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Background: Chronic kidney diseases (CKD) is a severe public health problem. This study aimed to explore the field of inflammation-related research in CKD from a bibliometric perspective.

Methods: Relevant literature published between 2004 and 2023 were searched from the Web of Science database. The bibliometric analysis were performed to summarize countries, institutions, authors, journals and keywords using VOSviewer and CiteSpace.

Results: A total of 9,287 publications on CKD and inflammation were included. Publications were mainly from the United States, China, Italy, Germany, and Japan. The findings revealed that the United States had the highest number of publications in this field, followed by China. There is strong collaboration between the two countries. The most productive institutions included the University of California system and the US Department of Veterans Affairs. Research hotspots primarily focused on inflammation mechanisms, biomarkers, and interventions.

Conclusion: This study revealed the basic knowledge structure and provided a comprehensive insight into the research field of CKD and inflammation through bibliometric methods. Future studies should focus on early diagnosis, prevention, and treatment strategies of CKD, and explore more inflammation associated biomarkers and therapeutic targets for CKD.
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1 Introduction

Chronic kidney disease (CKD) is defined as the presence of structural and functional renal dysfunction for at least 3 months and characterized by reduced glomerular filtration rate, albuminuria, renal morphological changes, tubular dysfunction, or a history of kidney transplantation (1). As a significant and growing global public health problem, CKD affects 800 million people worldwide (2), and causes millions of death every year (3), which ranked 16th leading cause of death worldwide (4) Liyanage et al. conducted a study on end-stage kidney disease (ESKD) renal replacement therapy in 123 countries. The findings revealed that in 2010, 2.618 million individuals underwent renal replacement therapy, out of which 2.05 million received dialysis. The prevalence of ESKD treatment exhibited significant regional variation, with 80 cases per million people in Africa and 1840 cases per million people in North America (5). The pathophysiology of CKD manifests as progressive renal damage, which may leads to the progression of renal dysfunction and may eventually progress to end-stage renal disease (ESRD) (6). The economic burden caused by CKD is increasing due to the aging population and prevalence of comorbid diseases (7).

In recent years, the role of inflammation in the pathogenesis of CKD has received extensive attention. One of the key features underlying the progression of CKD is the persistent and systemic inflammation observed in these patients (8, 9). Inflammation plays a crucial role in the initiation and progression of CKD and contributes to the development of various complications, such as cardiovascular diseases (10), malnutrition (11), anemia (12), and renal osteopathy (13). Microinflammatory state is an important risk factor for mortality in chronic kidney disease (14). Therefore, certain inflammatory biomarkers have been reported to be used as possible predictors and therapeutic targets for CKD (15).

Despite the rapidly growth of published literatures on the relationship of inflammation and CKD, there has been limited effort to systematically analyze and map the research landscape in the field. A comprehensive understanding of the current state of research, key players, and emerging trends is essential for guiding future research directions and identifying knowledge gaps.

Bibliometric analysis is a powerful tool for analyzing scientific literatures and visualizing research landscapes. It provides insights into influential countries, institutions, authors, and journals. It also helps to identify research hotspots and emerging trends (16). For instance, a bibliometric analysis reported the worldwide research patterns and focal points concerning autophagy and kidney disease between 2000 and 2022 (17), while another bibliometric analysis has been conducted on the topic of schizophrenia and inflammation studies (18). Nevertheless, as of now, no bibliometric analysis has been published regarding the subject of inflammation and CKD. In order to fill this research gap, we conducted this bibliometric analysis study to explore the field of inflammation-related research in CKD.



