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The NACHT, leucine-rich repeat, and pyrin domain-containing protein 3 (NLRP3) inflammasome plays an essential role in
myocardial infarction (MI) development. Up to now, no bibliometric analyses of NLRP3 in MI have been performed.
Publications related to NLRP3 in MI from 1 January 2013 to 20 August 2024 were extracted from the Web of Science Core
Collection (WoSCC). HistCite Pro, CiteSpace, VOSviewer, Scimago Graphica, and bibliometric online analysis program were
used for bibliometric analysis and visualization. The impact of publications was assessed using the total global citation score
(TGCS). A total of 324 articles (284 articles and 40 reviews) were included. China has published the most in this field, followed
by the United States. Harbin Medical University was the leading institution for research related to NLRP3 in MI. Professor
Abbate A. from the United States has made significant achievements in this field. International Immunopharmacology was the
most active journal and Journal of Cardiovascular Pharmacology was the most cited journal. This study systematically
summarizes the research results of NLRP3 in MI over the past 12 years. NLRP3 in myocardial ischemia-reperfusion injury
(MIRI) will become a hot research topic, and translational research on NLRP3 inhibitors in MIRI will benefit a greater number
of patients.
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1. Introduction

Myocardial infarction (MI) is the result of coronary artery
occlusion, which leads to irreversible damage due to severe
and persistent myocardial ischemia [1, 2], and is the leading
cause of death worldwide. Even though a timely reperfusion
procedure remains the most effective strategy for reducing
ischemia injury, limiting infarct size, and improving clinical
outcomes [3], it was recognized early on that reperfusion

may paradoxically lead to exacerbated and accelerated injury
in the myocardium, referred to as myocardial ischemia—
reperfusion injury (MIRI). As soon as the blood flow and
oxygen delivery are restored, a sterile inflammatory response
is activated [4]. While this response is essential to guarantee
the healing of wounded tissue, uncontrolled or exuberant
inflammation becomes a mechanism of disease, which
greatly enhances MI-derived damage [5]. Sterile inflamma-
tory response is initiated by the detection of damage-
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associated molecular patterns (DAMPs) via intracellular
pattern recognition receptors (PRRs) [6], and intracellular
Nod-like receptors (NLRs) have been recognized to be sig-
nificant mediators of inflammatory responses within these
PRRs [7, 8].

The most studied inflammasome is NACHT, leucine-
rich repeat (LRR), and pyrin domain (PYD)-containing
protein 3 (NLRP3), a PRR that belongs to the NLR family
[9]. NLRP3 is an intracellular guardian that can sense dan-
ger signals, such as tissue injury and microbial infection,
leading to the induction of immune responses [10]. When
activated by multiple stimuli, NLRP3 interacts homotypi-
cally with the adapter protein apoptosis-associated speck-
like protein containing a caspase recruitment domain
(ASC). It recruits caspase-1 and activates it to form intracel-
lular multiprotein complexes called inflammasome [11, 12].
The NLRP3 inflammasome plays a crucial role in sterile
inflammatory as a bridge to the immune inflammatory
response. It has been shown that ischemia and reperfusion
injury induce activation of NLRP3 inflammasome, leading
to a second wave of inflammatory insults within minutes
to hours of reperfusion [13]. Inhibition of the NLRP3
inflammasome pathway is thought to exert myocardial pro-
tection in the MIRI model [14]. These reports imply that the
NLRP3 inflammasome may play a pivotal role in the patho-
physiology of MI and may suggest that inhibition of the
NLRP3 pathway could offer a viable therapeutic option.
Given the active and promising research on the role of
NLRP3 in MI, it is necessary to analyze the hotspots and
trends in this field.

Bibliometrics is a sophisticated literature research
methodology for quantitative and qualitative analysis of
published papers. The analysis of NLRP3 in the field of
MI, using literature visualization, enables a rapid under-
standing of the trends in the field. Targeting high-quality
authors and high-productivity research organizations,
research topics with credible and convincing high-quality
literature can be quickly identified to accelerate the intro-
duction process of scientific research. Although studies
related to NLRP3 in MI have been reviewed from multiple
perspectives currently, there is still a lack of visual analyses
and summaries of their publication trends, main authors,
and research hotspots. This paper analyzes the publica-
tions related to NLRP3 in MI using bibliometrics to visu-
alize the distribution of annual publications, countries,
institutions, authors, source journals, keywords, and coci-
tations in Web of Science (WoS) for 2013-2024. It is
aimed at portraying the characteristics, status, research
priorities, and trends of studies related to NLRP3 in MI
and at providing insights that point to future research
directions.

