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Abstract 

Background  Fibrosis is the ultimate, common pathological ending of most chronic inflammatory diseases 
and increases the chances of developing life-threatening illnesses. Pyroptosis, a newfound form of lytic pro-
grammed cell death initiated by the inflammasome, has received more and more attention because of its associa-
tion with fibrotic diseases. Therefore, this study visualizes the connection between pyroptosis and fibrosis research 
through bibliometric methods, aimed at providing global research hits and tendencies in the field.

Methods  We collected and analyzed the articles on pyroptosis and fibrosis from 2010 to 2024 via Web of Science. 
Visual data analysis was performed for countries, institutions, authors, references, and keywords in the field using 
VOSviewer, CiteSpace software, the “Bibliometrix” R package, the bibliometric website (https://​bibli​ometr​ic.​com/), 
and Excel software. We analyzed the data by utilizing the bibliometric review method.

Results  A total of 566 articles and reviews relating to pyroptosis and fibrosis were identified in the Web of Science. 
The number of publications in the domain has continued to grow since 2010. These scientific outputs were mainly 
from 129 countries/regions and 1919 institutions, particularly China (n = 423) and the USA (n = 83). More importantly, 
although China publishes a vast majority of articles, its centrality is lower than that of the USA (0.59 vs 0.61). Among 
the 3833 authors involved in this field, Feldstein, A. E. is the most prolific author. Shi, J. J. is the world’s most-cited 
author among the 12,143 authors in these academic journals. Frontiers in Immunology was a prolific contributor, 
and Nature was the most frequently cited journal. After analysis, Cleavage of GSDMD by inflammatory caspases deter-
mines pyroptotic cell death were the top-cited articles. The analysis of keywords displayed that pyroptosis, fibrosis, 
and pathways were the main research hotspots and frontier directions in recent years.

Conclusion  We analyzed the characteristics of published articles and drew a fundamental knowledge structure 
on pyroptosis and fibrosis research via bibliometric analysis. The potential mechanism between fibrosis and pyropto-
sis is deeply tied to the current moment. Our findings can help researchers make clear the research status and value 
of fibrosis and pyroptosis and provide new directions for future research as soon as possible.
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Introduction
Fibrosis is not a disease but rather a dysregulation of a 
reparative or reactive process following tissue injury, 
resulting in a state caused by the accumulation of exces-
sive collagen or extracellular matrix (ECM) during 
chronic diseases [20]. This fibrotic process has occurred 
in various tissues or organs such as the skin, liver, lung, 
kidney, and heart and become one of the major causes 
of morbidity and mortality, accounting for up to 45% of 
patients’ deaths in Western world countries. Mechanis-
tically, specific principles of fibrosis advancement con-
cern the aggravation of chronic tissue injury, the ongoing 
inflammatory processes, massive production of myofi-
broblasts, and finally fibration of excess matrix scaffold 
[4, 55]. Despite the increasing development of novel diag-
nostic techniques and antifibrotic therapeutics, the prog-
nosis of patients with fibrotic diseases is still rather poor. 
Therefore, a comprehensive and integrated understand-
ing of critical fibrogenic molecular signals and cellular 
mechanisms in all kinds of organs is extremely signifi-
cant for developing improved diagnosis and therapeutic 
approaches toward reversing the formation of fibrous tis-
sue and scarring in fibrotic diseases.

Generally, fibrogenesis is caused by parenchymal cell 
destruction, in which cell death such as necrosis, apop-
tosis, pyroptosis, necroptosis, and ferroptosis plays a 
greatly important role. Among them, pyroptosis, a new 
form of pro-inflammatory programmed cell death, has 
caused widespread concern because of its association 
with fibrotic diseases. It was first discovered in 1986, 
when Friedlander treated mouse macrophages with lethal 
anthrax toxin, resulting in cell death and quick release of 
cell contents [13]. In 2001, Brennan, Cookson et al. first 
proposed the concept of pyroptosis to describe a mode 
of cell death in inflammatory cells that rely on caspase 
1, which is a completely different mode of death from 
apoptosis [11]. During pyroptosis, the cell expands until 
the cell membrane bursts, causing the release of the 
cell’s contents to activate a powerful inflammatory and 
immune response [27]. Activation of the inflammasomes 
can cause the maturation of caspase-1 or caspase-4/5/11 
and then disintegrate gasdermin D to release its N-ter-
minal domain, which can be combined in membrane 
lipids and perforate the cell membrane [45]. Currently, 
numerous research studies have manifested that pyrop-
tosis is the intimate relationship between the occurrence 
and development of various fibrotic diseases, so a com-
prehensive understanding of the research status and hot-
spots in this field is contributing to providing new ideas 
for clinical prevention and treatment of fibrotic diseases.

