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Background: Heart failure (HF) is characterized by elevated morbidity, mortality, and rehospitalization frequencies. This condition 
imposes a considerable medical burden and fiscal strain on society. Inflammation plays a crucial role in the inception, advancement, 
and outcome of HF. Despite mounting evidence demonstrating the pivotal function of the NLRP3 inflammasome in HF, a thorough 
bibliometric examination of research focal points and trajectories in this domain has yet to be undertaken.
Methods: Publications related to the NLRP3 inflammasome in HF were retrieved from the Web of Science database spanning 
2010–2024. The acquired data were subsequently analyzed utilizing various visualization instruments, including Citespace, 
VOSviewer, Scimago Graphica, and Microsoft Office Excel 2021.
Results: A total of 282 papers were included in the analysis, authored by 2,130 researchers from 500 institutions across 34 nations/ 
regions. China emerged as a significant contributor to this field, producing the highest number of outputs. Antonio Abbate was 
identified as the most prolific author. Virginia Commonwealth University and Wuhan University were the institutions with the highest 
publication output. INTERNATIONAL IMMUNOPHARMACOLOGY was the periodical with the most numerous publications in this 
sphere. CIRCULATION, however, received the highest number of citations, indicating its substantial influence on investigations in this 
field. Contemporary research focal points primarily concentrate on the activation and inhibition pathways of the NLRP3 inflamma-
some, the exploration of novel HF targets, and the association between HF and mitochondrial function. Future research trajectories are 
likely to encompass investigations into the relationship between HF and pyroptosis, as well as clinical studies on pharmaceuticals 
targeting the NLRP3 inflammasome as a therapeutic approach for HF.
Conclusion: This investigation provides a comprehensive bibliometric analysis and synopsis of NLRP3 inflammable-related studies 
in HF. The findings offer a conceptual foundation for further research on the NLRP3 inflammasome in HF and provide valuable 
guidance for future research directions in this domain.
Keywords: heart failure, NLRP3, inflammasome, visualization analysis

Introduction
Heart failure(HF) is a multifaceted and life-threatening clinical syndrome characterized by significant impacts on morbidity 
and mortality, diminished functional capacity, reduced quality of life, and substantial economic burden.1 The primary 
mechanisms underlying HF development are myocardial remodeling and fibrosis, with inflammation playing a pivotal role 
in these pathological processes.2 Recent investigations have underscored the critical role of the inflammatory cascade initiated 
by the activation of the NLRP3 inflammasome, which functions as a signal transducer in the immune system and significantly 
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contributes to the onset and progression of HF.3,4 The activation of the NLRP3 inflammasome has been associated with the 
pathogenesis of various auto-inflammatory, autoimmune, and metabolic diseases.5,6 This activation stimulates the expression 
and secretion of interleukin-1β (IL-1β), as well as interleukin-18 (IL-18), thereby initiating downstream inflammatory 
responses.7 Furthermore, the NLRP3 inflammasome mediates a form of programmed cell death known as “pyroptosis”.8 

Pyroptosis participates in ventricular remodeling through pathophysiological processes such as myocardial hypertrophy, 
fibrosis, and cell death, ultimately leading to cardiac dysfunction.9,10 Consequently, modulation of the NLRP3 inflammasome 
pathway, which represents a promising therapeutic strategy for impeding HF progression.

Although research into the NLRP3 inflammasome’s role in HF remains in its early stages, significant advancements have 
been achieved. Elevated expression of the NLRP3 inflammasome has been documented within the myocardial tissue of HF 
patients, which suggests a potential exacerbating effect on cardiac remodeling and dysfunction.11,12 Blood levels of the 
NLRP3 inflammasome have been proposed as a biomarker for assessing HF severity and prognosis, as well as guiding 
therapeutic regimens in HF patients.13 Preliminary studies investigating NLRP3 activation inhibitors, including MCC950 and 
colchicine, have yielded promising results in preclinical animal models.14,15 Additionally, recent research suggests that small 
molecule inhibitors targeting CB1R/NLRP3 signaling may effectively mitigate cardiotoxicity induced by antipsychotic 
drugs.16 In recent years, research on NLRP3 has intensified, reflecting its potential in the diagnosis as well as therapy of 
HF Bibliometrics, an interdisciplinary field that emerged in 1969, integrates mathematics and statistics to quantitatively 
analyze and visually represent literature, authors, institutions, and nations/regions.17 In this study, we employ Citespace, 
VOSviewer, Scimago Graphica, as well as Microsoft Office Excel 2021 to analyze the evolving structure of network research 
and future research trends in NLRP3 inflammasome in HF from 2010 to the present. Our aim is to construct a scientific 
knowledge map of the field and provide valuable insights for subsequent investigations in this domain.

