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ARTICLE INFO ABSTRACT

Keywords: This study aimed to dynamically track the priorities and potential research hotspots in the field of
Heart failure heart failure with sarcopenia. Using CiteSpace, we analyzed the literature on heart failure with
Sarcopenia

sarcopenia from the Web of Science database from 1995 to 2022. The analysis encompassed 507
records, revealing an overall upward trend in annual publication volume. Europe and the United
States emerged as the primary regions for publishing, particularly driven by contributions from
developed countries such as the United States, Germany, and Italy. Productive institutions
included the Charite Universitatsmedizin Berlin, University Medical Center Gottingen, the
German Center for Cardiovascular Research (DZHK), Universita Cattolica del Sacro Cuore, and
the National Institute on Aging (NIA). Noteworthy academic groups have formed around these
institutions; von Haehling S, Anker Stefan D, Springer J, and Doehner W frequently collaborated.
The core journals that frequently published articles in this area included Circulation, European
Heart Journal, and The Journals of Gerontology Series A-Biological Sciences and Medical
Sciences.

Based on the keyword analysis, we identified three key research areas. First, the diagnosis and
definition of sarcopenia emerged as significant themes. Second, researchers have focused on
exploring the mechanisms underlying heart failure with sarcopenia, including inflammation,
insulin resistance, and oxidative stress. Finally, treatment strategies, such as physical activity and
nutritional support, constitute another critical research theme. Furthermore, potential research
hotspots within this field include clinical randomized controlled trials, investigations into in-
flammatory mechanisms, cardiac rehabilitation, studies on physical activity, androgen receptor
modulators, and investigations into clinical outcomes such as cognitive impairment.

Mapping knowledge domains
CiteSpace software
Bibliometric analysis

1. Introduction

Heart failure (HF) is a complex clinical syndrome characterized by abnormal cardiac structure and function, leading to ventricular
systolic and diastolic dysfunction. It significantly reduces quality of life and is a major global cause of morbidity and mortality [1]. The
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prevalence of HF exceeds 64 million individuals, imposing a substantial economic burden [2]. Research has shown that HF is asso-
ciated with skeletal muscle abnormalities in both morphology and function, and contributes to exercise intolerance [3].

Sarcopenia is a condition characterized by the progressive loss of skeletal muscle mass and strength with age. This condition can
result in disability, negatively impacting the quality of life, and potentially leading to cardiopulmonary failure or mortality. Based on
current estimates, sarcopenia affects approximately 50 million individuals, and this number is projected to surpass 200 million within
the next four decades [4].

HF and sarcopenia are closely related. According to the 2016 HF Guidelines of the European Society of Cardiology, sarcopenia is a
crucial comorbidity of HF [5]. The prevalence of sarcopenia is increasing in patients with chronic heart failure (CHF) [6]. In a mixed
cohort study conducted by von Haehling S on symptomatic HF patients, the prevalence of sarcopenia was 20%, which was significantly
higher than that observed in healthy older adults [7]. Furthermore, a multicenter clinical trial led by von Haehling S concluded that
lower skeletal muscle mass was strongly correlated with diminished exercise capacity in HF patients [8]. Sarcopenia has been shown to
adversely affect the prognosis of HF patients [9]. Previous studies have identified sarcopenia as an independent risk factor for mortality
in CHF [10,11]. Interestingly, a study by Niedziela et al. revealed that reduced muscle mass increased mortality in patients with CHF
[12]. Current research on the pathophysiological mechanisms underlying HF with sarcopenia primarily revolves around inflammation,
hormonal changes, and oxidative stress, among others [13]. The key treatment modalities include dietary modifications, rehabilitation
exercises, and medications.

CiteSpace software, a robust visualization tool, has been specifically developed to provide an intuitive representation of the most
current and innovative knowledge within a specific field. In this regard, the present study utilized the CiteSpace software to conduct a
comprehensive knowledge map analysis of the existing literature on HF with sarcopenia. The objective was to provide relevant
stakeholders with ample information and insight into this area of research.