The bibliometric, first proposed by Pritchard A in 
1969 [39], is the quantitative method of academic lit-
erature that adopts statistics to introduce publishing 

statements and development trends and to evaluate the 
relationships between published articles [24]. Similar 
to epidemiology, scholars attempt to answer questions 
about a field according to data about publications (e.g., 
journal, topics, authors, research impact) in the same 
way that epidemiologists collect and analyze the data-
bases for the patient or disease to explore the influence 
of the health of a population. With the development of 
bibliometric methods and analysis software, bibliomet-
rics not only can provide the basis for promoting quan-
titative and scientific evaluation and management of 
academic periodicals but also can give a more reason-
able and correct direction for the work of researchers in 
a field [7, 34].

Herein, we analyzed the literature characteristics and 
the mainstream direction of current research on pyrop-
tosis and fibrosis in the last 15  years using bibliomet-
ric methods. The purpose of this study is to provide a 
comprehensive view of research on the association with 
pyroptosis and fibrosis to confirm the trend of annual 
publications, institutions, countries, the most prolific 
authors, institutions, and the most widely cited papers 
related to this topic and to lay a solid foundation for in-
depth research of the field in the future.

Materials and methods
Inclusion and exclusion criteria
In our study, inclusion criteria were as follows: (1) Litera-
ture related to fibrosis and pyroptosis, (2) the language 
of the literature is English, (3) the types of literature 
searched include articles and reviews, and (4) biblio-
graphic information must include title, author, country, 
institution, keywords, and references. The exclusion cri-
teria were as follows: (1) Meeting papers, newspapers and 
books, etc., (2) literature with incomplete bibliographic 
information, and (3) duplicate publications.

Search strategy and data collection
Web of Science was chosen as the main database of our 
research, because it has a very comprehensive collection 
of scholarly journals and has been frequently used in past 
visual analytic studies [19, 56]. First, data were collected 
from the Web of Science Core Collection (WoSCC) data-
base through the Science Citation Index Expanded (SCI-
EXPANDED) and the Social Sciences Citation Index 
(SSCI). The search strategy was (TS = (Pyroptosis)) AND 
TS = (Fibrosis)). “Article” and “Review” were selected as 
Document Type. The language of literature was “English.” 
The retrieval time was from 1 January 2010 to 14 Sep-
tember 2024. Literature was exported and saved as plain 
text files from Web of Science.
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Data analysis
In our study, we have applied the review method of bib-
liometrics for the analysis, which is a quantitative statisti-
cal method that takes the representation of the scientific 
literature as the object of study and uses mathematical 
and statistical methods to describe, evaluate, and predict 
the current state of science and technology and devel-
opment trends [36, 39]. Bibliometric analysis was per-
formed by VOSviewer and CiteSpace v.6.3.R1 (64-bit) 
Basic, the “Bibliometrix” R package, and the bibliometric 
website (https://​bibli​ometr​ic.​com/). The VOSviewer soft-
ware tool embedded clustering algorithm helps research-
ers to construct and visualize co-occurrence networks 
of important information extracted from the scientific 
literature [49]. Using VOSviewer software, we analyze 
the distribution of information from different countries, 
institutions, authors, co-cited authors, journals, co-cited 
journals, and keywords. Meanwhile, CiteSpace, a Java-
based bibliometric software developed by Prof. Chaomei 
Chen [38, 47], was applied to produce a timeline graph of 
keywords as well as to identify highly cited references and 
keywords that experienced a high citation burst during a 
specific period. Moreover, the Bibliometrix R package is a 
common bibliometric tool that collects core elements of 
the literature including title, abstract, author, reference, 
country, institution, and keywords and analyzes their 
interactions [3]. Furthermore, it was used to show the 
collaboration map of different countries on a world map. 
In addition, the online bibliometric website (https://​bibli​
ometr​ic.​com/) was used to visualize the international 
collaboration among countries. The exponential growth 
function in Excel was used to analyze the annual number 
of publications over the years of 2010–2024.

In the process of research, we need to clarify some con-
cepts including the centrality index, co-cited authors/
journals, co-citation publications, and the H-index. The 
centrality index describes the position, importance, and 
influence of an individual or organization in the social 
network in his research field, including degree central-
ity, closeness centrality, and betweenness centrality. 
Intermediate centrality is used in this study, which refers 
to the number of times that this node, as an intermedi-
ate bridge, links the other two nodes on the shortest 
path. The larger the value, the more times it appears on 
the shortest path in the overall network and the greater 
the influence and importance in the cooperative net-
work [8, 35]. Co-cited authors/journals are two or more 
authors/journals that are simultaneously cited in one or 
more subsequent papers. Co-citation publications mean 
that two or more publications are cited by one or more 
articles at the same time. The H-index is a quantitative 
indicator that can be used to estimate the quantity and 
level of a certain researcher’s academic output. Citation 

burst is a concept that can be used to identify hot topics, 
referring to articles that experience a spike in citations 
after publication, which typically indicates a high level of 
scholarly attention to the topic in question.