Methods
Search Strategy
The WoSCC database (https://www.webofscience.com/wos/woscc/basic-search) is widely acknowledged as an essential 
resource in the international academic community. In this study, the WoSCC was utilized as the target database, employing 
the following search strategy: (TS=(NLRP3 OR “NLRP3 inflammasome” OR “NOD-like receptor thermal protein domain 
associated protein 3” OR “Nod-like receptor protein 3 inflammasome” OR “NLR Family Pyrin Domain Containing 3 
Protein”)) AND TS=(“heart failure” OR HF OR “Ischemic heart failure” OR “Cardiac Failure” OR “Heart 
Decompensation” OR “Myocardial Failure” OR “Congestive Heart Failure” OR “Left Sided Heart Failure” OR “Right 
Sided Heart Failure”). The search was confined to the period from 2010–01-01 to 2024-2-28, yielding 461 literature records. 
Subsequently, the literature types were filtered to include only “Article” and “Review Article”, resulting in 315 English- 
language records. Following a meticulous screening process conducted by the researchers, 33 irrelevant articles were 
excluded, leaving a final dataset of 282 valid articles (Figure 1). The collected literature records were downloaded and 
preserved in a plain text file, formatted as “complete records and cited references”, to serve as a sample for data analysis. 
Additionally, original data pertaining to publication country/region information, institutions, journals, authors, and article 
types were collected and statistically analyzed using Microsoft Excel.

Data Assessment
Bibliometric assessment was performed using two specialized software packages: VOSviewer v.1.6.20 (https://www. 
vosviewer.com/) and CiteSpace 6.3.R1 (http://cluster.cis.drexel.edu/~cchen/citespace/). VOSviewer was employed to 
process and analyze the acquired data, generating maps where different nodes represent elements, including nations, 
organizations, as well as authors. These nodes’ sizes indicate the frequency or significance of these elements within the 
dataset. CiteSpace was utilized to construct visual representations of top-level reference bursts, keyword bursts, as well 
as keyword time zone maps. These visualizations served to elucidate research hotspots across different periods and to 
identify future research trends. Furthermore, Scimago Graphica V1.0.25 (https://graphica.app/) was employed for 
generating a geographic distribution map of publications focusing on NLRP3 inflammasome in heart failure. 
Microsoft Office Excel 2021 was utilized for chart creation and additional data visualization.
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Result
Quantitative Assessment of Publications
The corpus of 282 papers analyzed in this research originated from 500 organizations across 34 nations, authored by 
2,130 researchers, and disseminated in 133 journals. The publications have garnered 20,180 citations out of 2,465 
journals. The annual research output is illustrated in Figure 2. Overall, the annual publication rate in this field has 
exhibited steady and rapid growth. Prior to 2011, research on NLRP3 inflammasome in heart failure had not been 
initiated. The period from 2011 to 2016 was characterized by a relatively low number of publications, indicating an early 
stage of research in this domain. However, from 2017 onwards, a marked increase in the quantity of publications has 
been observed. This trend suggests that NLRP3 inflammasome has garnered more and more attention from academics in 
recent decades, emerging as a novel focal point in heart failure research.

Figure 1 Flowchart of Literature Screening.