2. Materials and methods
2.1. Database selection and search strategy

Data for this study were obtained from the Web of Science Core Collection (WOS) database (http://apps.webofknowledge.com),
which is the most user-friendly and easy-to-use database and is more representative of a wider range of research areas than the Scopus
and PubMed databases [14]. Two authors (TTM and XYL) conducted a literature search with the following search strategy: TS=
(Sarcopenia OR Sarcopenias) AND ("Heart Failure" OR "Cardiac Failure" OR "Heart Decompensation” OR "Myocardial Failure" OR
"Congestive Heart Failure"). The language was restricted to English. The time span covered ranged from January 1995 to September
2022.
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Fig. 1. Flowchart of literature selection for heart failure with sarcopenia.


http://apps.webofknowledge.com

Y. You et al. Heliyon 10 (2024) e27913
2.2. Inclusion and exclusion criteria and screening strategy

A total of 584 documents published in English were retrieved. After limiting the types of articles to original articles and reviews and
excluding editorial material, meeting abstracts, letters, book chapters, and proceedings papers, 507 documents were finally included in
the analysis (Fig. 1).

2.3. Data analysis

Countries, institutions, authors, journals, keywords, and references were selected as elements of the analysis. In the CiteSpace
framework, graph nodes represent the objects under examination, and node size is positively correlated with the frequency of the
studied items. The connections between the nodes signify their co-occurrence (or co-citation) relationships, with thicker lines indi-
cating stronger co-occurrence (or co-citation). Furthermore, CiteSpace incorporates the concept of betweenness centrality (BC), which
assesses the significance of nodes to identify and measure the impact and importance of a research project in a relevant field. Nodes
with a BC greater than 0.1 are denoted by a purple ring in the chart, signifying their crucial nature and deserving of attention [15].
Additionally, BC is often regarded as a turning point by CiteSpace. CiteSpace facilitates data analysis through clustering. Clustering
results are generally evaluated using modularity (Q) and silhouette (S). Q indicates network modularity, with a higher value suggesting
a more effective clustering outcome. S measures the homogeneity within a cluster after clustering. It is widely accepted that Q > 0.3
represents significant clustering structure, S > 0.5 demonstrates reasonable clustering, and S > 0.7 signifies convincing clustering [16].
Microsoft Office Excel 2021 was used for descriptive analysis.

3. Results
3.1. Analysis of annual publication volume

In total, 507 articles, consisting of 356 original articles and 151 reviews, were included in this study. This highlights the integral
role of original research in this field. Fig. 2 presents the annual publications pertaining to HF with sarcopenia. Overall, there has been a
consistent increase in the number of articles published over the past two decades, albeit with minor fluctuations. As shown in Fig. 2, the
correlation coefficient R? is 0.816. Subsequently, manual segmentation divided the timeframe into three distinct stages. In the initial
phase (1995-2012), the number of annual publications gradually increased, with fewer than 10 articles published each year. Fig. 2
illustrates a steady upward trend in publication output from 2013 to 2018, demonstrating the sustained attention devoted to this field
by relevant researchers. Notably, from 2019 to 2021, there was a significant surge in the number of publications, which peaked in
2020. This period signified a phase of rapid development within the field, as researchers had already recognized the close association
between HF and sarcopenia. The lower number of articles in 2022 was because the search was conducted until September and not for
the entire year. Additionally, recent studies may not have been published by then.

3.2. Analysis of countries

Fig. 3 and Table 1 present a national analysis of HF with sarcopenia. The United States had the highest number of published articles,
followed by Japan and Germany, with annual publication rates of 136, 111, and 88, respectively. Moreover, developed countries
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Fig. 2. Annual quantitative distribution of publications on heart failure with sarcopenia.
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predominantly had centrality values greater than 0.1. Notably, the top four countries in terms of centrality were the United States,
Germany, England, and Italy with values of 0.38, 0.25, 0.19, and 0.18, respectively. Japan, China, and other nations ranked among the
top 10 in terms of publications in this field; their BC values were relatively low, or even zero. These findings suggest the need to
enhance innovative research endeavors in this area in these countries. Country analysis underscores Europe and the United States as
the primary regions for article publications in this field.