Results
Study selection
All publications selected for inclusion in the study were 
obtained from WoSCC, and 583 publications were 
obtained by searching for the keywords “Pyroptosis” and 
“Fibrosis.” Then, 576 publications were obtained by filter-
ing the publications with the types of article and review. 
After screening the publications in languages other than 
English, 573 publications were obtained. Finally, by set-
ting the screening time period from 2010 January 01 to 
2024 September 14, we obtained 566 eligible publica-
tions. After using CiteSpace software and manually 
excluding irrelevant literature, literatures meeting the 
criteria were stored in the format of download_txt to 
VOSviewer, the Literature Metrology Online Analysis 
Platform (https://​bibli​ometr​ic.​com), Bibliometrix, and 
CiteSpace to carry out bibliometric analysis (Fig. 1).

The trend of publications outputs
According to the data retrieved from WoSCC, there 
were 566 publications in the field of pyroptosis and 
fibrosis between 2010 and 2024, including 437 (77.21%) 
articles and 129 (22.79%) reviews. The increasing num-
ber of annual publications over time clearly reflected 
the research of the field at various times and showed 
the research tendency at a particular stage. As shown in 
Fig.  2, the number of publications related to pyroptosis 
and fibrosis was from a period of stability to a rapidly 
increasing stage in the last 15  years. Among them, the 
number of articles in the domain did not exceed 10 in 
total from 2010 to 2014, indicating that the research in 
this field had less academic attention in this period. Sig-
nificantly, since 2018, there has been a fast-growth trend 
in the number of related articles in this area, to more 
than 200, indicating that the research on the relationship 
between pyroptosis and fibrosis has gradually attracted 
the attention of scholars around the world.

The performance of countries, regions, and institutions
According to the data retrieved from the WoSCC data-
base, 129 countries/regions and 1919 institutions had 
published literature on this topic in total. The top 10 
most productive countries, regions, and institutions are 
presented in Table  1 and Fig.  3. China contributed to 
the most publications (n = 423), followed by the USA 
(n = 83), Germany (n = 20), South Korea (n = 14), and 
Spain (n = 14). The total number of articles published in 
China represented about 74% of all publications in the 

https://bibliometric.com/
https://bibliometric.com/
https://bibliometric.com/
https://bibliometric.com
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Fig. 1  Flowchart of bibliometric analysis on pyroptosis and fibrosis from 2010 to 2024

Fig. 2  The temporal distribution of publications on pyroptosis and fibrosis over 2010 ~ 2024
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field. The cooperative relationships with different coun-
tries or regions are displayed in Fig.  3. Centrality was 
used to measure the importance of nodes in a collabo-
ration network, and it was clear that the USA (central-
ity = 0.61) took center stage of the network, followed by 
China (centrality = 0.59) and Egypt (centrality = 0.26). 
The cooperation relationships between countries on a 
chordal graph and the world map are shown in Fig. 3B 
and C, and the USA had the most vigorous cooperation 
with other countries or regions, especially China.

As for institutions, 1919 institutions were published 
in this field, and 9 of the top 10 institutions were domi-
nated by Chinese. Among them, the top three institu-
tions were Harbin Medical University (n = 19), Fudan 
University (n = 19), and Nanjing Medical University 
(n = 18). More importantly, except the University of 
California, San Diego among the top 10 institutions 
published an article in 2014, the rest of the publications 
were published after 2018, indicating that the research 
in this field had been gradually paid attention to by 
more and more researchers after 2018. In addition, we 
found that among the top 10 most productive institu-
tions in the domain, the top 3 cited institutions were 
the University of California San Diego (n = 1498), Har-
bin Medical University (n = 608), and Nanjing Medical 
University (n = 488). Therefore, although Harbin Medi-
cal University was the most productive institution, the 
University of California, San Diego was the most-cited 
institution. From the network of major institutional 
relationships and cooperation (Fig.  4), it can be found 
that the cooperation among institutions was mainly 
centered on Nanjing Medical University, Harbin Medi-
cal University, Southern Medical University, and Fudan 
University. Although the University of California, San 
Diego was in the top 10 in terms of academic out-
put in this field, it did not collaborate frequently with 

other institutions and was therefore not included in the 
network.

Authors and co‑cited authors
Based on VOSviewer, the results of the bibliometric 
analysis manifested that 3833 authors participated in the 
research of pyroptosis and fibrosis. Table 2 displayed the 
specific information of the top 10 authors with the most 
productive and co-cited authors, including the main 
authors, the number of literatures, the number of cita-
tions, and the average citations, affiliations, and H-index 
of productive authors. The top 3 authors with the most 
documents were Feldstein, A. E. (n = 11), followed by Tao, 
H. (n = 7), and Hoffman, H. M. (n = 6). The top 3 authors 
with the highest H-index were Feldstein, A. E. (72), Hoff-
man, H. M. (58), and Pelegrin, P. (57). In Table 2, Shi, J. 
J. was the most co-cited author with 211 citations, fol-
lowed by Wree, A. (199) and Kayagaki, N. (122). Gener-
ally, the co-citation frequency of an author is higher, and 
the academic relationship with other authors in the field 
is closer. Besides, the visual analysis from Fig. 5A and B 
revealed the cooperative network relationship between 
the authors and the co-cited authors. The cooperative 
networks between authors were divided into clusters of 
different colors according to the closeness of their ties. 
The co-cited authors were divided into four clusters rep-
resented by three colors (red, blue, and green), and the 
authors in each cluster are closely related. Feldstein, A. E. 
made important contributions in this field, as he was not 
only the author with the most publications and the high-
est H-index but also he was in the top 3 in terms of aver-
age citations per publication.