2 Methods


2.1 Data acquisition and search strategy

The literatures related to the role of inflammation in CKD from January 1st, 2004 to December 31, 2023 were searched in the Web of Science Core Collection (WOSCC) database on January 20, 2024.The search formula was as follows: (((((((((((((((((((TS = (Renal Insufficiency, Chronic)) OR TS = (Chronic Renal Insufficiencies)) OR TS = (Renal Insufficiencies, Chronic)) OR TS = (Chronic Renal Insufficiency)) OR TS = (Kidney Insufficiency, Chronic)) OR TS = (Chronic Kidney Insufficiency)) OR TS = (Chronic Kidney Insufficiencies)) OR TS = (Kidney Insufficiencies, Chronic)) OR TS = (Chronic Kidney Diseases)) OR TS = (Chronic Kidney Disease)) OR TS = (Disease, Chronic Kidney)) OR TS = (Diseases, Chronic Kidney)) OR TS = (Kidney Disease, Chronic)) OR TS = (Kidney Diseases, Chronic)) OR TS = (Chronic Renal Diseases)) OR TS = (Chronic Renal Disease)) OR TS = (Disease, Chronic Renal)) OR TS = (Diseases, Chronic Renal)) OR TS = (Renal Disease, Chronic)) OR TS = (Renal Diseases, Chronic) AND ((((TS = (inflammatory) OR TS = (inflammation biomarkers) OR TS = (oxidative stress biomarkers)OR TS = (endothelial biomarkers). Literature types including regular and review articles were retrieved without publication language restrictions. The relevant articles were exported and stored in the form of plain.txt (including full records and cited references) for further analyses.



2.2 Selection criteria

(1) The full-text articles were related to the role of inflammation in CKD; (2) Both the research and review articles were written in English; (3) The articles were published between January 1st, 2004 and December 31, 2023.



2.3 Exclusion criteria

(1) The subjects of the articles were not related to the role of inflammation in CKD; (2) Publications are conference abstracts, news, briefings, etc.



2.4 Data analysis

GraphPad Prism v8.0.2 was utilized in this study to analyze and visualize the publishing trend and proportion of annual and national publications (19). In addition, CtieSpace [6.2.4r (64 bit) advanced version] and VOSviewer (version 1.6.18) were used to analyze and visualize the map of scientific knowledge. VOSviewer is a free Java-based software developed by Waltman et al. in 2009. It analyzes and presents extensive literature data in the form of maps (20). Professor Chen Chaomei developed CiteSpace software to visually demonstrate the research findings in a specific field (21). This software allows users to analyze new concepts, assess current technologies, and gain insights into the knowledge field, research frontiers, trends, and future research directions.




3 Results


3.1 Literature search results

As the literature search process shown in Figure 1, a total of 9,287 articles were enrolled, including 6,873 researches (84.96%) and 2,414 reviews (15.04%). The literatures covers 126 countries and regions, 7,354 institutions and 42,728 authors.

[image: Figure 1]

FIGURE 1
 Flow chart of the literature search.




3.2 Analysis of publications

The number of annual publications has increased slowly since 2004 (Figure 2). We divided the process into three stages: 1. from 2004 to 2006, as the annual number of published papers was less than 200, the growth was slow, indicating that this field has not received much attention; 2. from 2007 to 2012, as the number of published papers gradually increased, it indicates that this field has been gradually noticed by the researchers; 3. after 2013, the number of papers published in this field surged and peaked in 2022, indicating that this field has received widespread attention.

[image: Figure 2]

FIGURE 2
 Chart of annual publication volume.




3.3 Analysis of the most productive countries

The role of inflammation in CKD has been studied in 126 countries and regions. Figures 3A,B showed the number of annual publications by the top 10 countries in the past decade. The top five countries are the United States, China, Italy, Germany, and Japan. The number of papers published in the United States accounted for 26.22% of the total, far more than other countries.

[image: Figure 3]

FIGURE 3
 The most productive countries (A, line chart of national publications; B, heat map of national publications; C, national cooperation network).


Among the top 10 countries/regions in terms of publication volume, the United States has 134,434 citations (Table 1), surpassing all other countries/regions. Its paper citation/publication ratio (55.21) ranks first among all countries/regions, indicating that the quality of its published papers is generally high. China ranks second in terms of publication volume (1937 articles) and second in terms of citation frequency (41290), with a lower citation/publication ratio (21.32), indicating a lower quality of its published articles. As the cooperation network shown in Figure 3C, there is a close cooperation between China and the United States with the highest production volume. The United States also has close cooperation with other countries such as Italy, England, and France, while China has cooperation with countries such as Japan, South Korea, and Germany. The United States has the largest number of publications and the highest citation frequency, which is in a leading position in this field. In recent years, the number of publications in countries such as China and Italy also has rapidly increased, which may be related to cooperation with the United States.



