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Background & Objective: Anemia in patients with heart failure (HF) is a growing concern. However, there has no bibliometric 
analysis in this area up to now. The aim of this study is to explore the status and trends in the field of anemia in HF through the 
bibliometric analysis, and to provide an outlook on future research.
Methods: We retrieved publications from the Web of Science Core Collection database, and the following data analysis and 
visualization tools were utilized to perform data processing, statistical computing and graphics generation: VOSviewer (v.1.6.18), 
CiteSpace (v.6.2 R5), Scimago Graphica (v.1.0.36), Biblimatrix and Microsoft Excel.
Results: We identified a total of 3490 publications from 2004 to 2023. The publications in the field of anemia in HF are growing 
steadily. The United States, the United Kingdom, and Italy were the leading countries in this area. Stefan D Anker, as the most 
influential author, held the most total citations and publications. Harvard University was the most productive institution in this area. 
The European Journal of Heart Failure had published the most papers. Through the analysis of co-citations, 14 major clusters based on 
cluster labels were identified. Keyword analysis showed that mortality, outcome, prevalence, and risk were the most frequent 
keywords, and the potential research hotspots in the future will be intravenous iron and iron deficiency.
Conclusion: This study provides a comprehensive analysis of countries, authors, institutions, journals, co-cited references, and 
keywords in the field of anemia in HF through bibliometric analysis and data visualization. The status, hotspots and future trends in 
this field offer a reference for in-depth research. Further studies are necessary in the future to broaden the spectrum of research in this 
field, to evaluate comprehensive approaches to treating anemia in patients with HF, and to find rational targets for the management of 
anemia.
Keywords: anemia, heart failure, hemoglobin, iron deficiency, bibliometrics

Introduction
Heart failure (HF) is a common clinical syndrome that can be caused by a variety of cardiac diseases and often identified 
by characteristic symptoms such as fatigue and dyspnea caused by structural or functional defects in ventricular filling or 
ejection of blood.1–4 It is estimated that about 64 million people worldwide suffer from heart failure.5 Due to the fact that 
most clinical studies include only confirmed cases of HF, the true prevalence is likely to be higher.6 The clinical burden 
of HF includes impaired quality of life,4,7 high rates of hospitalization,8,9 and poor prognosis.10,11 Considering the current 
state of HF, its prevention and management has become a formidable task.

Anemia is also a global public health concern12,13 with a significant impact on both morbidity and mortality.4,14,15 It is 
defined by the World Health Organization (WHO) as a serum hemoglobin level of less than 13 g/dL for adult males and 
less than 12 g/dL for adult females.16 The WHO criteria are widely used to define anemia in HF patients.4,17,18 It is 
estimated that the prevalence of anemia is 17% in patients with new-onset HF and ≈30% in stable and ≈50% in 
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hospitalized HF patients.18,19 Unfortunately, this is a more serious problem for developing countries. Compared to in 
Sweden, HF patients in Tanzania have more frequent anemia (57% vs 9%).20 And in Egypt, the prevalence of anemia in 
non-hospitalized HF patients is up to 62.9%.21 Reduced hemoglobin concentration leads to impaired oxygen-carrying 
capacity of the blood, and anemia may lead to exercise intolerance when compensations of the cardiovascular and 
skeletal muscle systems are exceeded. This generally happens only for severe anemia but may happen for a lesser degree 
of anemia in patients with HF.22 As a consequence, compared with patients with normal hemoglobin, anemic HF patients 
have lower peak oxygen consumption (peak VO2)23 and shorter distances during the 6-minute walk test.24 In addition, 
observational studies and meta-analysis have suggested that anemia is associated with an increased risk of poor prognosis 
in patients with HF.19,25–27 Therefore, anemia should be considered as an important prognostic-related factor in patients 
with HF. Optimizing the management of anemia in HF is key to improving the quality of life and reducing the risk of 
hospitalization and mortality, and research is advancing in this area. A recent high-quality review summarized current 
treatment for anemia in HF.17 However there is still a lack of studies that illustrate the structure and frontiers of this 
complex field.