Productive journals and co‑cited journals
A total of 255 journals and 3147 co-cited journals par-
ticipated in the publications of research on pyroptosis 

Table 1  Top 10 countries/regions and institutions in pyroptosis and fibrosis research

Rank Country/region Article count Centrality First 
published 
year

Institution Article count Citations First 
published 
year

1 China 423 0.59 2014 Harbin Med. Univ 19 608 2018

2 USA 83 0.61 2012 Fudan Univ 19 355 2020

3 Germany 20 0.06 2013 Nanjing Med. Univ 18 488 2018

4 South Korea 14 0.01 2016 Nanjing Univ. Chinese Med 17 393 2019

5 Spain 14 0.17 2017 Zhejiang Univ 17 234 2018

6 India 12 0.06 2019 China Med. Univ 15 206 2020

7 Japan 11 0.09 2014 Cent. South Univ 14 298 2020

8 Canada 9 0.19 2012 Southern Med. Univ 14 200 2019

9 Egypt 9 0.26 2020 Capital Med. Univ 13 247 2019

10 Mexico 9 0.10 2012 Univ. Calif. San Diego 13 1498 2014
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and fibrosis from 2010 to 2024. Details of the top 10 
journals in terms of the number of publications and 
the top 10 co-cited journals in terms of the number of 
citations are shown in Table 3. The top 3 journals with 
the largest number of publications were Frontiers in 
Immunology (n = 19), International Journal of Molecu-
lar Sciences (n = 18), and Fronters in Pharmacology 
(n = 16). According to the standards of Journal Citation 
Reports 2023 (JCR 2023), the IFs of the journals ranged 
from 2.9 to 6.9, with an average of 4.95, and 100% of 
the top 10 most published journals were distributed 
in Q1 and Q2. Among them, the 2023 impact factor 
of Biomedicine & Pharmacotherapy was the highest 

(IF = 6.9), followed by Ecotoxicology and Environmen-
tal Safety (IF = 6.2) and International Immunopharma-
cology (IF = 5.8). Moreover, among the top 10 co-cited 
academic journals, the highest-cited journal was 
Nature (n = 1116), followed by Hepatology (n = 813) 
and Journal of Hepatology (n = 735). Three journals 
in this area of research had an impact factor greater 
than 20, and Nature had the highest impact factor 
(IF = 50.5). The top 10 co-cited journals were sorted 
into Q1 and Q2 regions based on the JCR standard. 
Significantly, Nature, Cell, Hepatology, and Journal 
of Hepatology were SCI’s top international academic 
journals in various fields. The network visualization 

Fig. 3  A Analysis of distribution and cooperation between the major countries of publication. B Network mapping of cooperation relationships 
among the main countries. C Visualization of global mapping of publications and collaboration relationship
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of journals and co-cited journals was evaluated by 
VOSviewer software (Fig. 6A, B), the division of highly 
productive journals and co-cited journals were divided 
into five different colored clusters, and the journals 
in the same-colored cluster had a strong correlation. 
With this visual analysis, it is possible to observe more 
directly that Frontiers in Pharmacology have a strong 
collaborative relationship with Frontiers in Immunol-
ogy and International Immunopharmacology.

Co‑cited references and references burst
CiteSpace was utilized for the co-cited references and ref-
erence bursts related to pyroptosis and fibrosis research. 
Table  4 presented some detailed information about the 
top 10 most co-cited articles in this research area, includ-
ing title, number of citations, first author, centrality, and 
journal. Of these publications, Cleavage of GSDMD by 
inflammatory caspases determines pyroptotic cell death 
was the most cited reference. Additionally, 9 of the 10 

Fig. 4  Analysis of distribution and cooperation between the major institutions of publications