2. Materials and Methods

There are no animal or human studies presented in this
manuscript, and there are no potentially identifiable human
images or data. Therefore, ethical approval is not required
for this work.
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2.1. Data Collection. The literature search was performed on
the Web of Science Core Collection (WoSCC) on August 20,
2024. The search strategy employed was as follows: a combi-
nation of the following terms related to the NLRP3 inflam-
masome: “TS = [(NLRP3) OR (NLRP3 inflammasome) OR
(NLR Family Pyrin Domain Containing 3 Protein) OR
(Nod-like receptor protein 3 inflammasome)],” and terms
related to MI: “TS = [(myocardial infarction) OR (Myocar-
dial Infarctions) OR (Infarction, Myocardial) OR (Infarc-
tions, Myocardial) OR (Myocardial Infarct) OR (MI)].”
The search strategy is illustrated in Figure 1. Only articles
and review articles published in English and meeting the
specified inclusion criteria were considered for the analysis.
The search process was conducted independently by two
authors (Y.H.J. and R.H.), who ensured that all relevant
studies were captured. All records, including references cited
within the studies, were exported in plain text format for fur-
ther analysis.

2.2. Data Analysis. In this study, HistCite Pro (version 2.1)
was used to count records, total local citation scores
(TLCSs), and total global citation scores (TGCSs) for each
publication, journal, country, institution, and author.

VOSviewer (version 1.6.19) is a free software with pow-
erful bibliometric mapping features [15]. In our study, the
software mainly accomplished the following analyses: insti-
tutional collaboration, journal cocitation, keyword co-occur-
rence, author collaboration, author cocitation, reference
cocitation, etc. The linkage between the nodes indicates the
co-occurrence relationship, and the magnitude of the linkage
indicates the frequency of co-occurrence of the two nodes.

CiteSpace (version 6.3.R1), another citation visualization
and analysis tool developed by Professor Chen [16], was
used for cluster analysis, co-occurrence analysis, and refer-
ence and keyword citation burst analysis.

Scimago Graphica (version 1.0.42) is a novel data visual-
ization authoring tool that can be used for describing the
global distribution map of academic research in this field
and providing geographic distribution maps of publications.

In addition, the online bibliometrics website (https://
bibliometric.com/app) was used to visualize international
collaboration. Microsoft Excel 2021 was used to provide
analysis of annual trends in the number of publications.

3. Results

A total of 324 publications (284 articles and 40 reviews)
spanning a 12-year period (2013-2024) were included with
a total of 10,549 citations.

3.1. Global Overview of Publication Output. The number of
studies on NLRP3 in MI has trended upward over the past
12 years, from 2 in 2013 to 61 in 2023, while the number
of publications in 2024 was lower than that in 2023, proba-
bly because the search results included only two-thirds of
the year 2024, as shown in Figure 2. Between 2013 and
2016, the number of annual publications was low, remaining
at the single-digit level each year. However, since 2017, the
number of annual publications has shown a clear trend of
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FIGURE 3: Visualization of countries. (a) The geographic distribution map based on the total literatures of different countries/regions. (b)
Top 10 countries based on publication numbers every year. (c) The network visualization map of country coauthorship analysis. (d) The
overlay visualization map of country coauthorship analysis. The node color reflected the corresponding average appearing year (AAY)

according to the color gradient in the lower right corner.

growth, particularly between 2019 and 2022, when the num-
ber of annual publications peaked, with nearly 70 publica-
tions in 2022. Publication output has grown rapidly, with
the achievement of reaching a cumulative total of 324 publi-
cations in 2024.

The number of national publications was analyzed to
investigate the countries/regions contributing most to the
field. The analysis revealed that a total of 31 countries/
regions have published in the relevant field, as shown in
Figure 3(a), which showed the geographical distribution of
publications, indicating that research is concentrated in
Asia, North America, and Europe. The top-contributing
countries were highlighted based on the number of publica-
tions (Figure 3(b), Table 1), where China ranked first with
251 (71.51%) publications, followed by the United States
(n=41, 11.68%), Italy (n=17, 4.84%), Norway (n=3,
2.28%), and Australia (n=7, 1.99%). A visual map of

TasLE 1: Top 10 active countries/regions.

