2021 2023 ▂▂▂▂▂▂▂▂▃▃▃

Risk factors 2021 1.41 2021 2023 ▂▂▂▂▂▂▂▂▃▃▃

Gastric carcinogenesis 2021 1.41 2021 2023 ▂▂▂▂▂▂▂▂▃▃▃

Community 2013 1.12 2021 2023 ▂▂▂▂▂▂▂▂▃▃▃

Intestinal metaplasia 2019 2.9 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Therapy 2019 1.97 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Inflammation 2013 1.85 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Expression 2016 1.57 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Gene 2018 1.35 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Apoptosis 2022 1.23 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Beta catenin 2022 1.23 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Adenocarcinoma 2016 1.14 2022 2023 ▂▂▂▂▂▂▂▂▂▃▃

Light blue line: the year that keywords have not appeared; dark blue line: the year that keywords began to appear; red line: the year that keywords emerged.
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of H. pylori, which were well studied and becoming more important, 
and the role of different gastric microorganisms in the diagnosis and 
treatment of GC and their pathogenic mechanisms, which were less 
studied but important to this field. Among these topics, H. pylori, 
Fusobacterium nucleatum, immunity, and inflammation may be future 
research hotspots.

4 Discussion

This article is the first to identify the current research status, 
research hotspots, and trends in the field of gastric flora and gastric 

cancer based on bibliometric methods. The application of bibliometric 
analysis and visualization can display various topics and trends in 
basic or clinical research in order for researchers to carry out their 
work. In addition, our research shows that this research field has broad 
prospects and that there are still many clinical problems left to 
be solved.

While the annual cumulative number of papers has shown an 
exponential growth trend, in the past 3 years, the annual publications 
in this field have continued to grow rapidly, which suggests that the 
topic of gastric microbiota and GC has become popular. The analysis 
of funding showed that many countries are increasing capital input in 
this field, especially those that are productive. It can be predicted that 

FIGURE 5

Research hotspot analysis. Panels (A–C) are the thematic maps of each time slice and describe the evolution trend of keywords. (A) represents the 
period of 1993–2013, (B) is for 2014–2017, and (C) is for 2018–2023. (D) Thematic evolution: the Sankey diagram shows the flow of research themes 
that merged or split. (E) Trend topic scatter diagram.

https://doi.org/10.3389/fmicb.2024.1341012
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Ke et al. 10.3389/fmicb.2024.1341012

Frontiers in Microbiology 14 frontiersin.org

in the future, the number of publications in this field will continue to 
grow exponentially, and funding support may also increase, making 
this field attractive for researchers.

Among the countries that published articles from 2013 to 2023, 
the total number of articles published by the top eight countries 
accounted for more than 90% of all articles published in this field, 
indicating that these countries were the main contributors to research 
in this field. Developed countries such as the United  States and 
Germany published papers earlier, and their research results also had 
a relatively prominent influence. These countries often have advanced 
medical research institutions, outstanding scientific researchers, and 
sufficient financial support. As a developing country, China has been 
increasing its publication volume significantly since 2015, and the 
total number of articles quickly exceeded that of other countries. This 
may be due to the large population base, the large number of H. pylori 
infections and GC patients, and the popularization of endoscopic 
biopsy technology (Fan et al., 2021; Wang et al., 2022), as well as the 
rapid growth of national GDP and increased investment in scientific 
research (Lei et al., 2020; Zhou et al., 2021). However, although China 
is an important representative with respect to investment in this field, 
China’s betweenness centrality was not outstanding enough, indicating 
that Chinese researchers need to improve the quality of their research. 
The institutions that contributed the most to this field were mainly 
universities, mostly from the United States and European countries. 
Among them, Baylor College of Medicine has made prominent 
contributions and is considered one of the most outstanding medical 
schools in the United States. Through the analysis of authors and 
institutions, it can be seen that Fox JG and Wilson KT from Vanderbilt 
University, Figueiredo C and Ferreira RM from Universidade do 
Porto, have made great contributions in this field and published a 
series of highly influential articles, as well as actively participating in 
follow-up research. In recent years, with the largest number of 
publications, China’s output mainly came from Zhejiang University 
and Nanchang University. However, most researchers in this field 
currently tend to collaborate with domestic research institutions or 
within research groups in the same institution, even in productive 
countries. This might be due to the fact that this research field is only 
in its infancy. Therefore, as the number of publications increases, 
countries and institutions need to strengthen cooperation to promote 
the exchange of academic ideas and innovative development in the 
research field, which will also help to expand their influence.