Table 2  Top 10 authors and co-cited authors related to pyroptosis and fibrosis

Author Documents Citations Average 
citations

Affiliation H-index Co-cited author Co-citations

1 Feldstein, A. E 11 1331 121 University of California San Diego 72 Shi, J. J 211

2 Tao, H 7 76 10.86 Anhui Medical University 10 Wree, A 199

3 Hoffman, H. M 6 1062 177 University of California San Diego 58 Kayagaki, N 122

4 Li, Y 6 395 65.83 Helmholtz-Center for Infection Research 42 Liu, X 91

5 Pelegrin, P 6 546 91 Biomedical Research Institute of Murcia 57 Zhang, Y 91

6 Zhang, L 6 229 38.16 Jinan University 14 Mridha, A. R 85

7 Zhou, Y 5 234 46.8 Soochow University 8 Broz, P 83

8 Zhang, J 5 177 35.4 Shanghai Jiao Tong University 5 Gaul, S 75

9 Liu, Q 5 139 27.8 University of California, San Francisco 20 Man, S. M 73

10 Li, H 5 132 26.4 Shandong University 1 Lamkanfi, M 72
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most cited references in the field of pyroptosis and fibro-
sis research were published in Q1 and three in Nature, 
most of which were published after 2014. Based on these 
popular references, it can also be found that NLRP3 and 
inflammasome are frequent terms in this field. As dis-
played in Fig. 7, There were the top 25 references with the 
strongest citation bursts. And among these publications, 
all references’ citation burstness appeared from 2012 to 
2024. It is worth noting that 5 references were in burst-
ness until 2024. As for the strongest burstness, an arti-
cle entitled “Inflammatory caspases were innate immune 
receptors for intracellular LPS” with a strength of 13.79 
came out in Nature by Shi, J. J. et  al. in 2015. Further-
more, its citation burstness was from 2016 to 2020.

Frequency of keyword occurrence and clustering analysis
The frequency of keyword occurrence in the research of 
pyroptosis and fibrosis from 2010 to 2024 was analyzed 
and visualized by VOSviewer and CiteSpace. According 
to Table 5, the top 5 keywords included pyroptosis (332), 
fibrosis (198), activation (153), NLRP3 inflammasome 
(147), and inflammation (117). The co-occurrence net-
work visualization of these keywords is shown in Fig. 8. 
Node size represents the frequency of the keyword, while 
the distance between nodes reflects the strength of their 
cooperative relationship. All keywords were divided into 
six clusters, and the more closely related keywords were 
assigned to the same cluster, indicating the critical top-
ics in the domain of pyroptosis and fibrosis research. 

Fig. 5  Visualization diagrams of the distribution of A the authors and B the co-cited authors involved in research on pyroptosis and fibrosis

Table 3  Top 10 journals and co-cited journals related to fibrosis and pyroptosis

Rank Journal Count IF (2023) JCR (2023) Co-cited journal Citation IF (2023) JCR (2023)

1 Frontiers in Immunology 19 5.7 Q1 Nature 1116 50.5 Q1

2 International Journal of Molecular 
Sciences

18 4.9 Q1 Hepatology 813 12.9 Q1

3 Frontiers in Pharmacology 16 4.4 Q1 Journal of Hepatology 735 26.8 Q1

4 International Immunopharmacology 16 5.8 Q1 Cell Death and Disease 669 8.1 Q2

5 Biomedicine and Pharmacotherapy 14 6.9 Q1 Cell 542 45.5 Q1

6 Journal of Inflammation Research 13 4.2 Q2 Frontiers in Immunology 538 5.7 Q1

7 Cells 11 5.1 Q2 International Journal of Molecular 
Sciences

507 4.9 Q1

8 PLOS One 11 2.9 Q1 PLOS One 446 2.9 Q1

9 Scientific Reports 11 3.8 Q1 Journal of Immunology 460 3.6 Q2

10 Ecotoxicology and Environmental 
Safety

11 6.2 Q1 Proceedings of the National Academy 
of Sciences of the United States of 
America

458 9.4 Q1
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As shown in Fig. 8, we can view green, red, orchid, blue, 
yellow, and purple clusters. Green clustering keywords 
were powerfully relevant to pyroptosis and liver fibrosis, 
such as “NLRP3 inflammasome,” “oxidative stress,” “liver 

fibrosis,” and “hepatocyte pyroptosis.” Red clustering key-
words were associated with the pathogenesis of fibrosis, 
including “fibrosis,” “inflammasome,” “pathogenesis,” 
and “gasdermin D.” The keywords for the orchid cluster 

Fig. 6  Network visualization graphs of distribution and connection of A the journals and B co-cited journals on the studies of pyroptosis 
and fibrosis