Bibliometrics is a cross-discipline science that combines statistical and mathematical methods and is commonly 
applied to quantitative analysis of academic publications.28 It is a combination of mathematics, statistics, and biblio-
graphy that visually reveals the evolution and frontiers of a particular field. Comprehensive bibliometric studies can 
advance a field in novel and meaningful ways.29 Bibliometric analysis has been widely performed in studies related to 
HF,30,31 but little has concerned anemia in HF. Regarding the importance of anemia in HF, this study aims to analyze the 
global publications in this field from 2004 to 2023 via a bibliometric perspective to gain insights into: (i) the countries, 
authors, institutions, journals, co-cited references, and keywords; (ii) the current status, hotspots and future trends of 
research in the field of anemia in HF.

Materials and Methods
Paper Retrieval and Data Extraction
We conducted a systematic literature search and data extraction from Web of Science Core Collection (WoSCC) database 
for published articles from 2004 to 2023. We used the search strategy TS = (“anemia” OR “anaemia”) AND TS = (“HF” 
OR “heart failure” OR “cardiac failure” OR “heart decompensation” OR “myocardial failure”) to retrieve articles and 
reviews related to anemia and HF. All publications were retrieved up to October 6, 2023. Only articles and reviews in 
English were included, while other forms of publications, such as meeting abstract, editorial material, letter, proceeding 
paper, early access, book chapters, correction, retracted publications were excluded. Duplicate publications were 
identified and removed using Citespace (v.6.2 R5). A total of 2938 articles and 552 reviews were obtained (Figure 1).

Bibliometric Analysis
We analyzed the bibliometric indicators, including the number of publications (NP) and total citations (TC), obtained 
from the WoSCC database to evaluate the quality of the publications. We employed statistical computing, graphics, and 
data visualization tools including VOSviewer (v.1.6.18), Citespace (v.6.2 R5), Scimago Graphica (v.1.0.36), Biblimatrix 
(a package for the R statistical programming language), and Microsoft Excel. CiteSpace was set up with the following 
parameters: (1) the time slice was set to 1 year; (2) the node type was set to “countries”, “institutions”, “authors”, and 
“keywords” respectively, to generate the co-occurrence networks; other parameters were set by default. In VOSviewer, 
we selected the minimum number of documents for the nodes according to the needs of data visualization and other 
documents were set by default. Most of the visualizations were produced by Citespace and VOSviewer. While Scimago 
Graphica was used to enhance the visual analysis of countries and publications, and trend topics by year were generated 
by Biblimatrix. Other variables including average article citations, total link strength, the publication year of start and 
centrality were analyzed by Citespace and Bibilimatrix, and collated using Microsoft Excel. As defined by Jorge 
E. Hirsch, the h-index is “the number of papers with citation number ≥ h”, which reflects the impact of a scientist’s 
cumulative research contributions.32 The h-index was obtained from Scopus (https://www.scopus.com).
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Results
Annual Publication Trends
With our search strategy, we identified a total of 3490 publications (including 2938 articles and 552 reviews) from 2004 
to 2023, containing 969 journals, 20,124 authors, 13,270 institutions. The annual publication volume is on the rise, 
reflecting the pace and progress of research in this field, as well as the level of interest it has generated. The cumulative 
publications can be accurately modeled by a quadratic function (R2=0.9999), indicating a consistent upward trend 
(Figure 2). We anticipate that this trend will remain stable in the future.

Figure 1 Flow chart of publications selection.

Figure 2 Growth trend of publications from 2004 to 2023.
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Country Analysis
The analysis of publications from different countries provides valuable insights into the importance placed on a research 
area by a country and the degree of its influence in the area. Table 1 displays the top 10 countries receiving the most total 
citations (TC), which indicates a country’s influence and publication quality in the field of anemia in HF. The United 
States obtained the most citations (42,024) and publications (902), followed by the United Kingdom and Italy with 
10,089 and 8971 total citations, respectively. Most countries in the table had an average of more than 30 citations per 
publication, except Japan and Spain, with 15.3 and 27.9 average citations respectively.