Figure 2 Trends in the growth of publications.
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Journal and Co-Cited Journal Analysis
Figure 3A presents the top 15 journals with the highest productivity in NLRP3 inflammasome research related to HF, providing 
valuable guidance for researchers considering manuscript submissions. Among these publications, INTERNATIONAL 
IMMUNOPHARMACOLOGY emerged as the most prolific, publishing 11 papers. BIOMEDICINE & PHARMACOTHERAPY, 
CARDIOVASCULAR RESEARCH, CIRCULATION RESEARCH, and JOURNAL OF CARDIOVASCULAR PHARMACOLOGY 
each contributed 6 publications. Within the top 15 journals, CIRCULATION boasted the highest impact factor (IF=35.5, 2024), 
followed by BIOMEDICINE & PHARMACOTHERAPY (IF=6.9, 2024). Of the 15 most frequently co-cited journals, four were 
cited over 150 times. CIRCULATION received the highest number of citations (199), followed closely by CIRCULATION 
RESEARCH (181 citations) and CARDIOVASCULAR RESEARCH (152 citations) (Figure 3B). An analysis of the overlapping 
journals in both figures (Figure 4) suggests that this field encompasses research spanning clinical medicine, immunology, and 
molecular biology.

Scientific Cooperation
To identify the nations making the most significant contributions to this research area, 500 organizations across 34 nations/ 
regions were analyzed. Figure 5A and B illustrate the geographical distribution of the total number of articles and visualize 
collaborative networks. The top10 nations with the greatest publication output are distributed across North America, Asia, and 

Figure 3 (A) Top 15 journals in NLRP3 inflammasome research related to HF. (B) The 15 most co-cited journals in NLRP3 inflammasome and HF research.

Figure 4 Journal overlay map of NLRP3 inflammasome research in HF.
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Europe, with China, the United States of America, Italy, Germany, and Japan comprising the top five, respectively. Notably, 
North American and European nations (USA, Canada, Netherlands, etc). and Japan demonstrate higher average citations per 
publication, while Asian nations, particularly China, show slightly lower citation rates (Table 1).

Analysis of Institutions
Table 2 presents the top 11 institutions based on their contributions to NLRP3 inflammasome research in HF. These 
institutions are distributed across China (8), Germany (2), and the United States. Virginia Commonwealth University and 
Wuhan University share the highest publication count with 14 articles each, followed closely by Harbin Medical University 
(10) and Fudan University (8). In terms of Total Link Strength (TLS), Virginia Commonwealth University leads with 1074, 
followed by the University of Queensland (696) and Temple University (528). The data reveals substantial collaboration 
among these institutions.

Author/Institutional Cooperation
The visualization of scientific collaboration in the author and institutional dimensions reveals a high degree of interconnect-
edness, as evidenced by the substantial number of nodes and the intricate network of connections depicted in Figure 6. In the 
field of NLRP3 inflammasome research related to heart failure, Abbate, Antonio, Toldo, Stefano, and Bonaventura, Aldo have 
emerged as leading contributors, based on their publication volume (Figure 6A). The research findings of these authors have 
played a fundamental role to explore the significance of the NLRP3 inflammasome in the context of heart failure. The 
institutional collaboration network, illustrated in Figure 6B, highlights Virginia Commonwealth University, Wuhan 

Figure 5 (A) Global publication output related to NLRP3 inflammasome research in HF. (B) Worldwide distribution of NLRP3 inflammasome research in HF based on 
publication data.

Table 1 Influential Nations/Regions in NLRP3 Inflammasome Research Related 
to HF

Rank Country Total number of 
publications

Total number of 
citations

1 China 168 3122
2 The United States 61 3105

3 Italy 21 536

4 Germany 16 530
5 Japan 14 767

6 Canada 11 610

7 South Korea 10 419
8 Australia 8 747

9 Netherlands 6 344

10 United kingdom 6 120
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University, and Harbin Medical University as the most prominent nodes, indicating their substantial contributions to this 
research area.

Keywords Analysis
Keywords serve as indicators of the core content and themes within the literature. Through a comprehensive analysis of 
frequently occurring keywords, a deeper understanding of relevant research directions and focal points in the field can be 
obtained. A thorough examination of 282 papers using CiteSpace yielded a total of 1221 keywords. The ten most 
frequently occurring keywords, in descending order of frequency, were identified as follows: nlrp3 inflammasomes (144), 
heart failure (130), activation (71), oxidative stress (45), injury (42), myocardial infarction (35), expression (33), 
dysfunction (29), apoptosis (28), and fibrosis (26) (Figure 7A).