Table 4  Top 10 co-cited references related to fibrosis and pyroptosis

Rank References Citations First author Affiliation Journal Publication year

1 Cleavage of GSDMD by inflammatory 
caspases determines pyroptotic cell 
death

112 Shi, J. J Beijing Stanford University School 
of Humanities and Science

Nature 2015

2 NLRP3 inflammasome activation 
results in hepatocyte pyroptosis, liver 
inflammation, and fibrosis in mice

109 Wree, A University of California San Diego Hepatology 2014

3 NLRP3 inflammasome blockade 
reduces liver inflammation and fibro-
sis in experimental NASH in mice

84 Mridha, A University of Sydney J Hepatol 2017

4 Pyroptosis: gasdermin-mediated 
programmed necrotic cell death

78 Shi, J. J Beijing Stanford University School 
of Humanities and Science

Trends Biochem Sci 2017

5 Hepatocyte pyroptosis and release 
of inflammasome particles induce 
stellate cell activation and liver 
fibrosis

75 Gaul, S University of California San Diego J Hepatol 2021

6 Inflammasome-activated gasdermin 
D causes pyroptosis by forming 
membrane pores

68 Liu, X Harvard Medical School Nature 2016

7 Pyroptosis: host cell death 
and inflammation

64 Bergsbaken, T Rutgers University Biomedical & 
Health Sciences

Nat Rev Microbiol 2009

8 Caspase-11 cleaves gasdermin D 
for noncanonical inflammasome 
signalling

63 Kayagaki, N Genentech Physiol Chem Dept Nature 2015

9 Gasdermin D plays a key role 
as a pyroptosis executor of nonal-
coholic steatohepatitis in humans 
and mice

58 Xu, B Nanjing University J Hepatol 2018

10 Gasdermin D is an executor of pyrop-
tosis and required for interleukin-1β 
secretion

45 He, W. T Scripps Research Institute Cell Res 2015
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focused on the relationship between pyroptosis and car-
diac fibrosis, including “pyroptosis,” “dysfunction,” and 
“cardiac fibrosis.” The blue keyword cluster was in con-
nection with pulmonary fibrosis harbored “inflamma-
tion,” “mechanism,” and “pulmonary fibrosis.” The yellow 

keyword cluster was dominated by different modes of 
cell death, such as “apoptosis” and “necroptosis.” Further-
more, the keywords for the purple cluster were mainly 
linked to autophagy in the development of fibrosis, con-
sisting of “activation,” “expression,” and “autophagy.” 
As shown in Fig. 8B, we presented the top 15 keywords 
with the most robust citation bursts. Among them, cas-
pase 1 was the keyword with the strongest citation burst 
(strength = 4.06). Before 2016, the research hotspots were 
mainly concentrated on inflammation, cell death, and 
caspase 1 activation. However, after 2016, researchers put 
more effort into NLRP3, fatty liver disease, and therapy. 
The keyword “pathway” remained a buzzword between 
2022 and 2024, suggesting that it is of great significance 
to explore the mechanism of pyroptosis and potential 
biomarkers for the diagnosis and treatment of fibrosis. 
Figure  8C displays the development and transformation 
of keywords in each cluster. It enables us to better real-
ize the changes of a particular topic in one research field 
over time and understand promptly the field’s develop-
ment and frontiers.

Fig. 7  CiteSpace visualization map of the top 25 references with the strong citation bursts involved in fibrosis and pyroptosis research

Table 5  Top 10 keywords related to fibrosis and pyroptosis

Rank Keyword Occurrence

1 Pyroptosis 332

2 Fibrosis 198

3 Activation 153

4 NLRP3 inflammasome 147

5 Inflammation 117

6 Apoptosis 108

7 Oxidative stress 87

8 Cell death 73

9 Injury 67

10 Expression 66
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Discussion
Fibrotic diseases, characterized by the progressive 
pathological deposition of fibrotic tissue in multifarious 
organs, constitute one of the most significant causes of 
disability and death worldwide [52]. They have protean 
clinical features and can occur in virtually all organs, 
including the cardiac, pulmonary, pancreatic, kid-
ney, liver, skin, and eye [2, 10, 14, 17, 25, 29, 44, 48]. 
The fibrogenic progress is a continuous and circulat-
ing developing process. Namely, primary organ injury 
occurs under various stimuli, and related fibrogenic 
effector cells are sustainably activated and reproduce 
abundant extracellular matrix protein and cytokines, 
etc. [6, 30]. This chain of dynamic events causes the 

formation of organ scars, further promotes the pro-
gression of organ fibrosis, and ultimately leads to organ 
dysfunction and even failure. Therefore, prevention and 
treatment of fibrosis are of decisive significance for the 
prognosis of fibrotic diseases, which need more atten-
tion and concern.

Bibliometric analysis is an effective and efficient 
method of literature analysis, which can capture the 
features and hotspots of publications and contribute 
to researchers promptly understanding an unfamiliar 
territory [38]. In this paper, through adopting Web of 
Science data and bibliometric methods, we have taken 
scientific papers as an important form of research 
output to comprehensively sort out and describe the 

Fig. 8  A Visualization graph of keywords co-occurrence network and clusters in pyroptosis and fibrosis research. B CiteSpace visualization map 
of the top 25 keywords with the strongest citation bursts involved in pyroptosis and fibrosis. C Clustering analysis of keywords timeline viewer 
on pyroptosis and fibrosis



Page 12 of 15Zhu et al. Systematic Reviews          (2024) 13:279 

research output model, academic influence, national 
and regional distribution, international cooperation, 
and other aspects of this field from the perspective 
of pyroptosis and fibrosis. Although this quantitative 
analysis cannot provide a comprehensive understand-
ing of the details of research on pyroptosis and fibrosis, 
it can reveal the current research status and develop-
ment trends of pyroptosis and fibrosis research based 
on several characteristics.