3.3. Analysis of institutions

Fig. 4 and Table 2 present the institutional analysis of HF with sarcopenia. Fig. 4 displays a co-occurrence graph of the institutions,
while Table 2 outlines the top 10 institutions actively researching in this field. Charite University Medicine Berlin holds the first
position, followed by University Medical Center Gottingen, and the German Center for Cardiovascular Research (DZHK). In terms of
BC, the top three institutions were the German Center for Cardiovascular Research (DZHK), Charite Universitatsmedizin Berlin, and
Universita Cattolica del Sacro Cuore. Notably, Fig. 4 shows the close collaboration between Charite University Medicine Berlin and the
German Center for Cardiovascular Research (DZHK) or Universita Cattolica del Sacro Cuore, emphasizing their joint efforts to study HF
with sarcopenia.

3.4. Analysis of authors and cited authors

Fig. 5 and Table 3 illustrate the co-occurrence profiles of the authors in the field of HF with sarcopenia. In terms of publication
count, von Haehling S emerged as the most prolific author, followed by Anker Stefan D, Springer J, and Doehner W.

CiteSpace employs the frequency of author citations within article references as a key indicator of their contributions [17]. Fig. 6
displays the top 10 authors cited in these references, with each author being cited more than 60 times. The three most cited authors are
Cruz-jentoft AJ, von Haehling S, and Anker Stefan D, with citation counts of 185, 162, and 143, respectively.

In terms of BC, Anker Stefan D attains the highest ranking, followed by Baumgartner RN, Morley JE, and Argiles JM, with respective
values of 0.27, 0.13, 0.12, and 0.11. A comprehensive analysis underscores the significance of von Haehling S and Anker Stefan D as
the most prominent authors in the field of HF with sarcopenia.

In addition, according to Fig. 5, there exists a certain level of cooperation among authors in this field. For example, von Haehling S,
Anker Stefan D, Springer J, and Doehner W frequently collaborate. Maekawa E, Kamiya K, Nozaki K, and Matsunaga A also have a
cooperative relationship.

3.5. Analysis of cited journals

An analysis of journal co-citations revealed that "Circulation" was the most frequently cited journal, with 302 citations, followed by
"Eur Heart J” with 272 citations and "J Gerontol A-Biol" with 262 citations (Fig. 7). Among the top 10 most frequently cited journals,
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Fig. 3. Countries with publications on heart failure and sarcopenia.
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Table 1
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Top 10 countries with regard to heart failure with sarcopenia.

Rank Countries Frequency Betweenness Centrality
1 the United States 136 0.38
2 JAPAN 111 0.1
3 GERMANY 88 0.25
4 ITALY 63 0.18
5 ENGLAND 31 0.19
6 BRAZIL 26 0.08
7 PEOPLES R CHINA 26 0
8 SPAIN 18 0.06
9 CANADA 18 0.01
10 POLAND 17 0.02
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Fig. 4. Institutions researching heart failure with sarcopenia.
Table 2
Top 10 most productive institutions for study of heart failure with sarcopenia.
Rank Frequency Betweenness Centrality Institutions
1 46 0.23 Charite Universitatsmedizin Berlin
2 20 0.02 University of Gottingen Medical Center
3 19 0.07 German Center for Cardiovascular Research (DZHK)
4 15 0.14 Universita Cattolica del Sacro Cuore
5 12 0.01 Kitasato University
6 12 0 Universidade de Sao Paulo
7 11 0.04 University of Gottingen
8 7 0.03 IRCCS San Raffaele Pisana
9 6 0.04 National Institute on Aging
10 6 0.02 Duke University

"Circulation" has the highest impact factor (IF) of 39.918. Furthermore, among these 10 journals, approximately 80% are classified as
Q1, indicating their high scholarly influence, while the remaining 20% are classified as Q2 (Table 4).