Rank Country/region Publications Percent TLCS TGCS

1st China 251 71.51% 300 5948
2nd United States 41 11.68% 493 4095
3rd Ttaly 17 4.84% 106 798
4th Norway 8 2.28% 121 740
5th Australia 7 1.99% 7 623
6th Netherlands 7 1.99% 40 557
7th Japan 7 1.99% 102 478
8th Sweden 5 1.42% 3 360
9th Germany 4 1.14% 23 300
10th Canada 4 1.14% 2 203
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TaBLE 2: Top 10 most active institutions and cited institutions.
Rank Most active institutions Most cited institutions
Institutions Publications TLCS TGCS Institutions Publications TLCS TGCS
Ist Harbin Med Univ 16 42 520 Virginia Commonwealth Univ 13 219 1529
2nd Fudan Univ 14 9 329 Univ Oslo 8 119 732
3rd Virginia Commonwealth Univ 13 219 1529  VCUJohnson Cur Crit 2 120 676
Care & Pulm Res
4th Wuhan Univ 12 363 Norwegian Univ Sci & Technol 3 93 622
5th  China Acad Chinese Med Sci Sciences 10 172 Harbin Med Univ 16 42 520
6th Zhengzhou Univ 10 110 Univ Queensland 4 6 508
7th Guangzhou Univ Chinese Med 8 19 134 Div Cardiothorac Surg 1 78 429
8th Nanjing Med Univ 8 6 78 Pauley Heart Ctr 1 78 429
9th Nanjing Univ Chinese Med 8 4 151 Sch Pharm 1 21 393
10th Univ Oslo 8 119 732 Univ Colorado Denver 1 21 393
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FIGURE 4: Visualization of institutions. (a) The network visualization map of journal coauthorship analysis. (b) The overlay visualization

map of journal coauthorship analysis.

national collaboration networks was constructed using
online bibliometric websites, shown in Figure 3(c). China
and the United States are the countries at the center of these
publications and maintain strong collaborative relationships
with several countries. Meanwhile, VOSviewer conducted an
overlay visualization map of the country coauthorship anal-
ysis, with nodes colored concerning time, as shown in
Figure 3(d). Countries labeled in green, such as China, Can-
ada, and Italy, are relatively new researchers, while Norway,
Spain, and Sweden are older researchers.

3.2. Analysis of Institutional Output and Collaboration. In
general, a total of 416 institutions conducted research related
to MI and NLRP3. The top 10 institutions are shown in
Table 2. The majority of publications among these institu-
tions were contributed by Harbin Medical University
(n=16), followed by Fudan University (n=14), Virginia
Commonwealth University (VCU) (n = 13), Wuhan Univer-
sity (n=12), and China Academy of Chinese Medical Sci-
ences (n=10). VCU had the highest TGCS (1529
citations), followed by the University of Oslo (732 citations)
and VCU Johnson Center for Critical Care and Pulmonary
Research (676 citations). Coauthorship analysis was also
conducted to investigate the collaborative relationships

between institutions, with the size of the dots representing
the number of articles published by the institutions and the
color of the dots representing the clustering of the institu-
tions, as shown in Figure 4(a). Harbin Medical University,
Fudan University, and Zhengzhou University demonstrated
high academic output in this research area and had extensive
collaborations with other institutions. The red cluster was
concentrated around Fudan University and contained the
largest number of institutions (n=12). By analyzing the
coauthorship plus time overlap of the institutions, as shown
in Figure 4(b), the institutions represented by University of
Oslo and VCU were the early researchers in the field. While
Harbin Medical University, Fudan University, and Zheng-
zhou University in China have been active in the field of
NLRP3 and MI in recent years.

3.3. Analysis of Journals. One hundred and sixty-nine jour-
nals were involved in the publication of articles on NLRP3
in ML Table 3 lists the top 10 journals based on the number
of publications, with 25% of the publications being included.
Among these, International Immunopharmacology (n=14)
published the most articles in this area, followed by Journal
of Cardiovascular Pharmacology (n = 9) and Journal of Cellu-
lar and Molecular Medicine (n =9). Among the top 10 active



Cardiovascular Therapeutics 7
TaBLE 3: Top 10 most active journals.
Rank Journals Country Publications  IF (2023) JCR (2023) TGCS
Ist International Immunopharmacology Netherlands 14 4.8 Q2 319
2nd Journal of Cardiovascular Pharmacology United States 9 2.6 Q2 644
3rd Journal of Cellular and Molecular Medicine England 9 4.3 Q2 222
4th Oxidative Medicine and Cellular Longevity United States 8 7.31 Q2 545
5th Evidence-based Complementary and Alternative Medicine England 8 2.65 Q3 58
6th Biomedicine & Pharmacotherapy France 7 6.9 Q1 182
7th Phytomedicine Germany 7 6.7 Q1 209
8th Journal of Molecular and Cellular Cardiology England 7 4.9 Q1 295
9th Biochemical and Biophysical Research Communications ~ United States 6 2.5 Q3 171
10th Molecular and Cellular Biochemistry Netherlands 6 3.5 Q3 76
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FIGURE 5: Visualization of journals. (a) The network visualization maps of citing journals. (b) The network visualization maps of cocited

journals. (c) The dual-map overlay of journals from 2013 to 2024.