Keyword clustering analysis was employed to elucidate the distribution of core content and categorize keywords 
based on their similarity.18 The CiteSpace keyword clustering and hotspot identification map, presented in Figure 7B, 
revealed ten distinct research hotspots: “#0: cardiac remodeling”, “#1: angiotensin ii”, “#2: cardiovascular diseases”, “#3: 
cardiac dysfunction”, “#4: heart failure”, “#5: health”, “#6: prmt5”, “#7: nf-kappa b”, “#8: cognitive impairment”, and 
“#9: diabetic cardiomyopathy”. Table 3 provides a detailed characterization of each cluster depicted in Figure 7B, 

Table 2 Influential Institutions in NLRP3 Inflammasome Research Related to HF

Rank Organization Country Total 
number of 

publications

Organization Country Total 
number of 
citations

1 Virginia Commonwealth University USA 14 Virginia Commonwealth University USA 1074

2 Wuhan University China 14 University of Queensland Australia 696
3 Harbin Medical University China 10 Temple University USA 528

4 Fudan University China 8 Harbin Medical University China 316

5 Charite University Med Berlin Germany 6 University of Alberta Canada 278
6 Chongqing med University China 6 Sun Yat-sen University China 254

7 DZHK German Ctr Cardiovasc Res Germany 6 Fudan University China 242
8 Hubei Key Laboratory of heart China 6 Harvard Medical School USA 223

9 Nanjing Medical University China 6 University of California, San Diego USA 205

10 Shanghai JiaoTong University China 6 Nanjing Medical University China 186
11 Xi An Jiao Tong University China 6 University of Naples Federico II Italy 175

Figure 6 (A) Cooperation network of authors. (B) Visualization of organizations correlated with NLRP3 inflammasome within HF publications.
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encompassing cluster number, cluster label, average publication year of the clustered literature, research focus of the 
clustered literature, and the number of cluster members. The keyword timeline view was utilized to track the evolution of 
keywords over time, offering a visual representation of the duration and historical progression of each cluster. Notably, as 
illustrated in Figure 7C, the most recent and dynamically active clusters identified in the analysis were cluster #0 
(“cardiac remodeling”), cluster #2 (“cardiovascular diseases”), cluster #4 (“heart failure”), cluster #5 (“health”), and 
cluster #7 (“nf-kappa b”). This observation suggests a growing research interest in these specific areas.

Figure 7 (A) High-frequency keywords. (B) Cluster diagram of keywords. (C) Timeline diagram of keywords. (D) Top 20 keywords with the strongest citation bursts (blue 
line indicates the timeline, and the red segments indicate the time period in which the keywords were highlighted).

Table 3 Keyword Clustering Features

Cluster 
ID

Size Silhouette Mean 
(Year)

Top Terms

0 57 0.609 2019 cardiac remodeling; obesity; oxidative stress; pyroptosis; atrial natriuretic peptide

1 42 0.707 2019 angiotensin ii; pressure overload; ventricular remodeling; mcc950; myocardial hypertrophy
2 42 0.743 2019 cardiovascular diseases; pericarditis; tumor necrosis factor; recurrent pericarditis; ischemia/ 

reperfusion injury
3 39 0.526 2019 cardiac dysfunction; reactive oxygen species; mitochondrial dysfunction; heart; catecholamines

4 34 0.764 2016 heart failure; risk; liver disease; anakinra; ventricular arrhythmia

5 34 0.783 2019 health; prevention; purinergic p2x7; cardiac; aim2 inflammasome
6 33 0.716 2018 prmt5; inflammatory injury; left ventricle; isoliquiritigenin

7 25 0.848 2017 nf-kappa b; cardiac fibroblasts; nlrp3 inflammasome; nf-kappa b p65; hirudin

8 21 0.874 2014 cognitive impairment; sex-differences; toll-like receptor (tlr)-4; amyloidogenesis; apnea- 
hypopnea

9 13 0.916 2019 diabetic cardiomyopathy; fndc5; atorvastatin; metformin; ampk alpha
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Keyword prominence, which refers to the sudden surge in the frequency of keyword appearances at specific time 
points, was analyzed to identify emerging research frontiers. Keywords exhibiting high rates of frequency change were 
detected at corresponding time nodes, and a keyword prominence year distribution map was generated to analyze current 
research hotspots and frontiers. Figure 7D presents an analysis of the top 20 emergent keywords from 2011 to 2024. 
Keywords demonstrating increased intensity of recent outbreaks and high intensity (≥2) include “inflammation”, “cell- 
death”, “double-blind”, and “injury”.