3.6. Analysis of keywords

Keywords serve as crucial indicators of the subject matter being studied and provide a concise reflection of the content [18]. Fig. 8
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Fig. 5. Co-occurrence of authors on heart failure with sarcopenia.

Table 3

Top 10 most productive authors for heart failure with sarcopenia.
Rank Author Frequency Institution
1 von Haehling, S 42 University Gottingen
2 Anker, Stefan D 38 Charite Universitatsmedizin Berlin
3 Springer, J 27 Charite Universitatsmedizin Berlin
4 Doehner, W 23 Charite Universitatsmedizin Berlin
5 Ebner, N 22 University of Gottingen Medical Center
6 Anker, Markus S 16 Charite Universitatsmedizin Berlin
7 dos Santos, M 10 Universidade de Sao Paulo
8 Kamiya, 10 Kitasato University
9 Maekawa, E 10 Kitasato University
10 Coats, Andrew J. S 10 Monash University

and Table 5 show that research on HF with sarcopenia primarily focuses on the diagnosis, mortality, and treatment of the disease. The
primary experimental aspect revolves around investigating oxidative stress.

Clustering was employed to address the challenge of summarizing numerous keywords [19]. The clustering outcomes were divided
into nine clusters: #0 diagnosis, #1 muscle atrophy, #2 muscle wasting, #3 obesity paradox, #4 older adults, #5 amino acid, #6
diabetes mellitus, #7 anabolism, and #8 computed tomography (Fig. 9). Consequently, research in this field has concentrated on the
diagnosis, risk factors, treatment methods, and detection techniques associated with sarcopenia.

To provide a visual representation of the evolutionary trends and interactions of research topics related to HF with sarcopenia over
time, we presented the clustering results in a timeline format based on natural clustering. Fig. 10 shows the timeline of the keywords.
Early studies explored the relationship between HF and sarcopenia with a focus on diagnosing and detecting sarcopenia. The diagnosis
of sarcopenia primarily involves the loss of skeletal muscle mass and strength, which can lead to adverse consequences such as physical
disability, cachexia, frailty, and even death. In the mid-term, research shifted towards investigating oxidative stress, tumor necrosis
factor-alpha (TNF-a), growth hormone, double-blind trials, and exercise therapy. Subsequent studies investigated the mechanisms,
diagnosis, and prognosis of HF with sarcopenia, including insulin resistance, inflammation, nutritional treatment, vitamin D, and
cardiac rehabilitation.

A keyword burst is a significant increase in keyword frequency within a relatively short period. By examining the frequency
changes in keywords, we can determine the frontiers and trends of research. Fig. 11 illustrates that early burst keywords for HF with
sarcopenia primarily focused on mechanistic studies involving growth factor I, TNF-a, and C-reactive protein. Subsequently, research
on HF with sarcopenia has predominantly focused on three areas: treatments (such as amino acids, androgen receptor modulators,
vitamin D, physical activity, and protein synthesis), clinical trials (e.g., double-blind trials), and outcomes (including cognitive
impairment).
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3.7. Analysis of reference Co-citation

Reference co-citation occurs when multiple references are cited simultaneously by a third piece of literature [20]. By analyzing the
frequency of literature co-citation, we identified highly cited authors and extracted core topics within this field. The subject matter of
interest of the co-cited articles is attached in Table 6 and Table 7.
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Table 4
Top 10 most cited journals for heart failure with sarcopenia.
Rank Frequency Cited Journal IF (2021) JCR
Partitions
1 302 CIRCULATION 39.918 Q1
2 272 EUR HEART J 35.855 Q1
3 268 J GERONTOL A-BIOL 6.591 Q1
4 261 J AM COLL CARDIOL 27.203 Q1
5 243 INT J CARDIOL 4.039 Q2
6 241 J CACHEXIA SARCOPENI 12.063 Q1
7 232 AGE AGEING 12.872 Q1
8 205 J AM MED DIR ASSOC 7.802 Q1
9 205 J AM GERIATR SOC 7.538 Q1
10 205 J APPL PHYSIOL 3.88 Q2
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4. Discussion

The aim of this article was to organize and analyze the literature on HF combined with sarcopenia using CiteSpace software. The
results show that the annual publication volume in this field has been increasing annually, with the main research institutions
concentrated in Europe. This study focused on guidelines and consensus regarding HF combined with sarcopenia, drug therapy, and
the pathogenesis of the disease.