In terms of journal analysis, the impact factor (IF) of a journal to 
some extent represents the influence of research in the field and the 
quality of the research results. The reference source journals have high 
IFs, indicating that the research foundation in this field is reliable. Gut 
was the most cited journal, indicating that the results published in this 
journal have an important influence in this research field, with an IF 
of 24.5. Helicobacter was the main journal publishing research in this 
field, with an IF of 4.4. Recently, journals such as Frontiers in 
Microbiology, Scientific Reports, and Gut Microbes have published 
numerous articles, among which the IF of Gut Microbes reached 12.2. 
However, compared to the cited literature, the current IFs of 
publications in this field are still lower in general. This may be due to 
the fact that research in this field has not attracted widespread 
attention, suggesting that researchers need to improve the quality of 
their research through reasonable experimental design and advanced 
research technology to produce more influential products and propose 
more novel perspectives.

A large number of studies have taken various directions, leading 
to pathogenesis research and clinical practical applications. By reading 
the key literature identified via the historiograph of citing documents, 
the research progression can be revealed. After identifying differences 
in the gastric microbiota characteristics between GC patients and 
those with dyspepsia, as the technique developed, the gradual shifting 
of the gastric microbiota in Correa’s cascade was confirmed, and 
genotoxic colonies were finally identified. In this process, the 
correlations between the gastric microbiota, gastric cancer, and 
specific pathogenic bacteria were gradually identified. The application 
of specific microbiota in the clinical identification of GC patients was 
gradually supported. Subsequently, through PICRUSt analysis and 
other means, the role of different gastric microorganisms in the 
progression of GC was gradually revealed. The article published by 
Ferreira RM et al. in Gut in 2018 (doi: 10.1136/gutjnl-2017-314205) 
had the highest citation frequency and the highest LCS and GCS, 
indicating that it was widely recognized by researchers as an important 
research basis. The researchers conducted a retrospective analysis of 
the gastric microbiota of patients with GC and chronic gastritis. They 
found that the diversity of the gastric microbiota was reduced in GC 
patients, and other bacterial genera, mainly intestinal commensal 
bacteria, were enriched, showing community characteristics different 
from chronic gastritis patients. This article revealed that gastric 
microbiota dysbiosis is related to GC and proved that the microbial 
dysbiosis index (MDI) can be used to identify GC, with the area under 
the curve (AUC) being 0.91 and 0.89, respectively (Ferreira et al., 
2018). “Mucosal microbiome dysbiosis in gastric carcinogenesis,” 
published by Coker OO et al. (doi: 10.1136/gutjnl-2017-314281) close 
to the same period, also proved that there are differences in the gastric 
microbial composition and bacterial interactions during the 
progression from chronic gastritis to GC, and the correlation strengths 
between enriched groups and reduced groups increased (p < 0.001; 
Coker et al., 2018).