Cluster Assessment of Co-Cited Literature
Co-cited literature means pairs of articles that are simultaneously cited, with co-citation frequency determined through 
quantitative analysis18. Citation counts serve as a metric for evaluating the impact as well as scholarly value of research, 
while thematic clustering of co-cited literature elucidates the primary research focus and historical development within a 
specific field.19 The most frequently co-cited publication was authored by Toldo, Stefano, entitled “The NLRP3 
inflammasome in acute myocardial infarction”, and published in Nature Reviews Cardiology. This was followed by an 
article titled “Anti-inflammatory therapy with canakinumab for atherosclerotic disease”. Notably, among the top 10 cited 
articles, three emphasized the NLRP3 inflammasome as a therapeutic target for cardiovascular disease, while two focused 
on the NLRP3 inflammasome inhibitor MCC950.

The co-citation network analysis identified 12 distinct clusters, characterized by significant modularity (Q=0.7216) and 
high silhouette scores (S=0.8989), indicating robust cluster credibility and uniqueness19 (Figure 8). Based on the co-citation 
relationships, the current research themes surrounding the NLRP3 inflammasome in HF can be summarized as follows: 1. 
Etiology of HF: Clusters 0, 2, and 3 concentrated on various pathways leading to HF, including myocardial infarction and 
atrial fibrillation. 2. Pathologic features of HF onset: Clusters 1, 4, and 7 focused on elucidating the mechanisms by which the 
NLRP3 inflammasome contributes to HF pathogenesis. Clusters 8 and 10 highlighted the influence of mitochondrial function 
on NLRP3 inflammasome activity. 3. Therapeutic interventions and targets for HF: Clusters 5 and 6 explored the mechanisms 
of action of drugs that treat HF through NLRP3 inflammasome inhibition. Cluster 11 was dedicated to investigating novel 
therapeutic targets for HF management.

Discussion
In this study, VOSviewer and CiteSpace were employed to carry out bibliometric mapping as well as visualization of 282 
relevant research papers extracted out of the Web of Science core collection. A systematic assessment of the current 
status of NLRP3 inflammasome research within HF as well as potential research directions in the future has been 
undertaken. To the best of our knowledge, this represents the first comprehensive bibliometric analysis focusing on the 
NLRP3 inflammasome in HF. Quantitative, qualitative, and integrative analyses were utilized to identify research trends 
and shifts, which are elaborated upon in the following sections, providing a comprehensive overview of our findings.

Analysis of Basic Content
As illustrated in Figure 1, the number of publications has exhibited slight fluctuations since the first relevant publication 
in 2010. However, a general upward trend has been maintained, with the peak number of publications occurring in 2023. 
This trajectory suggests that the field has gradually entered a mature stage of development over time. The top three 
nations in terms of publication output are China, the United States, and Italy. Notably, eight of the top eleven 
organizations publishing the most relevant research are located in China. Nevertheless, the mean citation rate of these 
articles is comparatively low, suggesting that the overall quality of Chinese publications in this field may necessitate 
enhancement. Institutions with higher citation rates are predominantly situated in the United States. Furthermore, the top 
ten most prolific authors in this field are primarily from the United States and China. These findings underscore that 
China and the United States are at the forefront of research in this domain, while also highlighting disparities in the 
development of individual nations and regions within this field. It is noteworthy that China entered this research arena in 
2013 and has since ascended to the top rank in terms of total publications. This rapid progress demonstrates China’s 
substantial contribution to research in this field over the past decade.
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Emerging Topics
By combining high-frequency keywords, keyword clustering, and co-cited literature clustering analyses, the research 
hotspots can be summarized as follows:

Inhibition and Activation of NLRP3 Inflammasome
The NLRP3 inflammasome has been identified as a crucial factor in cardiovascular diseases, with its inhibition emerging as a 
promising therapeutic approach. Selective NLRP3 inflammasome inhibitors, such as MCC950 and INF4E, have demonstrated 
efficacy in attenuating cardiac inflammation and associated pathologies. MCC950, in particular, has been observed to diminish 
the expression of collagen type I (COL1), collagen type III (COL3), as well as alpha-smooth muscle actin (α-SMA), thereby 
enhancing cardiac metabolism and mitigating HF induced by pressure overload. This compound has also been shown to 
effectively inhibit myocardial remodeling in murine models following transverse aortic constriction (TAC) surgery.20 INF4E 
has been found to activate the pro-survival risk pathway, leading to improved mitochondrial function and prevention of 
ischemia/reperfusion (I/R)-induced myocardial injury and dysfunction.21 These findings underscore the potential of NLRP3 
inflammasome-targeted therapies in the management of HF and related cardiovascular conditions. Colchicine has been 
observed to upregulate SIRT2 expression, resulting in the inactivation of the NLRP3 inflammasome through NLRP3 
deacetylation.22 However, further research is required to determine whether its role in cardiovascular disease is mediated 
by effects on NLRP3 inflammasome and/or IL-1 signaling.23 Resveratrol has been shown to inhibit NLRP3 inflammasome 
activity, reduce TGF-β1 production, and downregulate p-SMAD2/SMAD2 expression in the heart, leading to improved 
cardiac function and reduced myocardial fibrosis.24 Muscarinone has been found to exert a beneficial effect on cardiac 
function in mice post-myocardial infarction by suppressing chronic inflammation mediated by cardiac macrophages. This 
effect is achieved via the suppression of the NF-κB pathway as well as the NLRP3 inflammasome, which are key drivers of 
inflammatory responses in cardiovascular disease.25 MicroRNA-495 has been observed to ameliorate cardiac microvascular 
endothelial cell injury and inflammatory responses through inhibition of the NLRP3 inflammasome signaling pathway.26 

Activation of the NLRP3 inflammasome has been shown to promote myocardial inflammation and contractile dysfunction 

Figure 8 Literature co-citation cluster mapping.
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through the production of proinflammatory IL-1.27 Notably, blockade of IL-1β signaling with IL-1 receptor antagonists has 
been found to reverse these phenotypes, suggesting a potential therapeutic approach for the treatment of HF.

NLRP3 inflammasome-mediated thermoprotein deposition has been observed to exacerbate pressure overload-induced 
cardiac hypertrophy, fibrosis, as well as dysfunction in mice.28 Exposure to silicon dioxide nanoparticles (SiNPs) has been 
demonstrated to induce thermoprotein deposition as well as cardiac hypertrophy through the ROS/NLRP3/Caspase-1 
pathway,29 leading to adverse cardiovascular effects including focal death and cardiac hypertrophy. Cardiac glycosides, 
such as digoxin, a Na+/K+-ATPase inhibitor widely used in the treatment of HF and arrhythmias, have been associated with 
increased mortality. Motoi Kobayashi et al have demonstrated that the cardiac glycoside ouabain promotes cardiac inflamma-
tion and dysfunction through activation of the NLRP3 inflammasome as well as release of IL-1β from macrophages.30 This 
finding provides new insights into the underlying mechanisms of adverse effects associated with cardiac glycosides.

Exploring Novel Targets for Heart Failure Therapy
Protein arginine methyltransferase 5 (PRMT5), a methyltransferase catalyzing the formation of methylated residues on 
histones and non-histone proteins, has emerged as a promising therapeutic target for various diseases, including 
infectious diseases, cardiac disorders, and malignancies.31 Cheng et al demonstrated that PRMT5 plays a crucial role 
in regulating cardiac hypertrophic signaling, suggesting that the upregulation of PRMT5 expression in cardiac tissue may 
serve as a potential therapeutic strategy for preventing myocardial hypertrophy and HF.32