We utilized Vosviewer to generate cooperation and clusters between countries/regions of all authors, and Scimago 
Graphica to create a geographical map (Figure 3A). Among the different cooperative network clusters, inter-country 
cooperation was general, and the United States displayed a remarkable inter-country cooperation in this area. This 
finding suggests that countries should further deepen their cooperation to promote the development of the discipline. 
Figure 3B shows the trend over time in the number of publications from the top 10 countries with the most total 
citations. The number of publications in the United States has been far ahead from 2004 to 2023 and has maintained 
the highest growth rate. The publication rates of other countries have either remained stable or have shown a mild 
upward trend.

Author and Institution Analysis
The top 10 authors with the highest number of publications are listed in Table 2. Stefan D Anker from Charité Campus 
Virchow-Klinikum, Berlin, Germany got the first place with both highest number of total citations (8426) and publica-
tions (87) in this area, followed by Piotr Ponikowski and Dirk J van Veldhuisen. Figure 4A presents the author co- 
occurrence network developed by Citespace. Authors with more citations and publications tend to collaborate more. 
Figure 4B shows the visualization of the earliest publication time and publication volume of institutions by year 
generated by Scimago Graphica, and top 10 institutions with the largest number of publications are listed in Table 3. 
Harvard University was the most productive institution with 138 articles, followed by University of Groningen with 114 
articles, University of California System with 109 articles.

Bibliometric Analysis of Journals
The VOSviewer software was used to identify the most prominent and productive journals related to anemia in HF. In 
total, 3490 publications were found in 969 academic journals, and the top 10 journals with the most publications are 
listed in Table 4. European Journal of Heart Failure, with the impact factor (IF) of 18.2 according to Clarivate’s Journal 
Citation Reports, published the most papers with a total of 110. American Journal of Cardiology, with an IF of 2.8 and 94 
publications, ranked second. International Journal of Cardiology was found to be the most cited journal. The journal co- 
occurrence map (Figure 4C) indicates that European Journal of Heart Failure is the largest node.

Table 1 Top 10 Countries Rated by Total Citations

Country TC NP Average Article  
Citations

USA 42024 902 46.60
United Kingdom 10,089 212 47.60

Italy 8971 204 44.00

Germany 7299 145 50.30
Netherlands 6397 124 51.60

Japan 4768 312 15.30

Spain 4019 144 27.90
Canada 3740 85 44.00

France 3609 93 38.80

Poland 3383 93 36.40

Abbreviations: TC, total citations; NP, number of publications.
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Reference Analysis
The reference co-citation analysis is one of the core functions of CiteSpace, which can extract cluster labels based on 
cited documents.33 The cited documents represent the research frontier and knowledge base.34 Therefore, analyzing 

Figure 3 Country analysis. (A) The cooperation map of countries/regions. (B) The trend over time in the number of publications from the top 10 countries.

Table 2 Top 10 Authors Rated by the Number of Publications

Author Country h-index TC NP PY-start

ANKER SD Germany 178 8426 87 2004

PONIKOWSKI P Poland 161 8369 73 2007

VAN VELDHUISEN DJ Netherlands 149 6262 71 2004
VAN DER MEER P Netherlands 76 3980 52 2004

VOORS AA Netherlands 119 3760 46 2004

JANKOWSKA EA Poland 63 3240 44 2010
VON HAEHLING S Germany 80 2841 40 2007

MCMURRAY JJV United Kingdom 197 5126 39 2004

FILIPPATOS G Greece 143 5002 35 2008
CLELAND JGF United Kingdom 153 1689 27 2004

Abbreviations: TC, total citations; NP, number of publications; PY-start, publication year of start.
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typical clusters can help to understand the core information of research in this field, as well as its evolution and 
development. We set a recommended scale factor of k = 25 to identify homogenized groups of highly cited documents in 
the field. We also checked and explained the co-citation of references. Cluster analysis can be used to study the structure 

Figure 4 Analysis of authors, institutions, and journals. (A) Collaboration network of authors. (B) The earliest publication time and volume of institutions by year. (C) Co- 
occurrence map of journals.