The annual publication trends of HF with sarcopenia indicate a general increase in the number of articles published from 1995 to
2022, with slight fluctuations. Notably, in the 2010 European consensus on sarcopenia, the focus shifted towards assessing physical
function in patients with sarcopenia [21]. Consequently, there has been a modest single-digit increase in the number of annual
publications in this area. In 2013, the number of publications sudden surged from the single digits to 20 due to the emergence of an
Asian consensus on "sarcopenia" and the expanding involvement of researchers studying the condition [22]. However, progress in this
field was hindered by the need for clearer diagnostic criteria and definitions of sarcopenia. Since 2016, "sarcopenia" has been included
in the International Classification of Diseases (ICD) as a separate disease, with a diagnostic code of ICD-10 [23], leading to an
exponential increase in annual publications exceeding 40.

In terms of regional distribution, developed countries, such as the United States, Germany, Italy, and Britain, exert greater influence
in this field. A precise definition of sarcopenia has been widely cited by researchers and professionals. Additionally, Asian countries,
including Japan and China, rank among the top 10 contributors to research in this field. The incidence of sarcopenia among the elderly
population in Asia ranges from 6.8% to 25.7%, representing a significant public health burden [24,25]. Research institutions in this
field are mainly concentrated in Europe and the United States. Developing countries such as Asia and Africa also have a high
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Table 5
Top 20 keywords with high frequency about heart failure with sarcopenia.
Rank Frequency Betweenness Centrality Keywords
1 330 0.16 chronic heart failure
2 156 0.1 sarcopenia
3 126 0.18 skeletal muscle
4 93 0.08 mortality
5 74 0.1 body composition
6 66 0.07 older adult
7 55 0.03 prevalence
8 46 0.03 association
9 42 0.05 cardiovascular disease
10 41 0.05 cachexia
11 41 0.04 double blind
12 39 0.03 quality of life
13 38 0.1 muscle wasting
14 38 0.02 frailty
15 37 0.07 physical activity
16 34 0.06 skeletal muscle mass
17 33 0.05 oxidative stress
18 32 0.04 muscle mass
19 31 0.03 physical function
20 29 0.06 body mass index
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Fig. 9. Cluster analysis of co-occurring keywords.

prevalence of HF combined with sarcopenia, but have fewer outputs, probably due to the following reasons: the first one is the
insufficient allocation of resources, as more pressing health challenges often need to be prioritized, such as infectious disease control
and basic sanitation construction; the second one may be the lack of specialized personnel and facilities. Therefore, there is a need to
raise awareness about this research gap regarding the conditions affecting vulnerable aging populations that may promote more
equitable dialogue in the field.

Journals play a crucial role in the dissemination of scholarly information and publishing of academic findings. To some extent, a
journal’s reputation is indicative of the quality of the research it publishes [26]. The IF is commonly used as a measure of a journal’s
reputation. In this field, 50% of the most popular publications had an IF greater than 10, underscoring the need for high-quality
research on HF patients with sarcopenia.