The visualization and clustering of keywords also reveal the 
evolution of the research topic. The timeline graph and thematic 
evolution analysis showed that although many important keywords 
such as “Helicobacter pylori” and “gastric cancer” have emerged in the 
early years, this research field is still developing and the topics 
described by these keywords are still being studied. In addition, topics 
that have begun to receive attention in recent years, such as “tumor 
microenvironment” and “stomach microbiota”, may be the focus of 
future research. In this research field, H. pylori, as a major member of 
the gastric microbiota, receives constant attention. Keyword analysis 
showed that “helicobacter-pylori”, “infection”, “eradication”, “proton 
pump inhibitors”, “regulatory T cells”, “CagA”, etc. were important 
keywords. As H. pylori is associated with GC and has a high infection 
rate in the general population, the diagnostic approaches, eradication 
methods, and carcinogenesis mechanisms for H. pylori have been 
extensively studied (Yang et al., 2014; Ansari and Yamaoka, 2022). 
However, current H. pylori eradication therapies face challenges 
involving antibiotic resistance (Ansari and Yamaoka, 2022; Suzuki 
et al., 2022), dysbiosis (Gotoda et al., 2018, 2020), the potential danger 
of long-term PPI use, and other shortcomings (Kuipers et al., 1996; Xu 
et al., 2013; Jiang et al., 2019; McCarthy, 2020; Seo et al., 2021; Arai 
et al., 2023). Recent studies have shown that H. pylori eradication 
regimens based on Vonoprazan (VPZ) are effective and safe (Kakiuchi 
et  al., 2023) and have a higher H. pylori eradication rate than 
PPI-containing triple or quadruple therapy (Chey et al., 2022). The 
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dual therapy consisting of VPZ and amoxicillin has a low incidence of 
adverse reactions and can also avoid unnecessary use of antibiotics, 
reducing the incidence of dysbiosis of the intestinal microbiota 
(Ouyang et al., 2022; Zhang J. et al., 2023). The dosage regimen of VPZ 
and the adverse events associated with its strong acid-suppressive 
effect still need further evaluation (Hu et al., 2022; Arai et al., 2023). 
In addition, the eradication of H. pylori might not be necessary for 
children because infection by H. pylori has a protective effect against 
asthma and inflammatory bowel disease via the systemic immune 
tolerance induced by dendritic cells (DCs) and regulatory T cells (Treg 
cells; Ravikumara, 2023). Helicobacter pylori infection or seropositivity 
have a detrimental impact on the efficacy of cancer immunotherapies, 
and the eradication of H. pylori infection by antibiotherapy does not 
revert the H. pylori-induced hyporesponsiveness to cancer 
immunotherapy (Che et al., 2022; Oster et al., 2022a,b; Gong et al., 
2023). However, another meta-analysis has suggested that GC patients 
with H. pylori infection may respond better to PD-1/PD-L1 blockade 
therapy (Zhu et al., 2023). These divergent findings may be explained 
by differences in patients and treatment characteristics, as well as 
potential confounding factors. Thus, many experts are calling for a 
more individualized eradication approach in the context of additional 
risk factors rather than unconditionally eradicating H. pylori in every 
case. Clarifying the pathogenesis of H. pylori is still an important task. 
Helicobacter pylori infection triggers complex chronic immune 
responses, leading to the occurrence of a variety of diseases. 
Helicobacter pylori virulence factors such as cytotoxin-associated gene 
A (CagA), vacuolating cytotoxin A (VacA), and Helicobacter pylori 
neutrophil-activating protein (HP-NAP) significantly affect the 
function of DCs in tumor microenvironment or bone marrow-derived 
DCs and play an important role in the induction of GC (Fu and Lai, 
2023; Raspe et al., 2023; Yuan et al., 2023). The Treg cell-mediated 
inflammatory response caused by H. pylori infection (Bagheri et al., 
2016, 2018; Owyang et al., 2020) and the genome instability caused by 
CagA (Bagheri et al., 2018; Takahashi-Kanemitsu et al., 2020; Alipour, 
2021; Imai et  al., 2021; Murata-Kamiya and Hatakeyama, 2022; 
Marshall, 2023) have been extensively studied. Recent research has 
shown that H. pylori can inhibit miRNA-375 expression in the 
stomach. Downregulated miR-375 activates the JAK2-STAT3 pathway, 
which then promotes the secretion of IL-6, IL-10, and VEGF, leading 
to the immature differentiation of DCs and the induction of GC 
(Zhang et  al., 2021). Notch signaling regulates the function and 
phenotype of DCs, thus mediating the differentiation of CD4+ T cells 
during H. pylori infection (Liu et al., 2023).