Table 3 Top 10 Institutions Rated by 
Number of Publications

Institution NP

Harvard University 138

University of Groningen 114

University of California System 109
Free University of Berlin 101

Udice French Research Universities 101

Duke University 99
Charite Universitatsmedizin Berlin 98

US Department of Veterans Affairs 98

Humboldt University of Berlin 97
Veterans Health Administration (VHA) 97

Abbreviation: NP, number of publications.
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of knowledge and the boundaries of research interests. By conducting cluster analysis on co-cited documents, we 
summarized the research areas and identified hotspots, as well as research directions.35 From the 207 clusters extracted 
from a total of 81,462 references, we identified the 14 largest clusters based on cluster labels extracted from the title of 
cited publications using the Log-likelihood ratio (LLR) and mutual information (MI) algorithm, including #0 ferric 
carboxymaltose, #1 iron deficiency, #2 heart disease, #3 heart failure, #4 cardiovascular risk, #5 chronic heart failure, #6 
treatment option, #7 sodium-glucose co-transporter, #8 cardiorenal syndrome, #9 red cell distribution width, #10 chronic 
obstructive pulmonary disease, #11 graft survival, #12 current intravenous iron preparation, #17 hospital-acquired 
anemia, see Figure 5.

Table 4 Top 10 Journals Rated by Number of Publications

Journal Publications TC TLS IF (2022) CQ (2022)

European Journal of Heart Failure 110 37 35,278 18.2 Q1
American Journal of Cardiology 94 49 21,043 2.8 Q3

International Journal of Cardiology 94 2977 22,606 3.5 Q2

ESC Heart Failure 71 61 19,940 3.8 Q2
PLoS One 63 1314 7627 3.7 Q2

Journal of Cardiac Failure 52 2639 17,064 6.7 Q1

Journal of the American College of Cardiology 47 913 16,401 24.4 Q1
Journal of Clinical Medicine 40 165 9574 3.9 Q2

American Heart Journal 39 194 11,226 4.8 Q2
Circulation Journal 35 80 7063 3.3 Q2

Abbreviations: TC, total citations; TLS, total link strength; IF, impact factor; CQ, category quartile.

Figure 5 Cluster network of co-cited references and the dependencies between clusters.
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The modularity Q value was 0.7212, and the weighted mean silhouette of each cluster was 0.8948, indicating 
satisfactory cluster quality. Darker contours represent more recent clusters, such as #1 and #7, while lighter contours 
represent earlier clusters, such as #4 and #5. Node size in the network is proportional to the betweenness centrality, which 
measures the probability that a node lies on the shortest path between any two nodes in the network. Nodes with high 
betweenness centrality may act as mediators between different clusters or within clusters, facilitating the transformation 
of research topics and paradigms.36,37 Cluster dependencies reflect dependencies between clusters. For example, some 
clusters could build on several others, and one cluster may provide a knowledge base for several others. As shown in 
Figure 5, the arrows point to the earlier clusters, which indicates the dependencies between clusters and the evolution of 
research in the field. Cluster #2 and Cluster #0 are pivotal clusters. Meanwhile, Cluster #17 developed independently. 
Table 5 lists the top 10 references ranked by centrality. Five out of the top 10 references are in Cluster #0, and three in 
Cluster #2, indicating these two groups are the most influential clusters.

Keywords
VOSviewer was utilized for keyword co-occurrence and clustering analysis. A total of 8910 keywords were extracted, 
of which 24 had more than 200 appearances and 46 had more than 100 appearances. The keyword density plot 
identified high frequency co-occurring words and revealed research hotspots (Figure 6C). Excluding search terms, the 
most significant keywords were mortality, outcome, prevalence, and risk. Clustering analysis was used to reveal the 
knowledge structure of the research area.36 Based on the strength of the links between the top 200 co-occurring 
keywords, the network was divided into four clusters with clear homogeneity among terms within each cluster 
(Figure 6A). The size of the nodes indicates the frequency of occurrence. Cluster 1 (red) was the largest and the 
most important cluster, containing 100 keywords, which is related to mortality, outcome, risk, and disease. Cluster 2 
(green) comprised 41 keywords, containing prevalence, intravenous iron, ferric carboxymaltose, and iron deficiency. 
Cluster 3 (blue) contained 40 keywords, including chronic kidney disease, erythropoietin, risk factors, and congestive 
heart failure. Cluster 4 (yellow) was the smallest cluster with 16 keywords, including hemoglobin, morbidity, iron 
deficiency, and renal function.