The analysis of keywords and document co-citation provides insights into research hotspots and knowledge structures concerning
HF with sarcopenia. The results of both analyses were relatively consistent, allowing us to summarize the following key aspects: First,
the definition and diagnosis of sarcopenia have consistently emerged as research themes in the study of HF patients with sarcopenia. As
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Top 23 Keywords with the Strongest Citation Bursts
Keywords Year Strength Begin End 1995 - 2022
growth factor i 1995 7.632006 2013
cancer cachexia 1995 6.7 2006 2017
gene expression 1995 4842006 2010
necrosis factor alpha 1995 4.07 2006 2011
weight lo 1995 2.69 2006 2015
¢ reactive protein 1995 2.552006 2009
body mass index 1995 3.87 2008 2016
amino acid 1995 2412010 2014
human skeletal muscle 1995 4132012 2017
muscle wasting 1995 6.712013 2016
satellite cell 1995 2492013 2014
double blind 1995 4942014 2017
androgen receptor modulator 1995 3482014 2016
performance 1995 252015 2017
randomized controlled trial 1995 2.842016 2018
lean body ma 1995 2.682016 2017
vitamin d 1995 2442016 2018
physical activity 1995 252017 2018
cognitive impairment 1995 2.882018 2019
protein synthesis 1995 2.372018 2019
gait speed 1995 2.76 2019 2020
health 1995 3.64 2020 2022
outcm 1995 3.522020 2022 —

Fig. 11. Keywords with the strongest burst.

our understanding of muscle function has deepened, experts from the European Working Group on Sarcopenia in Older People
(EWGSOP) have updated the diagnostic criteria for sarcopenia [27]. In 2019, the Asian Working Group for Sarcopenia released an
updated consensus regarding sarcopenia. These guidelines incorporate assessments of physical performance, such as usual gait speed
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Table 6

Top 10 most cited references about heart failure with sarcopenia and focus of the article.

Heliyon 10 (2024) e27913

Rank  First Author Title Frequency  Focus of the article
1 Cruz-jentoft Sarcopenia: revised European consensus on definition and diagnosis 62 the European consensus on sarcopenia
AJ
2 Fulster S Muscle wasting in patients with chronic heart failure: results from the 47 the interaction between HF and sarcopenia
studies investigating comorbidities aggravating heart failure (SICA-
HF)
3 Ponikowski P 2016 ESC Guidelines for the diagnosis and treatment of acute and 45 guidelines for acute and chronic HF
chronic heart failure
4 Bekfani T Sarcopenia in patients with heart failure with preserved ejection 44 the interaction between HF and sarcopenia
fraction: impact on muscle strength, exercise capacity and quality of
life
5 von Haehling ~ Muscle wasting and cachexia in heart failure: mechanisms and 37 the pathophysiology, pathogenesis, and
S therapies treatment of sarcopenia and cachexia in
6 Emami A Comparison of sarcopenia and cachexia in men with chronic heart 29 patients with HF
failure: results from the Studies Investigating Comorbidities
Aggravating Heart Failure (SICA-HF)
7 Springer J Muscle wasting and sarcopenia in heart failure and beyond: update 29 the interaction between HF and sarcopenia
2017
8 von Haehling ~ The wasting continuum in heart failure: from sarcopenia to cachexia 27 the pathophysiology, pathogenesis, and
S treatment of sarcopenia and cachexia in
patients with HF
9 Hajahmadi Muscle wasting in young patients with dilated cardiomyopathy 24 the interaction between HF and sarcopenia
M
10 Chen LK Sarcopenia in Asia: Consensus Report of the Asian Working Group for 24 The Asian consensus on sarcopenia
Sarcopenia
Table 7

Top 10 references with high betweenness centrality about heart failure with sarcopenia and focus of the article.

Rank  First Author Title High- Focus of the article
Betweenness
Centrality
1 Akamizu T Ghrelin for cachexia 0.43 the pharmacological treatment of HF with
sarcopenia —ghrelin

2 Akashi YJ Cachexia in chronic heart failure: prognostic implications and  0.38 the pharmacological treatment of HF with
novel therapeutic approaches sarcopenia —ghrelin

3 Josiak K Skeletal myopathy in patients with chronic heart failure: 0.16 the pharmacological treatment of HF with
significance of anabolic-androgenic hormones sarcopenia —anabolic-androgenic hormones

4 Coats AJS The ACT-ONE trial, a multicenter, randomized, double-blind, 0.15 the pharmacological treatment of HF with
placebo-controlled, dose-finding study of the anabolic/ sarcopeni —the anabolic/catabolic
catabolic transforming agent, MT-102 in subjects with transforming agent (MT-102)
cachexia related to stage III and IV non-small cell lung cancer
and colorectal cancer: study design