journals, Oxidative Medicine and Cellular Longevity had
the highest impact factor (IF) (7.31) and Journal of Car-
diovascular Pharmacology had the highest total citations
(TGCS=644) in Journal Citation Reports (JCR). Seventy
percent of the journals were categorized as Q2 or Q3. In
addition, VOSviewer was used to create a network visual-
ization of citing and cocited journals, as shown in
Figures 5(a) and 5(b). The minimum number of citations
was 30, and a total of 109 cocited journals were included.
Circulation had the highest number of cocitations,

followed by Circulation Research and Cardiovascular
Research. To illustrate the distribution of citing and cited
journals, a double-map overlay was utilized, as depicted
in Figure 5(c). The citing journals are represented by geo-
graphic regions on the left, while the cited journals are
displayed on the right. Different line colors represent var-
ious disciplines. The citing journals are primarily associ-
ated with fields such as molecular, biology, and genetics,
while the cited journals predominantly relate to molecular,
biology, immunology, medicine, and clinical.



8 Cardiovascular Therapeutics
TaBLE 4: Top 10 most active authors and cited authors.

Rank Most active authors Most cited authors

Author Publications TGCS Cocited author Publications TGCS
1st Abbate A. 14 2035 Abbate A. 14 2035
2nd Toldo S. 12 1994 Toldo S. 12 1994
3rd Pagliaro P. 8 293 Marchetti C. 5 998
4th Penna C. 7 189 van Tassell B.W. 3 738
5th Mezzaroma E. 6 706 Mezzaroma E. 6 706
6th Zhou P. 6 49 Aukrust P. 4 649
7th Ge J.B. 6 244 Yndestad A. 4 649
8th Marchetti C. 5 998 Ranheim T. 3 627
9th Zhang M. 5 39 Zhang S.J. 4 613
10th Li X. 5 145 Mauro A.G. 4 582

3.4. Analysis of Authors and Cocited Authors. A total of 2079
authors were involved in MI and NLRP3 studies. In Table 4,
the most active author was Abbate A. (n = 14, TGCS = 2035),
followed by Toldo S. (n = 12, TGCS = 1994), Pagliaro P (n =8,
TGCS =293), Penna C (n=7, TGCS = 189), Mezzaroma E.
(n =6, TGCS =706). The authors” coauthorship network dia-
gram is depicted in Figure 6(a), with color intensity indicating
the time evolution of research collaborations. Abbate A. was
an early researcher with a sustained interest in the field. The
top 10 most cited authors are shown in Table 4. The five most
cited authors were Abbate A. (TGCS =2035), followed by
Toldo S. (TGCS = 1994), Marchetti C. (TGCS = 998), van Tas-
sell B.W. (TGCS =738), and Mezzaroma E. (TGCS = 706).
Cluster density maps for the author cocited analysis were
depicted using VOSviewer (Figure 6(b)), with a minimum
paper publication count of 2. A total of eight author clusters
were formed. Sixty-one authors with at least 20 citations were
included in the author cocited analysis, and the top three
authors for total link strength were Toldo S. (5429), Abbate
A. (3858), and van Tassell B.W. (2818).

3.5. Analysis of Publications and Cocited References. The
most cited publications in a particular field reveal the impact
of the research. Table 5 characterized the top 10 cited publi-
cations, all with more than 200 citations. The most cited
paper was “The NLRP3 Inflammasome in Acute Myocardial
Infarction” by Toldo S. in Nature Reviews Cardiology. More
than half of the articles were of article type. CiteSpace was
used for clustering analysis of reference keywords and visu-
alization of a timeline representation based on cocitation
clustering, as shown in Figures 7(a) and 7(b). The clusters
with different colors represent different research topics,
which are divided into 11 clusters in total. According to
the time of the cited references, the node size of the cluster-
ing reflects the research activity of the keyword in this
period, and it can be seen that the research hotspots have
been evolving and changing over time, and #11 ischaemia
reperfusion and #9 coronary artery disease are the earlier
research topics in the field, while #0 pyroptosis and #1
depression have shown strong continuity and activity in
recent years. To better understand the evolution of MI and
NLRP3-related research, the 20 most cited references on

CiteSpace were also explored (Figure 7(c)). The first cited
burst occurred in 2013 with an article published in 2011 by
Kawaguchi M. et al. The article published by Sandanger O.
et al. had the greatest burst intensity (13.8).