The timeline map of high-frequency keywords was generated by CiteSpace to display the evolutionary process in 
different clusters.38 Keyword bursts were utilized to detect the frequency and magnitude of keyword occurrences, 
which described the relationship between clusters from a temporal perspective. The keyword timeline map and burst 
analysis provided a depiction of the temporal characteristics of clustering. The color of each keyword was plotted 
according to the year it first appeared, and the color of the link indicated the year in which both keywords first 
appeared simultaneously (Figure 6B). We identified 25 keywords that represented the research field in terms of burst 
intensity, duration, and timing through CiteSpace for burst analysis of keywords (Figure 6D). Timeline analysis of 
keywords is shown in Figure 7A. Trend topics were generated by Biblimatrix for hotspots and trend analysis, see 
Figure 7B.

Table 5 Top 10 References Ranked by Centrality

Centrality References Cluster ID

0.17 Okonko DO, 2008, J AM COLL CARDIOL, V51, P103 2
0.15 Comin-Colet J, 2013, EUR HEART J, V34, P30 0

0.11 Macdougall IC, 2019, NEW ENGL J MED, V380, P447 3

0.10 Anker SD, 2009, NEW ENGL J MED, V361, P2436 0
0.09 Jankowska EA, 2013, EUR HEART J, V34, P816 0

0.08 Nanas JN, 2006, J AM COLL CARDIOL, V48, P2485 2

0.08 Swedberg K, 2013, NEW ENGL J MED, V368, P1210 2
0.07 Weiss G, 2005, NEW ENGL J MED, V352, P1011 5

0.06 Ponikowski P, 2015, EUR HEART J, V36, P657 0
0.06 Filippatos G, 2013, EUR J HEART FAIL, V15, P1267 0
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Discussion
Anemia significantly affects the prognosis of HF, and vigorously dealing with anemia improves the quality of life, as well 
as reduces the risk of hospitalization and death in HF patients.

Citespace and Vosviewer are now widely used to analyze scientific dynamics and hotspots that present the structure, patterns, 
and distribution of knowledge and summarize the relationships between authors, countries, journals, and institutions through 
visualized mapping. Our findings suggested that from 2004 to October 6, 2023, a total of 3490 papers and reviews were published. 
The number of publications within a certain period reflects trends in the impact of the research as well as the level of interest. As 
the trend in cumulative publications shows, publications related to anemia in HF are increasing, and nearly half of the total number 
of studies has been published in the last 7 years (2017–2023). This indicates that the field is gradually receiving more attention. 
One possible reason is that anemia was first recognized as one of the comorbidities associated with morbidity and mortality in the 
guidelines published in 2005 by the American College of Cardiology (ACC) and the American Heart Association (AHA).39 This 
may lead researchers to focus on the pathophysiology, pathogenesis, and treatment of anemia in heart failure. From that time on, 
the data has become increasingly extensive. As clinical evidence grew, in the 2021 Update to the 2017 ACC Expert Consensus 
Decision Pathway for Optimization of Heart Failure Treatment, one of 10 key points included anemia assessment and treatment 
throughout the hospitalization period.40 This may further promote investigations into the management of anemia in HF.

Figure 6 Keywords analysis. (A) Keyword co-occurrence network. (B) Keyword co-occurrence network based on publication time. (C) Density map of keywords. (D) Top 
25 keywords with the strongest citation bursts.
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The total citations suggest that the United States, the United Kingdom, and Italy dominate the field. These countries 
(especially the United States) are the main connecting points for inter-country communication that promote international 
academic research and cooperation. Netherlands has more average article citations than any other country, demonstrating 

Figure 7 Timeline view and trend topics. (A) Timeline view of keywords categorized by cluster. (B) Trend topics in the field of anemia in HF.
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the high quality of its publications. Meanwhile, Japan is the only Asian country in the top 10 of total citations, but its 
average article citations are significantly lower than other countries, reflecting a need for improvement in the quality of 
research. China has cooperative relationships mainly with the United States and Asia-Pacific countries and given its high 
number of publications and low number of citations, it is recommended to deepen China’s cooperation with other 
countries to enhance international influence and the quality of research. Considering the publication trends, the number of 
publications in the United States has maintained a significantly higher growth rate than other countries. Combined with 
its top number of publications and total citations, this indicates that the United States is playing a leading role in the field 
of anemia in HF.