5 Anker SD Inflammatory mediators in chronic heart failure: an overview  0.15 the inflammatory mechanisms and

6 Dos Sarcopenia and endothelial function in patients with chronic 0.13 endothelial dysfunction in patients with HF

SANTOSMR heart failure: results from the studies investigating and sarcopenia

comorbidities aggravating HF (SICA-HF)

7 Argiles JM Cancer-associated malnutrition 0.13 the pharmacological treatment of HF with

sarcopenia —nutrients

8 Clark AL Effect of beta-adrenergic blockade with carvedilol on cachexia ~ 0.12 the pharmacological treatment of HF with
in severe chronic heart failure: results from the COPERNICUS sarcopenia —beta-adrenergic blockade
trial (carvedilol)

9 Farkas J Cachexia as a major public health problem: frequent, costly, 0.12 the public health burden caused by HF with
and deadly sarcopenia

10 Baumgartner Sarcopenic obesity predicts instrumental activities of daily 0.12 instrumental activities of daily living

RN living disability in the elderly disability in older adults

and 6-min walking speed. Additionally, low muscle mass is a defining characteristic of sarcopenia. Satellite cells, which play a vital role
in muscle growth and maintenance of muscle mass, play a central role in muscle regeneration. Numerous studies have reported a
decline in satellite cell proliferation and regenerative capacity following aging-associated tissue damage.

The mechanism underlying HF in patients with sarcopenia is a topic of interest. Oxidative stress is the first mechanism to be
discussed. With aging, respiratory chain function and cellular antioxidant defense weaken, leading to increased production of reactive
oxygen species (ROS) [28]. Evidence suggests that ROS can induce mitochondrial dysfunction, accelerate skeletal muscle damage and
degeneration, and contribute to the development of sarcopenia in patients with HF and animal models [29,30]. The second mechanism
worth mentioning is inflammation, particularly regarding TNF-a. Studies have shown elevated TNF-a levels in patients with HF [31].
TNF-a has been found to impair mitochondrial function, resulting in muscle atrophy. This process may involve adiponectin,
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AMP-activated protein kinase, and downstream signaling pathways [32]. Additionally, other pro-inflammatory factors, such as
interleukin 6 and interleukin 1, can exacerbate hemodynamic abnormalities. The inflammatory mechanisms underlying HF with
sarcopenia have been the focus of many studies. Insulin resistance is another cause of concern. Gorshunova et al. observed increased
insulin resistance indices in hypertensive patients with low muscle mass and strength, accompanied by signs of left ventricular
myocardial dysfunction and HF, possibly due to glucose entering the heart and skeletal muscle cells [33]. Malnutrition is another
contributing factor. Evidence suggests that anorexia is independently associated with decreased muscle mass and strength [34].

Third, researchers have focused on treating HF patients with sarcopenia, including nutritional support (such as essential amino
acids or vitamin D supplementation) and physical activity. Clinical studies have demonstrated that supplementation with essential
amino acids and vitamin D improves muscle mass and lower limb function in patients with HF and sarcopenia [35,36]. Physical
activity and exercise training are also crucial. Studies have indicated that aerobic, resistance, and combined exercise training can
enhance heart and skeletal muscle function in patients with HF and sarcopenia [37].

Finally, the appearance of keywords related to cardiac rehabilitation or rehabilitation on the timeline graph indicates increasing
recognition of the importance of cardiac rehabilitation in managing patients with HF and sarcopenia. Cardiac rehabilitation is an
integrated approach that encompasses nutrition, exercise, and medication for the treatment of patients with HF and sarcopenia. This
retrospective cross-sectional analysis demonstrated the potential benefits of cardiac rehabilitation in the prevention and treatment of
HF with sarcopenia [38]. Additionally, a clinical trial conducted by Takata revealed that conventional cardiac rehabilitation combined
with branched-chain amino acid therapy was effective in improving cardiopulmonary and skeletal muscle functions in patients with
HF and sarcopenia [39].