3.6. Analysis of Keywords and Themes. Trend assessment
and analysis of keywords are important for revealing
cutting-edge knowledge in a particular field. A total of
1310 keywords were collected in this study and keyword
co-occurrence network analysis was performed using VOS-
viewer software as shown in Figure 8(a). In Table 6, the top
20 most frequently occurring keywords were summarized
based on their frequency, with “NLRP3 inflammasome,”
“myocardial infarction,” “pyroptosis,” “inflammation,” and
“NLRP3” identified as the five most commonly used terms.
To better elucidate the relationship between these keywords
and the evolving trends in MI and NLRP3-related research, a
visual mapping of 39 keywords with at least 15 occurrences
is presented in Figure 8(b). In this mapping, dark blue indi-
cates earlier occurrences, while yellow represents more recent
occurrences. Keywords such as “inhibition,” “atherosclerosis,”
and “inflammasome” were associated with earlier research, as
indicated by their average time of occurrence. Notably,
research on the NLRP3 inflammasome surged significantly
after 2020, particularly in connection with emerging topics
such as oxidative stress and autophagy. A keyword cluster
analysis was also created via CiteSpace, and a total of 10 clus-
ters emerged, as shown in Figure 8(c), including #0 NLRP3
inflammasomes, #1 myocardial ischemia, #2 oxidative stress,
#3 time, #4 cardiac remodeling, #5 heart failure, #6 molecular
docking, #7 acute myocardial infarction, #8 interleukin-1 beta,
and #9 myocardial infarction. The modular Q-value and mean
silhouette S-value were both greater than 0.5. In addition to
quantitative analysis, this study also conducted a qualitative
analysis of the keywords. Figure 8(d) illustrates the evolution
of keywords across three phases of the field from 2013 to
2024, summarized using a Sankey diagram. In this diagram,
the bandwidth proportionally represents the frequency of
occurrences, with wider bands indicating higher frequency.
Figure 9 highlights the top 25 keywords with the most signif-
icant citation bursts in the field, with “inhibition,” “pathway,”
“reperfusion injury,” and “NLRP3 inflammasome activation”
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FIGURE 6: Visualization of authors. (a) The network visualization map of authors. (b) The cluster visualization map of author cooperation
analysis. Authors with close collaborative relationships are assigned to the same cluster with the same color. (c) The network visualization
map of cocited authors. The larger the node, the more citations were acquired.

showing the highest burst intensities. Notably, “pathway,”
“gasdermin D,” and “myocardial ischemia” are keywords that
continue to exhibit citation bursts through 2024.

4. Discussion

4.1. General Information. In this study, research data on the
NLRP3 inflammasome in MI were retrieved from the
WoSCC database and analyzed using bibliometric methods
to explore the research trajectory and trends in this field.
The analysis encompassed trends in publications, major
contributing countries, institutions, journals, authors, refer-
ences, and keywords. A total of 324 articles and reviews pub-
lished between 2013 and 2024 were retrieved. The first
article, published in 2013 by Hermansson et al. [17], sug-
gested that the NLRP3 inflammasome might be associated
with exacerbating ischemic myocardial injury. Based on the
annual publication count and growth trends, the research
can be divided into two phases: a slow-growth phase from

2013 to 2018, with fewer than 15 articles published per year,
and a fast-growth phase from 2019 to 2024, with more than
25 publications per year. This trend indicates that interest in
the NLRP3 inflammasome within the MI research commu-
nity is likely to remain strong in the coming years.

4.2. Country and Institution. In terms of countries and
regions studied, China had the highest number of publica-
tions, followed by the United States. However, in terms of
TLCS, the United States was the most cited country, with
China in second place, indicating that both countries have
had a significant presence in the field over the past 12 years.
The visualization map of intercountry cooperation networks
shows that China and the United States dominate the global
collaboration network, while other countries’ cooperation
tends to be more regionally focused. These intercountry
cooperation networks not only reflect partnerships in scien-
tific research but also reveal the influence of various factors,
such as politics and economics, on research collaboration.
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Top 10 references with the strongest citation bursts
References Year Strength Begin End 2013 - 2024