Interestingly, the top 10 authors are all from Europe, without any from the United States. Stefan D Anker from 
Germany has received numerous recognitions for his scholarship as the most influential author with the most total 
citations. His research interests include the pathophysiology and treatment of HF, cardiac device therapy, and cardio-
vascular biomarkers. The health status and prognosis of HF patients with anemia have been the focus of his research in 
recent years.41,42 Iron deficiency is a common trigger for the deterioration of anemia in HF patients, which needs to be 
tackled to reduce hospitalizations and improve quality of life, his team noted.43 In addition to conventional oral and 
intravenous iron therapy, his team found that in HF patients, empagliflozin rapidly increased hemoglobin and reduced the 
rate of new-onset anemia, leading to better prognosis.44 Furthermore, the collaboration network reveals that authors with 
more citations and publications have more tendency to collaborate. Stefan D Anker, Piotr Ponikowski and Dirk J van 
Veldhuisen are key nodes in the network, which may explain their higher total citations than other authors.

Major research institutions in terms of publications include Harvard University, University of Groningen, and 
University of California System. Most of these research institutions are universities, located in the United States, 
Germany, France, and Netherlands, which points to the key position of these regions. The publication time and volume 
of institutions by year indicated that most of highly productive institutions were also the first to engage in this field. 
While German Centre for Cardiovascular Research has not been involved in this area of until the last 5 years but has 
produced a conspicuous volume of publications.

The impact factor of the top 10 journals with the most publications is less impressive, with only 3 journals having an 
impact factor greater than 5, and all were Q1 journals, including European Journal of Heart Failure, Journal of Cardiac 
Failure, and Journal of the American College of Cardiology. European Journal of Heart Failure has the greatest number 
of publications, but surprisingly it is the least cited journal. This may be related to the late publication time of relevant 
articles. European Journal of Heart Failure and International Journal of Cardiology have the highest total link strength, 
highlighting their contributions to inter-institutional collaboration in this area. We are looking forward to more innovative 
and groundbreaking studies emerging in high-quality journals to promote research in this field.

We identified 14 major clusters based on the Log-likelihood ratio (LLR) and mutual information (MI) algorithm. 
Cluster #2 and Cluster #0 are key nodes in the development of the field of anemia in HF, which play a role as a bridge 
between earlier and more recent research. Each cluster has a different focus, and we classified these clusters into four 
categories based on characteristics.

The following clusters are dedicated to the pathophysiology, treatment, and prognosis of HF. Cluster #1 investigated 
the pathophysiology of iron deficiency in HF, as well as the causes, pathogenesis, and management of iron deficiency and 
anemia in HF patients.18,45 Cluster #6 explored the non-hematopoietic biological effects of erythropoietin, including anti- 
apoptotic and pro-angiogenic effects of potential benefits to HF.46–48 Cluster #7 focused on the involvement of Sodium- 
Glucose Co-Transporter 2 (SGLT2) in HF during energy metabolism regulation, hemodynamics, erythropoiesis, iron 
bioavailability and inflammatory set points.49 The clinical findings are inspiring, and empagliflozin, by simply inhibiting 
SGLT2 expressed in renal tubular epithelial cells, not only effectively controls blood glucose levels, but also improves 
the prognosis of HF.50,51 SGLT2 inhibitor, one of the hotspots in the field of HF, has recently been proven to increase 
hemoglobin levels,52 which reinforces its position in the treatment of anemia in HF. Cluster #8 was concerned about 
cardiorenal co-morbidities, in which kidney dysfunction took an important role in the pathogenesis and prognosis of 
HF.53,54 Cardiorenal syndrome (CRS) reflects the tangled relationship between simultaneous cardiac and renal damage. 
In CRS, loss of function in one organ contributes to reduced function in the other organ, which is attributed to 
mechanisms such as activation of neurohormonal networks, oxidative injury, and inflammatory cytokines.55 Comorbid 
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anemia may occur in patients with CRS, and ultimately develop cardiorenal anemia syndrome (CRAS), which represents 
a vicious cycle where each of the 3 factors activates each other and results in tissue damage.55 A retrospective study from 
the Middle East suggests that 1 in 3 patients have CRS and 1 in 4 patients have CRAS among HF patients.56 Studies from 
developed countries such as Italy, Australia and Korea have showed similar prevalence of CRAS.57–59 While Tanzania’s 
HF patients had a notably higher prevalence of CRAS (44.4%).60 It appears that CRAS may be a more serious problem in 
developing countries. To date, data on optimal treatment strategies for CRAS are limited,55 and future research needs to 
pay more attention to multidisciplinary approaches in the management of CRAS.