G protein-coupled receptor kinases (GRKs) constitute a family of kinases associated with rapid desensitization of G 
protein-coupled receptors. Among these, GRK2 was the first to be linked to the cardiovascular system, participating in 
various pathophysiological processes such as oxidative stress and cellular fibrosis.33,34 Elevated GRK2 expression and 
activity have been implicated in adverse cardiac remodeling.35 Research has shown that GRK2 activity is upregulated 
during HF and hypertrophy,36 positioning GRK2 as a potential target for novel investigational drugs aimed at treating 
cardiac dysfunction in HF.37 The GRK2 inhibitor paroxetine has been found to support cardiac function and inhibit 
cardiac remodeling by attenuating GRK2 activity in cardiac hypertrophy.38 Furthermore, GRK2 has been shown to 
regulate NLRP3 inflammasomes in isoproterenol (ISO)-induced cardiac hypertrophy. In HF treatment, pretreatment with 
GRK2 siRNA or paroxetine, followed by ISO exposure, resulted in decreased protein levels of NLRP3, ASC, caspase-1, 
and NLRP3.39

Targeting the Therapeutic Potential of NLRP3 Inflammasome and Mitochondria in Heart Failure
Pathological myocardial hypertrophy, a major risk factor for cardiovascular disease progression,40 can lead to hyperten-
sion, myocardial fibrosis, HF, and ultimately, death from cardiac-related causes. Mitochondrial dysfunction has been 
identified as a potential key mechanism and a prominent feature in the process of myocardial hypertrophy.41 Mounting 
evidence suggests that the activation of the NLRP3 inflammasome is intricately linked to mitochondrial dysfunction. In 
the context of HF, the contribution of fatty acids to ATP production is diminished, while alternative metabolic pathways, 
including glycolysis, are upregulated to compensate for the reduced energy yield.42 This process, known as metabolic 
reprogramming, is accompanied by alterations in genes encoding proteins associated with mitochondrial function.43 

When mitochondrial activity is dysregulated through voltage-dependent inhibition of anion channels, both reactive 
oxygen species (ROS) production and inflammatory vesicle activation are suppressed.44 Li et al45 revealed that the 
dysregulation of mitochondrial homeostasis can precipitate excessive ROS generation, which in turn activates the NLRP3 
inflammasome, thereby accelerating the progression towards HF. Another study demonstrated that NLRP3 inflammasome 
activation contributes to angiotensin II (Ang II)-induced cardiomyopathy through mitochondrial dysfunction, inflamma-
tion, oxidative stress, and fibrosis.46 Notably, NLRP3 knockout was found to mitigate these effects, suggesting that 
targeting NLRP3 or mitochondria could be a promising therapeutic approach for Ang II-related cardiac conditions. These 
findings underscore the intricate association involving mitochondrial dynamics as well as NLRP3 inflammasome 
activation, opening up novel avenues for research that explore the interplay between NLRP3 inflammasome signaling, 
mitochondrial function, and myocardial hypertrophy.
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Future Research Priorities
Relationship Between Cellular Pyroptosis and Heart Failure
The formation of NLRP3 inflammasomes in cardiomyocytes has been demonstrated to possess the capability of activating 
caspase-1 and inducing cellular pyroptosis,47 Cheng et al48 were the first to elucidate that cardiomyocyte pyroptosis, triggered 
by NLRP3 inflammasome activation via caspase-1, can contribute to the progression of myocardial dysfunction. In a 
subsequent study, Zhang et al49 revealed that BMP-2 exhibits inhibitory effects on NLRP3 inflammasome activation and 
cellular pyroptosis, suggesting its potential as a novel therapeutic target for HF. The exploration of the intricate relationship 
between pyroptosis and HF in future research endeavors may facilitate the development of strategies aimed at decelerating the 
deterioration of cardiac function in HF patients.