As 16 s rRNA sequencing techniques developed and gut 
microbiome research boomed with the confirmation of the 
relationship between the gastric microbiota and gastric carcinogenesis, 
researchers began to turn their attention to the study of the gastric 
microbiota. In this respect, “gut microbiota”, “colonization”, “16 s rRNA 
sequencing”, “risk”, “atrophic gastritis”, and “intestinal metaplasia” are 
important keywords, indicating that the clinical application of gastric 
microbiota in GC risk assessment and treatment are also current 
hotspots. As H. pylori is a bacterium that affects and is affected by the 
gastric microbiota, it is closely related to other bacteria in the 
progression of GC. Non-H. pylori microorganisms interact with 
H. pylori in gastric carcinogenesis (Guo et  al., 2023). Successful 
H. pylori eradication can reverse gastric microbiota dysbiosis (Guo 
et al., 2020; Guo Q. et al., 2022), and its high eradication rate is related 
to specific flora members (Niu et al., 2021). The intestinal microbiota 

of H. pylori-positive GC patients is also transformed, and this may 
further contribute to GC (Gao et al., 2018; Dash et al., 2019; Seol et al., 
2019; Iino and Shimoyama, 2021). Modulation of the gastrointestinal 
microbiota is beneficial to the eradication of H. pylori and the 
treatment of gastric diseases related to microbial dysbiosis (Viazis 
et al., 2022; Musazadeh et al., 2023; Zhang L. et al., 2023). The study 
of specific strains or pathogenic pathways of non-H. pylori bacteria in 
GC progression is helpful in identifying relevant treatment measures 
accordingly. Using 16 s rRNA sequencing technology to analyze 
gastric epithelial bacteria at different stages of GC progression, it was 
found that some bacterial taxa, such as Peptostreptococcus stomatis, 
Streptococcus anginosus, Parvimonas micra, etc., were significantly 
enriched in GC patients and could be used to identify precancerous 
lesions and GC (Coker et  al., 2018; Liu et  al., 2022). Microbial 
taxonomic features (MTFs) can be  used to predict early gastric 
neoplasia (EGN; Png et al., 2022) and may improve the accuracy of 
the polygenic risk score (PRS) model in predicting GC (Wang et al., 
2023). As for the mechanism, many studies have revealed that 
non-H. pylori microorganisms promote GC by inducing inflammation, 
modulating the immune response, triggering DNA damage, and 
promoting epithelial–mesenchymal transformation (Yang et al., 2022; 
Liao et  al., 2023). Gastric non-H. pylori microorganisms may 
participate in the progression of GC by affecting host DNA 
methylation (Yue et al., 2023). Different bacterial taxa are related to 
certain types of infiltrating immune cells (Liao et al., 2023). In the 
gastric microbiota associated with atrophy/intestinal metaplasia, 
functional pathways such as amino acid metabolism and inositol 
phosphate metabolism are enriched, while folate biosynthesis and 
NOD-like receptor signaling are reduced, which may explain the 
ongoing progression of precancerous conditions even after H. pylori 
eradication (Sung et al., 2020). Research on the intestinal microbiota 
continuously activating host immunity and producing a variety of 
metabolites has illuminated its effect on GC (Nasr et al., 2020; Guo 
Y. et al., 2022), while the GC microflora can modulate macrophages 
and enhance gastric tumor development by suppressing antitumor 
immunity, activating oncogenic signaling pathways, and producing 
protumor metabolites (Zhang W. et al., 2023).