Kawaguchi M, 2011, CIRCULATION, V123, P594, DO1 10.1161/CIRCULATIONAHA. 11 0.982777, DOI 2011 8.42 2013 2016
Mezzaroma E, 2011, P NATL ACAD SCI USA, V108, P19725, DOI 10.1073/pnas.1108586108, DOl 2011 7.21 2013 2016
Sandanger O, 2013, CARDIOVASC RES, V99, P164, DOI 10.1093/cvr/cvt091, DOL 2013 13.8 2014 2018 —
Liu Y, 2014, BASIC RES CARDIOL, V109, P0, DO1 10.1007/s00395-014-0415-z, DOl 2014 8.99 2015 2019 —
Takahashi M, 2014, INT HEART J, V55, P101, DOI 10.1536/ihj.13-388, DOIL 2014 7.71 2016 2019 —
Marchetti C, 2014, ] CARDIOVASC PHARM, V63, P316, DO 10.1097/FJC.0000000000000053, DOI 2014 7.28 2016 2019 —
Toldo S, 2015, ANTIOXID REDOX SIGN, V22, P1146, DOI 10.1089/ars.2014.5989, DOI 2015 6.41 2016 2019 —
Coll RC, 2015, NAT MED, V21, P248, DOI 10.1038/nm.3806, DOl 2015 5.55 2016 2019 —
Toldo S, 2016, INT ] CARDIOL, V209, P215, DOI 10.1016/j.ijcard.2016.02.043, DOI 2016  5.15 2017 2021 —
Shi HR, 2021, CIRC RES, V129, P383, DO1 10.1161/CIRCRESAHA.120.318629, DOI 2021 4.74 2022 2024 —
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FIGURE 7: Visualization of references. (a) The cluster view map of reference cocitation analysis. (b) The timeline view map of reference
cocitation analysis. (c) The top 10 references with the strongest citation bursts. The bars in blue represented the timeline; the bars in red

represented a burst period of the references.

Although China entered this field later than some other coun-
tries, interest has grown rapidly in recent years, leading to a
steady increase in the number of published articles. National
economic support and international cooperation are likely to
further promote the overall development of this field. By ana-
lyzing the field from different perspectives, researchers can
gain a more comprehensive understanding of which countries
are currently leading and should be prioritized for collabora-
tion, particularly China, the United States, and Italy.

Given that China had the highest total number of publi-
cations, it is unsurprising that nearly all of the top 10 insti-
tutions were from China, underscoring the country’s
strong research capabilities. Harbin Medical University, in
particular, has made a significant contribution to this field.
Notably, while the University of Oslo in Norway ranks
10th in terms of total publications, it ranks second among
the top 10 institutions in terms of citations. This discrepancy
may be attributed to the university’s early involvement in the
field and its extensive original research, which has been
highly regarded for its depth and quality. Although Harbin
Medical University is the only Chinese institution among
the top 10 most-cited institutions, Fudan University, Guang-
zhou University of Chinese Medicine, and Zhengzhou Uni-
versity have been the most active in the last 2 years.
International academic exchanges and collaborations are
also on the rise; however, collaborations involving Chinese
institutions are primarily domestic. It is advisable to encour-
age greater partnerships between Chinese institutions and
their global counterparts.

4.3. Journal. Among the top 10 journals, 60% fall within JCR
Q2 or Q3, and they were categorized under immunology,
pharmacology, molecular and cellular biology, alternative
medicine, and cardiology. Notably, only one journal, Inter-
national Immunopharmacology, has published more than
10 articles on MI and NLRP3 research, indicating that this
field still requires substantial further investigation. More-
over, although China has made significant contributions to
this research area, most publications are still disseminated
through journals managed by Western countries. This sug-
gests that Asian countries, including China, could enhance
their efforts in developing journals dedicated to this field.
Furthermore, the cocitation of journals like Circulation and
Cardiovascular Research indicates that the most impactful
studies in this field are often interdisciplinary, combining
insights from cardiology, immunology, and molecular biol-
ogy. Future research could benefit from a similar multidisci-
plinary approach, integrating these domains to develop
more comprehensive therapeutic strategies against MI by
targeting the NLRP3 inflammasome pathway.

4.4. Author. In the co-occurrence analysis of authors, Profes-
sor Abbate A. from VCU emerges as a leading figure in
NLRP3-related research in the context of MI. He has not
only produced the highest number of publications but is also
among the earliest researchers in this domain. Professor
Abbate’s research primarily focuses on the role of the
inflammasome in ischemic MI, particularly the NLRP3
inflammasome [18, 19]. His 14 publications in this field have
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TaBLE 6: Top 20 keywords.

Rank Keyword Occurrence
Ist NLRP3 inflammasome 78
2nd Ischemia-reperfusion injury 78
3rd Myocardial infarction 78
4th Pyroptosis 70
5th Inflammation 70
6th NLRP3 66
7th Activation 50
8th Inflammasome 49
9th Injury 48
10th Apoptosis 78
11th Oxidative stress 44
12th Infarction 43
13th Inhibition 35
14th Expression 31
15th Heart 31
16th Mechanisms 31
17th Protects 29
18th Ischemia-reperfusion 26
19th Cells 25
20th Ischemia 25

been cited 2035 times, underscoring his significant contribu-
tions and the recognition he has garnered within the scien-
tific community.