Numerous studies have confirmed that pyroptosis can 
regulate inflammatory damage, signal transduction, and 
cell growth to affect the pathological process of fibrotic 
diseases [45]. However, research on the mechanism 
of pyroptosis in fibrotic diseases is still in its infancy. 
According to the data in the WoSCC database from 2010 
to 2024, 566 articles have been published in this domain 
by 3833 researchers in 129 countries/regions. Since one 
article was published in this field from 2000 to 2010, the 
period chosen for this paper was from 2010 to 2024. It 
can be seen from Fig.  2 that the quantity of papers in 
this area has gradually increased over the past 15 years, 
especially in the period from 2018 to 2024, demonstrat-
ing that the studies of pyroptosis have captured more and 
more attention of scholars worldwide in the progression 
of fibrotic diseases. Analyzing the distribution of coun-
tries, regions, and institutions in Table  1 and Fig.  3, we 
found that the correlative research of pyroptosis and 
fibrosis across different countries or regions has been 
unbalanced. Among them, China was the world leader 
in terms of the number of publications, indicating China 
has a growing respect for exploring the function and 
mechanism of pyroptosis in fibrotic diseases and had 
a significant increase in the disciplinary output in this 
field. However, the centrality of China (centrality = 0.59) 
was less than that of the USA (centrality = 0.61), which 
implied that the USA occupies a more important posi-
tion in international cooperation and is more influential 
in the field. Abundant and influential papers are more 
readily available through cooperation between countries 
or regions.

In terms of author publications and co-citation data in 
Table  2 and Fig.  5, Feldstein, A. E. was the author with 
the highest number of publications, while Tao, H., Hoff-
man, H. M., Li, Y., Pelegrin, P., and Zhang, L. from dif-
ferent countries rank next, indicating that these authors 
had a strong interest in this field. Professor Feldstein, A. 
E. had published 11 papers focused primarily on the rela-
tionship between pyroptosis and liver fibrosis, 3 of which 
investigated that the NLRP3 (NOD-, LRR-, and pyrin 
domain-containing protein 3) inflammasome causes and 
exacerbates the progression of liver fibrosis via activating 
pyroptosis [16, 22, 53]. Professor Feldstein, A. E. also dis-
covered that SMS1(sphingomyelin synthase 1) mediated 

hepatocyte pyroptosis through a novel DAG-PKCd-
NLRC4 axis and is expected to be a therapeutic target for 
nonalcoholic steatohepatitis (NASH) [26]. The remain-
ing three papers reviewed research advances between 
inflammation, pyroptosis, and liver fibrosis in alcoholic 
and nonalcoholic liver diseases [1, 37, 54]. Besides, Tao, 
H. studied more on the relationships between fibrosis 
and pyroptosis in diabetic fibrosis, especially the connec-
tion between the regulation of various RNAs and fibro-
sis in diabetic cardiomyopathy. The research found that 
an upregulated miR-21 passenger strand (miR-21-3p) 
could promote cardiac fibroblast pyroptosis and fibro-
sis in a diabetic cardiomyopathy model by downregulat-
ing its target androgen receptor [43]. It was also revealed 
that methylation of DNMT3A reduced the expression of 
lncRNA Neat1 and promoted cardiac fibroblasts pyrop-
tosis and cardiac fibrosis [12]. Moreover, it can be seen 
in Fig. 6 and Table 4 that the top-ranked co-cited author 
was Shi, J. J. with 211 citations. An article published by 
Shi, J. J. et al. in 2015 was at the top of the co-cited ref-
erences (112 citations) and first elaborated that inflam-
matory caspase-stimulated cleavage of GSDMD plays a 
key role in pyroptosis as well as inflammation-induced 
fibrosis [42]. Additionally, according to the journals and 
co-cited journals in Table  3, the journal with the most 
publications about pyroptosis and fibrosis was Frontiers 
in Immunology (n = 19), followed by International Jour-
nal of Molecular Sciences (n = 18), and Frontiers in Phar-
macology (n = 16), indicating that publications in this 
field were highly relevant to inflammation and immunol-
ogy. The co-cited journals like Nature (1116), Hepatol-
ogy (813), and Journal of Hepatology (735) are extremely 
influential in the medical field, and citing these articles 
also enhances the credibility of the publications.