The following clusters focus on drugs and clinical trials of anemia in HF. Cluster #0 evaluated the benefits and safety 
of using ferric carboxymaltose to rectify iron deficiency and anemia in patients with HF.61,62 Cluster #3 emphasized the 
benefits of rectifying iron deficiency in HF patients whether combined with anemia or not.63 Cluster #5 explored the 
effect of anemia on HF prognosis and the benefits of erythropoietin therapy on exercise capacity and quality of life, but 
its safety was in doubt.19,64,65 Cluster #12 reviewed the advantages and disadvantages of several common intravenous 
iron agents. Ferric carboxymaltose, as the third-generation intravenous iron agent, has overcame the limitations of 
previous intravenous iron agents, providing effective and rapid treatment of iron-deficiency anemia.66

The following clusters discussed the factors affecting the prognosis of HF. Cluster #2 assessed the impact of anemia 
on the prognosis of HF and suggested that anemia should be considered as a practical prognostic marker.26,67 Cluster #4 
centered around anemia, HF, and chronic kidney disease.68,69 It highlighted the fact that these three interacted with each 
other in a vicious cycle known as cardiorenal anemia syndrome. Cluster #9 focused on red cell distribution width (RDW) 
and found that RDW levels were independently associated with morbidity, long-term prognosis, and mortality in HF.70–72 

RDW is traditionally used for differential diagnosis of anemia, and it is expected to evaluate the prognosis of HF 
independently or in combination with hemoglobin.73,74

The following clusters were associated with comorbidities of HF. Cluster #10 established a correlation between HF 
and chronic obstructive pulmonary disease (COPD).75 It is not rare for patients to have these two conditions simulta-
neously and they can be confused by the common cardinal symptom of breathlessness. Cluster #11 suggested the need to 
focus on cardiovascular comorbidities in kidney transplant recipients, who are more vulnerable to HF, and graft survival 
is related to hemoglobin levels.76,77 Cluster #17 concerned about the prevalence, risk factors and clinical outcomes of 
hospital-acquired anaemia in patients with cardiovascular disease.78 The key to the management of hospital-acquired 
anemia is to avoid bleeding and blood wastage, eg avoiding unnecessary laboratory tests and the use of smaller blood 
collection tubes, which gives a clue to the management of anemia in HF.

By analyzing the keywords in the field of anemia in HF, it was found that the most common keywords were mortality, 
outcome, risk, and disease. Four distinct clusters were formed based on the above high-frequency keywords: “mortality, 
outcome, risk, and disease”; “prevalence, intravenous iron, ferric carboxymaltose, and iron deficiency”; “chronic kidney 
disease, erythropoietin, risk factors, and congestive heart failure”; “hemoglobin, morbidity, iron deficiency, and renal 
function”. These themes have boosted research related to anemia in HF.

Citation burst reveals trends and changes in subject by analyzing keywords with a sudden increase in frequency over 
a certain period. The red lines in Figure 6D indicate the duration of time the keyword lasted from the year it suddenly 
appeared. It is evident that ferric carboxymaltose, exercise capacity, and iron deficiency have shown a tendency to 
become research hotspots in the last 5 years. The proliferation of these keywords anticipates that therapeutic targets for 
anemia in HF are progressively concentrating on rectifying iron deficiency, with ferric carboxymaltose as the topical 
drug. While exercise capacity has received equal attention due to its close association with anemia. These are fast- 
growing hotspots for future research in the field with promising outlook.