Since 2014, Professor Abbate has consistently explored
the therapeutic potential of inhibiting inflammasome activ-
ity via NLRP3 to reduce infarct size following myocardial
ischemia/reperfusion (I/R) in mice [18]. His research has
since concentrated on identifying and testing inhibitors of
the NLRP3 inflammasome, contributing valuable insights
to the field [20]. Furthermore, Professor Abbate has closely
collaborated with Toldo S., with their joint research extend-
ing through 2024 [21]. Both authors have made substantial
contributions to the study of MI and NLRP3, and their work
is poised to continue influencing the field in the years to
come.

4.5. Reference. Among the 10 most cited articles, the most
frequently cited is a review by Toldo and Abbate [19], pub-
lished in Nature Reviews Cardiology in 2015, which focuses
on the role of the NLRP3 inflammasome in acute MI. The
second most cited article, authored by Abbate et al. [22]
and published in 2020, systematically summarizes the evi-
dence supporting the association between the NLRP3
inflammasome and IL-1 cytokines with the pathogenesis of
cardiovascular disease. Citation burst analysis, which indi-
cates the extent to which a reference is rapidly gaining atten-
tion and being widely discussed, reflects trends in the
popularity of particular research areas. The first significant
citation burst originated from a 2011 article by Kawaguchi
et al. [23], which elucidated the molecular basis of the initial
inflammatory response after I/R and proposed the inflam-
masome as a novel therapeutic target for the prevention of
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MIRI. This study provided a foundational direction for sub-
sequent research on MI and the NLRP3 inflammasome.
Additionally, a 2013 publication by Sandanger et al. [24]
demonstrated the highest burst intensity. In this study, they
observed that NLRP3-deficient mice undergoing postis-
chemic reperfusion of the heart showed significant improve-
ments in cardiac function and reductions in hypoxic injury
compared to wild-type mice.

4.6. Research Hotpots. Through the analysis of reference
timelines, keyword clustering, keyword bursts, and qualita-
tive keyword analysis, the current research frontiers and hot-
spots can be broadly categorized into the following three
aspects.

4.6.1. Response Mechanisms of NLRP3 in MI. An increasing
number of studies have identified NLRP3 as an initial sensor
of the sterile inflammatory response in the pathophysiology
of MI. During MI, NLRP3 is activated in response to nonin-
fectious stimuli, such as cellular debris, and plays a crucial
role in regulating the activation of caspase-1, as well as the
production and secretion of potent proinflammatory cyto-
kines, including IL-1 and IL-18 [25]. The activation of
caspase-1 can induce a specific type of cell death known as
pyroptosis. In this process, caspase-1 cleaves gasdermin D
(GSDMD), a key effector protein in pyroptosis, facilitating
the release of extracellular IL-1 and IL-18, which exacer-
bates myocardial injury. Further research has revealed that
the NLRP3 inflammasome exhibits distinct actions and
response mechanisms in different cardiac cell types. For
instance, in monocytes, fibroblasts, and endothelial cells,
activation of the NLRP3 inflammasome results in the release
of large amounts of IL-1f3 [26, 27]. In contrast, although the
NLRP3 inflammasome can form in cardiomyocytes, it
releases only minimal amounts of IL-1f [28]. Notably,
Marchetti et al. [29] demonstrated that in cardiomyocytes,
the activation of caspase-1 leads to the secretion of IL-18
and localized cell death through pyroptosis. These findings
highlight the involvement of the NLRP3 inflammasome in
the inflammatory response associated with MI. However,
further studies are required to deepen our understanding
of how the NLRP3 inflammasome is activated and how it
contributes to cellular pyroptosis in this context.

4.6.2. Role of NLRP3 Inflammasome in MIRI. Reperfusion
therapy, while essential for restoring blood flow after MI,
can paradoxically induce further myocardial injury. The
activation of the NLRP3 inflammasome in damaged cardio-
myocytes has been closely linked to inflammatory injury. In
I/R mouse cardiomyocytes, mitochondrial fission promotes
the production of reactive oxygen species (ROS), leading to
oxidative stress and subsequent activation of the NLRP3
inflammasome [30]. The pathophysiological role of the
NLRP3 inflammasome has also been highlighted by Sandan-
ger et al. [24], who demonstrated that in a mouse model of
MI, NLRP3 inflammasome expression was predominantly
upregulated in cardiac fibroblasts within ischemic myocar-
dium. Their study further revealed that cardiac fibroblasts
secrete IL-1f in response to extracellular ATP, which is
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Top 25 keywords with the strongest citation bursts