NLRP3 inflammasomes have become hotspots and 
have played a crucial role in the field of pyroptosis 
and fibrosis in recent years. In terms of keywords in 
Table 5 and Fig. 8, whether it is the frequency of key-
word occurrences, the number of citation bursts the 
timeline graphs, and inside the most cited publications, 
NLRP3 has a dense occurrence. According to Table 4, 3 
of the top 10 publications in total citations were related 
to NLRP3. NLRP3 inflammasome, an essential mem-
ber of the NLRs family, is the most important compo-
nent of pattern recognition receptors (PRRs) and can 
be activated via multiple pathways to mediate pyrop-
tosis [51]. In the classic pathway of pyroptosis, NLRP3 
oligomerization is caused by the treatment of cells by 
lipopolysaccharide (LPS) (or other toll-like receptor 
ligands) with one of pathogen-associated molecular 
patterns (PAMPs)/damage-associated molecular pat-
terns (DAMPs) [5, 46]. The adapter apoptosis-associ-
ated speck-like protein containing a CARD (ASC) and 
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effector caspase-1 are recruited downstream through 
PYD-PYD and CARD-CARD interactions to assemble 
into the NLRP3 inflammasome [9, 32]. The inflamma-
some serves as a platform that induces caspase-1 to 
cleave the substrates pro-IL-1β and pro-IL-18, as well 
as the pore-forming protein gasdermin D, thus leading 
to pyroptosis [21], whereas in the nonclassical pathway 
it has been found that NLRP3 inflammasome may be 
activated by caspase-11 directly sensed by caspase-11 
after infection by gram-negative bacteria to activate 
IL-1β, IL-18, and gasdermin D, leading to pyroptosis 
[23, 41, 42]. In 2014, Were, Alexande directly pointed 
out the critical effect of NLRP3 inflammasome in liver 
fibrosis and pyroptosis. In mice with elevated NLRP3 
expression, the number of pyroptosis-associated 
characteristic caspase-1 and PI double-positive cells 
was significantly increased. The hepatic stellate cell 
(HSC), strongly associated with the development of 
hepatic fibrosis, was activated, and collagen deposition 
appeared in the liver [53]. NLRP3-mediated cell death 
was inhibited by blockade of caspase-1 and inhibition 
of gasdermin D activation, suggesting that pyroptosis 
may be the main mode of NLRP3-mediated cell death. 
Whereas mice undergo fibrosis in the presence of Nlr-
p3KI CreA, this was due to phagocytosis of extracel-
lular NLRP3 inflammatory vesicle particles by hepatic 
stellate cells, leading to increased IL-1β secretion and 
α-SMA expression [15]. Meanwhile, in 2014, Luo, B. B. 
et  al. found that silencing NLRP3 in H9c2 cardiomyo-
cytes was enabled to inhibit pyroptosis and ameliorated 
myocardial inflammation and fibrosis in a diabetic car-
diomyopathy fibrosis model [33]. And in 2019, Qiu, 
Z. et  al. found that lipopolysaccharide (LPS) activates 
the NLRP3 inflammasome in H9C2 cardiomyocytes by 
upregulating ROS production to induce further pyrop-
tosis as well as fibrosis in their study of exacerbated 
I/R injury in diabetes [40]. In addition, NLRP3 plays a 
bridging function in kidney fibrosis. In 2014, Lorenz, 
G. et  al. reviewed NLRP3 inflammasome in the kid-
ney through activation of IL-1β, IL-18, and pyroptosis 
leading to renal inflammation and fibrosis [31]. And 
Krishnan, S. M. et al. in 2019 found that NLRP3 inhibi-
tor MCC950 effectively inhibited inflammation and 
fibrosis in the kidney [28]. In unilateral ureteral occlu-
sion, both NLRP3 and caspase-1 expression were sig-
nificantly elevated, while renal fibrosis was reduced in 
the NLRP3 − / − condition [18, 50]. Finally, in the lung, 
NLRP3 also plays a central function in pyroptosis and 
fibrosis. In a mouse silicosis model, researchers found 
that bone marrow MSC treatment reduced the expres-
sion of NLRP3; cleaved caspase-1, IL-1β, and IL-18; 

inhibited pyroptosis; and attenuated lung fibrosis [57]. 
Overall, NLRP3 plays an important associative role 
between pyroptosis and fibrosis in different organs, 
indicating the close correlation between NLRP3 inflam-
masome, fibrosis disease, and pyroptosis.

As the first bibliometric analysis of pyroptosis in 
fibrotic diseases, this research is of great importance, 
but some limitations should be taken into account 
when analyzing these results. Firstly, all publications 
were searched using the Web of Science database with 
an authoritative and extensive database containing a 
vast majority of papers in the field, and some publica-
tions were omitted because they were not included in 
this database. Secondly, due to a continuously updated 
process of research in this field, recent articles will 
inevitably continue to be published, but not included in 
this paper after the search has been completed in the 
period. Finally, the bibliometric analysis tools do not 
introduce more analysis that reflects the quality indi-
cators of the articles, which can also make the results 
not comprehensively and effectively reflect the critical 
authors or publications in the field. Despite the limi-
tations mentioned above, we are of the opinion that 
this study can prove the overall progress and tendency 
of relevant research on the effect of pyroptosis in the 
development of fibrosis. Moreover, it provides signifi-
cant insights and a ponderable reference for research-
ers to acquire objective data in fibrosis and pyroptosis 
research.

Conclusion
In summary, this study is the first bibliometric analysis 
based on the results of VOSviewer and CiteSpace explor-
ing the contributions of countries, institutions, jour-
nals, authors, references, and keywords to analyze the 
research status and trends on pyroptosis and fibrosis for 
the past 15 years. The most publications and the top 10 
research institutions in this domain were mainly from 
China. Feldstein, A. E. was the academic authority in this 
area in terms of the number of publications. Frontiers in 
Immunology was the journal with the most publications 
in this field, while Nature was the journal with the most 
citations. Research directions are mainly concerned with 
the mechanisms of pyroptosis in fibrotic diseases. These 
findings will enable researchers to better seek capa-
ble researchers to look for academic collaboration and 
exchange with authoritative scholars in the field, to keep 
abreast of present directions, and to explore future devel-
oping perspectives in pyroptosis and fibrotic diseases 
research.
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