By analyzing the timeline view of keywords and trend topics, dynamic tracking of hotspots and trends in different 
periods can be achieved. Researchers have made many advances in the field of anemia in HF, from the early focus on 
anemia in cardiorenal comorbidities and subcutaneous erythropoietin for anemia rectification, to the exploration of risk 
factors, morbidity, and prognosis, as well as in recent years to the concern with third-generation intravenous iron agents, 
including ferric carboxymaltose and iron isomaltoside.

In summary, it is reasonable to believe that research in this field will continue to focus on intravenous iron and iron 
deficiency in the foreseeable future. Meanwhile several flaws in the research of this field have been exposed. First, it 
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should be noted that the current research hotspots are relatively homogeneous, and even the guidelines are mainly 
addressing iron deficiency rather than anemia.79 Certainly iron deficiency is a common cause of anemia. However, there 
are various factors that contribute to anemia, and in terms of common causes, these include malnutrition (iron, folic acid, 
and vitamin B12 deficiencies), renal dysfunction, inflammatory diseases, and unexplained anemia.67,80 Therefore, there is 
an urgent need to expand the spectrum of future research beyond iron deficiency. And fully exploring the mechanisms of 
anemia in HF may lead to new strategies for the treatment. Second, the optimal therapeutic target for anemia in HF is 
currently inconclusive. It has been found that in patients with HF, the mortality follows a J-shaped curve with 
hemoglobin levels, ie mortality increases when the level of hemoglobin is <13-14g/dL or >16-17g/dL.81,82 Moreover, 
repeated intravenous iron administration over time may lead to iron overload, which may aggravate heart damage.18 

Thus, it is necessary to find an appropriate therapeutic target for the treatment of anemia and optimize the prognosis of 
HF. Third, compared to developed countries, fewer studies in this field have been conducted in developing countries, 
where anemia in HF is a more serious problem. This suggests that developing countries should pay more attention to this 
field in further research. Finally, plenty of studies have demonstrated a strong correlation between anemia and poorer 
outcomes in patients with HF. Due to the many potential confounding factors, however, in patients with HF, it is not 
completely certain whether anemia is an independent predictor of outcomes or simply a mirror of severity and 
comorbidities.83 For progress on these issues, future clinical trials are necessary to evaluate comprehensive approaches 
and therapeutic goals for treating anemia in HF and to further elucidate the role of anemia in HF.

Limitations
There are some hard-to-avoid limitations to our study. First, we did not analyze data from developing countries 
separately, meanwhile a large amount of data was from Europe and North America, which to some extent limited the 
reference value of our study for developing countries. For example, the large-scale use of intravenous iron recommended 
by the guidelines may not be practical in lower- and middle-income countries because of the cost.84 Second, we collected 
publications only from the WoSCC database and with a cutoff date of October 6, 2023, which may have led to 
incomplete inclusion and biased analysis of research trends. Third, we only included publications in English, and 
other languages were excluded. However, considering the small number of publications in other languages that we 
excluded compared to the publications we included, this has a modest impact on the results.

Conclusion
This is the first bibliometric study in the field of anemia in HF, and we comprehensively analyzed countries, authors, 
institutions, journals, co-cited references, and keywords from 2004 to 2023. The results illustrated that this field has 
received extensive attention from researchers over the past two decades. Moreover, the focus of the research varies in 
each period, suggesting that research in this field is constantly developing. There will be a need for more mechanistic 
studies and clinical trials to broaden the spectrum of research in the field of anemia in HF, to evaluate comprehensive 
approaches, and to find appropriate therapeutic targets. While investigating the independent predictive ability of anemia 
on HF prognosis is also one of the important future works. In brief, anemia is expected to receive increasing attention in 
HF, and our study can help researchers to quickly understand the knowledge structure, hotspots, and trends in this field.
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