Keyword burst analysis provides insights into the cutting-edge knowledge in specific research fields. Previous studies have pri-
marily focused on growth factors, TNF-a, C-reactive protein, gene expression, and skeletal muscle. It has been observed that sarcopenia
leads to a decrease in anabolic hormones and an increase in catabolic hormones, as highlighted by Jiayu Yin [40]. The growth hormone
(GH)/insulin-like growth factor-1 (IGF-1) axis is considered a crucial regulator of body composition, with skeletal muscles secreting
IGF-1 [41,42]. IGF-1 production may respond to GH and testosterone [43,44]. Lower levels of GH and IGF-1 contribute to poor
physical function and muscle loss [45,46]. Furthermore, evidence suggests that chronic ACE inhibitor therapy with enalapril can
restore the IGF-1 plasma levels in patients with CHF [47]. In recent years, there has been an increase in the number of double-blind
randomized controlled trials focusing on androgen receptor modulators, vitamin D, physical activity, protein synthesis, and health
outcomes. These directions represent the potential frontiers for future research.

There is growing interest in androgen receptor modulators among researchers. Selective androgen receptor modulators (SARMs)
are considered to have fewer serious side effects than testosterone while exhibiting similar anabolic effects, making them a promising
treatment option [48]. Animal experiments have shown that SARMs have the potential to treat sarcopenia; however, this requires
confirmation through clinical trials. A clinical trial demonstrated that MK-0773, a selective androgen receptor modulator, increased
IGF-1 levels and improved muscle function in women; however, this was terminated because of increased cardiovascular risk [49].
Further clinical trials are required to establish the safety and efficacy of SARMs.

Physical activity has significant therapeutic advantages in patients with HF and sarcopenia. A consensus statement from the Eu-
ropean Association for Cardiovascular Prevention and Rehabilitation highlighted that regular physical activity could prevent wasting
syndrome in patients with HF [50]. Evidence suggests that physical activity has a positive impact on patients with HF and sarcopenia,
leading to improvements in proinflammatory cytokine levels and oxidative stress [51,52]. Randomized controlled double-blind trials
provide robust evidence within an evidence-based medicine framework, ensuring the reliability of the study findings in this field.
Researchers have also directed their attention towards health outcomes, indicating a strong concern for disease prevention and
prognosis, aligning with the introduction of cardiac rehabilitation therapy.

Furthermore, cognitive impairment has emerged as a recent focus in studies on patients with HF and sarcopenia. A meta-analysis
indicated an association between sarcopenia and risk of cognitive impairment [53]. Hu et al. discovered a causal relationship between
sarcopenia and cognitive impairment [54]. In elderly patients with HF, cognitive impairment independently predicts poor clinical
outcomes, emphasizing the importance of early identification of sarcopenia to prevent cognitive decline and improve clinical outcomes
[55]1.

5. Limitation

Owing to the limitations of CiteSpace, integrating data from multiple databases is challenging; therefore, we relied solely on the
WOS database for our analysis. Consequently, there is a possibility that we may have overlooked relevant literature by relying on a
single database. In future studies, we intend to explore the possibility of incorporating additional databases to enhance the compre-
hensiveness of our analyses.

6. Conclusion

Bibliometric analysis revealed a growing interest in HF with sarcopenia among researchers in this field. This study examines the key
contributors, prominent regions, and significant publications within the research domain. Research on HF and sarcopenia can be
categorized into three main areas: diagnosis and definition of sarcopenia; mechanisms underlying HF with sarcopenia, including
inflammation and insulin resistance; and treatment strategies such as physical exercise and nutritional support. Recent trends suggest
that potential future research hotspots may include randomized double-blind trials, investigations into inflammation, exploration of
the effects of physical activity and cardiac rehabilitation, studies on androgen receptor modulators, and investigations into clinical
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outcomes, such as cognitive impairment.
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