Clinical Studies Focusing on Therapeutic Efficacy
Colchicine, a non-selective NLRP3 inflammasome inhibitor, has been utilized for decades in the prevention of acute inflamma-
tory attacks associated with gout and familial Mediterranean fever. Recent clinical trials have demonstrated its potential efficacy 
in various cardiovascular diseases,50 and its application in HF therapy is being progressively investigated.51,52 Dapansutrile, a 
selective NLRP3 inflammasome inhibitor, reduces the maturation and release of IL-1β by impeding the assembly and activation 
of the NLRP3 inflammasome. A phase 1B, randomized, double-blind clinical study conducted by George F Wohlford et al 
demonstrated that a 14-day treatment regimen with Dapansutrile was well-tolerated and safe in stable NYHA class II–III patients 
with systolic HF.53 Anakinra, an IL-1 receptor antagonist, indirectly modulates the downstream effects of the NLRP3 
inflammasome by blocking IL-1β signaling. A double-blind, randomized, placebo-controlled, crossover trial revealed that 
Anakinra administration to patients with stable chronic systolic HF resulted in significant reductions in circulating CRP and 
IL-6 levels.54 Furthermore, a Phase II clinical trial yielded promising data for recombinant Anakinra in patients with ST-segment 
elevation acute myocardial infarction or HF with reduced ejection fraction.55 Currently, Van Tassell BW et al56 are conducting a 
larger 24-week post-discharge clinical trial of Anakinra (the REDHART2 study), with anticipated positive outcomes. The 
development of inhibitors targeting the NLRP3 inflammasome or its downstream pathways paves the way for testing the 
hypothesis that NLRP3 inflammasome inhibition may improve clinical outcomes in HF patients.

The Interplay Involving Mitochondrial Dysfunction as Well as NLRP3 Inflammasome in Heart Failure
Mitochondrial dysfunction, in addition to inflammation, has been recognized as a major contributor to and plays a pathogenic role 
in HF.57 Impaired mitochondrial function and autophagy can lead to increased ROS generation and cytosolic accumulation of 
dysfunctional mitochondria or mitochondrial DNA (mtDNA) leakage, which are potent activators of the NLRP3 
inflammasome.58,59 For instance, ischemic heart failure, a prevalent cause of HF, involves the release of damage-associated 
molecular patterns (DAMPs), including mitochondrial DNA and ATP, during myocardial ischemia. These DAMPs activate the 
NLRP3 inflammasome, subsequently triggering an inflammatory cascade. Consequently, the potential convergence of mito-
chondrial dysfunction as well as NLRP3 inflammasome activation is an emerging frontier in the therapeutic landscape of HF, 
with significant implications for the development of novel therapeutic strategies targeting these interconnected pathways.60

Summarization
A comprehensive analysis reveals the pivotal role of the NLRP3 inflammasome in HF development, with publications on this 
topic exhibiting a consistent annual increase. China and the United States have emerged as the primary contributors to this 
research domain. Among the institutions publishing in this field, Abbate, Antonio, and Toldo, Stefano have produced the 
highest number of papers. The inhibition and activation of the NLRP3 inflammasome represent current research focal points. 
The NLRP3 inflammasome has been demonstrated to impede myocardial remodeling and decelerate HF progression through 
the regulation of inflammatory responses, mitochondrial function, and fibroblast differentiation, among other pathways. 
NLRP3 inflammasome-mediated cellular pyroptosis in relation to HF constitutes a frontier in research. Furthermore, 
investigators are dedicating efforts to exploring the NLRP3 inflammasome as a target for HF drug intervention and novel 
therapeutic approaches. NLRP3 inflammasome inhibitors and certain anti-inflammatory agents have been shown to suppress 
NLRP3 inflammasome activity. Consequently, clinical research investigating the efficacy of these drugs may emerge as a key 
research direction in the future. As scientific advancements continue, NLRP3 inflammasome-targeted drug therapy is 

Journal of Multidisciplinary Healthcare 2025:18                                                                                 https://doi.org/10.2147/JMDH.S505356                                                                                                                                                                                                                                                                                                                                                                                                    707

Lian et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



anticipated to provide innovative approaches for HF diagnosis and treatment. It is noteworthy that this research field has 
witnessed significant contributions from various institutions and researchers. The ongoing exploration of NLRP3 inflamma-
some’s role in HF and the development of targeted therapies underscore the potential for groundbreaking discoveries in 
cardiac medicine. As the scientific community delves deeper into this area, it is expected that NLRP3 inflammasome-targeted 
interventions will offer new perspectives and strategies for addressing the complex challenges posed by HF.
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