Keywords Year Strength Begin End 2013 - 2024
Disease 2013 2.56 2013 2015 =
Interleukin 1 f3 2013 1.98 2013 2014 ==
Coronary artery disease 2014 1.52 2014 2016 —
Cells 2013 2.02 2015 2020 —
Infarct size 2015 1.74 2015 2016 -
Acute myocardial infarction 2014 1.4 2015 2017 —
Fibrosis 2015 1.39 2015 2019 —
Endoplasmic reticulum stress 2015 1.39 2015 2019 —
Ischemia reperfusion injury 2013 1.74 2016 2018 —
Inhibition 2017 4.05 2017 2020 —
nlrp3 inflammasome activation 2017 2.2 2017 2019 —
Myocardial ischemia reperfusion 2017 2.05 2017 2019 —
Macrophages 2017 1.97 2017 2020 —
Protein 2017 1.5 2017 2019 —
Ischemia reperfusion 2017 142 2017 2018 -
Preserves cardiac function 2018  1.57 2018 2019 -
Model 2014 2.61 2020 2021 -
Reperfusion 2020 1.98 2020 2021 -
Ischemia 2014 173 2020 2021 -—
Reperfusion injury 2021 2.2 2021 2022 -
Inhibitor 2019 1.46 2021 2022 -
Repair 2021 1.44 2021 2022 -
Pathway 2022 2.34 2022 2024 —
Myocardial ischemia 2018 1.8 2022 2024 —
Gasdermin d 2019 1.57 2022 2024 —

FiGure 9: The top 25 keywords with the strongest citation bursts.

released during MI as a result of myocardial injury. Notably,
reduced MIRI was observed in NLRP3-knockout (KO) mice,
but not in ASC-KO mice, suggesting that NLRP3 and ASC
may have distinct roles in myocardial injury following I/R.
Similarly, Shigeoka et al. [31] found that renal I/R injury
was attenuated in NLRP3-KO mice, whereas ASC-KO mice
did not exhibit such attenuation. These findings suggest that
inflammasome components like NLRP3 and ASC may func-
tion independently in MIRL

4.6.3. NLRP3 Inhibitors May Be New Targets for the
Prevention and/or Treatment of MI and MIRI. Studies have
focused on reducing I/R injury by inhibiting signaling path-
ways or directly inhibiting NLRP3 activation to protect car-
diomyocytes. Preclinical studies in transgenic mouse models
and the use of targeted inhibitors have shown that inhibition
of NLRP3 inflammasome activation reduces inflammatory
injury and adverse cardiac remodeling [26]. Colchicine, an
ancient anti-inflammatory agent recently found to inhibit
the assembly and activation of NLRP3, has been shown to
significantly inhibit, in a mouse model of acute myocardial
ischemia, the 24-h increase in inflammasome activity after-
ward [32]. Inhibitors targeting NLRP3 inflammasome as
well as blockers of IL-8 and IL-6 (downstream of IL-1) are
being clinically tested against a variety of cardiovascular dis-
eases, and the discovery by Marchetti et al. [18] of a novel
inhibitor derived from glyburide, a molecule that fails to
induce insulin release, which significantly reduces the size
of infarcts and protects cardiac function, also demonstrates
that early NLRP3 inflammasome activation is critical for

downstream inflammatory signaling. In a recent study
[33], it was noted that cinnamamide derivative compound
7 significantly improved left ventricular systolic function,
infarct size, and cardiac apoptosis after MIRIL. This study
confirmed that cinnamamide derivative compound 7 attenu-
ated myocardial injury by inhibiting the NLRP3 pathway.
Such studies are often combined with molecular docking
techniques to find potential NLRP3 inhibitors.

5. Limitations

It is important to acknowledge the limitations of this study.
Firstly, as a bibliometric analysis, the data collection and
processing are heavily reliant on software tools, which can-
not fully replace the comprehensiveness of systematic
searches. Secondly, this study exclusively utilized data from
WoSCC, omitting other databases such as Scopus, which
may have resulted in data gaps. Additionally, our analysis
was confined to English-language articles, introducing a
potential selection bias. Lastly, due to the rapid evolution
of databases, some of the most recent studies might not have
been captured in our analysis.

6. Conclusion

In summary, this study presented a bibliometric analysis of
NLRP3 research in the context of MI using tools such as
HistCite Pro, CiteSpace, VOSviewer, and Scimago Graphica.
The findings indicated that research in this area has experi-
enced rapid growth from 2013 to 2024. China and the
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United States have emerged as the leading contributors,
highlighting the importance of enhanced international col-
laboration. Recent research trends have focused on the
mechanisms of NLRP3 activation in MI, the role of NLRP3
in MIRI, and the therapeutic potential of NLRP3 inhibitors.
These studies are likely to pave the way for the discovery of
novel drugs and therapeutic targets, thereby improving clin-
ical outcomes by offering innovative strategies and insights.
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