Through emergent analysis, we  can speculate that the role of 
Fusobacterium nucleatum (F. nucleatum) in the Correa cascade of GC 
development may become a research hotspot in the future. 
Fusobacterium nucleatum, which exists in the oral cavity and 
gastrointestinal tract of humans, is an opportunistic pathogen causing 
systematic diseases, for example, gastrointestinal cancers (Chen et al., 
2022; He Z. et al., 2022). A number of studies have demonstrated the 
potential pathogenic role of F. nucleatum in colorectal cancer (CRC; 
Lee et al., 2019). Fusobacterium nucleatum causes CRC by adhering 
and forming biofilm, invading host cells, producing metabolites, and 
releasing vesicles (Chen et  al., 2022). Fusobacterium nucleatum 
promotes CRC metastasis through M2 polarization of macrophages 
in the tumor microenvironment (Chen et al., 2018; Xu et al., 2021). 
However, its roles in GC are not so clear. In a study using Clostridium 
and Fusobacterium nucleatum in biopsy tissue to diagnose GC, the 
sensitivity reached 100%, the specificity was 68.8%, and the AUC was 
0.875 (Hsieh et al., 2018). The combined colonization of F. nucleatum 
and Helicobacter pylori has also been associated with a poor survival 
rate in late-stage GC patients treated with gastrectomy, suggesting that 
it may promote the progression or metastasis of GC by synergizing 
with H. pylori (Hsieh et al., 2021, 2023). Fusobacterium nucleatum has 
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strong interactions with Porphyromonas, Prevotella, etc., which may 
lead to shortened survival (Nie et  al., 2021; Lehr et  al., 2023). A 
bioinformatic analysis suggested that neutrophil transcriptional 
activation induced by F. nucleatum may be  implicated in the 
occurrence of GC through several candidate genes, including 
DNAJB1, EHD1, IER2, CANX, and PH4B. Functional analysis showed 
that membrane-bound organelle dysfunction, intracellular trafficking, 
transcription factors ER71 and Sp1, and miR580 and miR155 were 
other candidate mechanisms (Zhou et  al., 2022). The metabolic 
function analysis showed that F. nucleatum-positive GC tissues were 
significantly enriched in the biosynthesis of lysine, peptidoglycan, and 
tRNA metabolic functions (Nie et  al., 2021). These results await 
further verification. Existing studies have demonstrated the role of 
F. nucleatum in the ERBB2-PIK3-AKT–mTOR pathway and the 
miR-885-3p/EphB2/PI3K/AKT axis (Hsieh et al., 2023; Xin et al., 
2023). However, some researchers have questioned the actual role of 
F. nucleatum in gastric carcinogenesis. An F. nucleatum-positive result 
was associated with poor prognosis in patients with Lauren’s diffuse 
type GC but had no association with the prognosis of intestinal-type 
GC. These results still remain to be confirmed (Boehm et al., 2020; Nie 
et al., 2021). Fusobacterium nucleatum may promote carcinogenesis 
via Fusobacterium adhesionA (FadA), which binds to E-cadherin, 
activating Wnt/β-catenin signaling and various inflammatory and 
oncogenic properties of the cells (Rubinstein et al., 2013, 2019). Since 
the diffuse type of GC is strongly associated with E-cadherin 
deregulation, one may speculate on the potential molecular mimicry 
and specific prognostic relevance of F. nucleatum to the diffuse type of 
GC (Boehm et al., 2020). Furthermore, the interaction of F. nucleatum 
with non-H. pylori gastric microorganisms also requires 
more explanation.

This study has some limitations. Only relevant studies published 
by WoSCC were included in this study; cutting-edge research with 
high quality from other databases such as PubMed and Scopus might 
have been ignored. Second, the language was restricted to English, 
which may have excluded high-quality literature in other languages. 
In addition, the co-citation frequency of the literature is time-
dependent, and since the research in this field is still in the developing 
stage, the number of citations cannot accurately reflect the importance 
of the document, especially important documents published in recent 
years. With the exponential growth of publications in this field, our 
research needs to be constantly updated to keep up with the latest 
research developments. Finally, due to missing keywords reported by 
Biblioshiny in some literature, the outcome of the CiteSpace keyword 
analysis might be  a little inaccurate; however, we  used different 
bibliometric software to conduct our analysis and verify the results.

5 Conclusion

To the best of our knowledge, this study is the first to use 
visualization software and data mining methods to conduct a 
bibliometric analysis of publications in the field of gastric microbiota 
and gastric cancer and to determine the research status, hotspots, and 
development trends in this field. Research in this field has mainly 
focused on the eradication therapy and pathogenic mechanisms of 
Helicobacter pylori, as well as the utilization of gastric microbiota in 
the evaluation and treatment of gastric cancer. Future research 
hotspots may include the use of the gastric microorganisms 

represented by Fusobacterium nucleatum in the diagnosis of and for 
therapeutic effects on gastric cancer. Their mechanisms of action need 
to be  further explored in order to provide a theoretical basis for 
clinical application. Relevant researchers or researchers outside this 
field can use this study to improve their awareness and understanding 
of the field and to gain some perspectives for further research.
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