TABLE 1 Top 10 countries with the most publications.
[image: Table1]



3.4 Analysis of the most productive institutions

7,354 institutions have contributed to researches on the role of inflammation in CKD. Among the top 10 institutions in terms of the publication numbers, 5 are from the United States, 3 from France, 1 from Sweden, and 1 from England (Table 2; Figure 4). The University of California system published the most articles (319 papers, 21,214 citations, 66.50 citations per paper). The US Department of Veterans Affairs (221 papers, 11,335 citations, 51.29 times/article) ranked second, and the Veterans Health Administration (VHA; 212 papers, 10,719 citations, 50.56 times/article) ranked third. The institutional cooperation network showed that institutions were inclined to cooperate with their own domestic units. Therefore, it should be encouraged to strengthen cooperation between domestic and foreign institutions and break academic barriers.



TABLE 2 Top 10 institutions with the most publications.
[image: Table2]
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FIGURE 4
 Institutional cooperation network diagram.




3.5 Analysis of the higher-impact journals

The top 10 journals with the greatest number of publications and most citations were summarized in the Table 3 and Figure 5A. Nephrology Diagnosis Translation (216 articles, 2.33%) was the most published journal in this field, followed by PLOS One (197 articles, 2.12%), IEEE access (175 articles, 1.88%), Kidney International (171 articles, 1.84%), and International Journal of Molecular Sciences (131 articles, 1.41%). Among the top 10 journals with the most production, the impact factor (IF) of Kidney International is the highest of 19.6. All journals were classified into Q1 or Q2.



TABLE 3 Top 10 journals with the most publications.
[image: Table3]
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FIGURE 5
 The higher-impact journals (A, journal publication density map; B, journal citation network diagram).


The influence of a journal is determined by its frequency of joint citations, which indicates whether a journal has a significant impact on the scientific community. As shown in Figure 5B and Table 4, the most frequently cited journals are Kidney International (5,774 times), followed by J Am SOC Nephrol (5,201 times) and Nephrol Dial Transpl (4,496 times). Among the top 10 journals with the most joint citations, Lancet has been cited 263 times with the highest IF among the top 10 journals (168.9). All journals were classified into Q1 or Q2.



TABLE 4 Top 10 most co-cited journals.
[image: Table4]



3.6 Analysis of the most influential authors

Among all the authors who have published the relevant literatures on the role of inflammation in CKD, the top 10 authors who have published the most papers were listed in Table 5. The articles published by the top 10 authors were 478, accounting for 5.15% of all publications in this field. Stenvinkel Peter was the most productive, having published 87 research papers, followed by Bengt Lindholm (59), Ortiz Alberto (59), Mafra Denise (44). Further analysis shows that four of the top 10 authors are from Sweden, 3 from Spain, 2 from the United States and 1 from Brazil. The network between authors was visualized with CiteSpace (Figure 6A).



TABLE 5 Top 10 authors with the most publications.
[image: Table5]
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FIGURE 6
 The most influential authors (A, author collaboration network diagram; B, author citation network diagram).


The top 10 most co-cited and most cited authors were summarized in Figure 6B and Table 5, respectively. A total of 132 authors were cited for more than 50 times, indicating their high reputation and influence of their researches. The most co-cited authors were showed with the largest nodes, including LIU Y (73 citations), WANG Y (64 citations), and KENNEDY J (63 citations).



3.7 Analysis of research hotspots


3.7.1 The most highly cited article

Taking 1 year as the time slice, the cited references network has 1,635 nodes and 7,059 links ranging from 2004 to 2023 (Figure 7A). According to the top 10 articles with the highest number of co citations (Table 6), the article entitled “Chronic kidney disease” in Lancet (IF = 168.9) is the most frequently cited, with Webster, Angela C. as the first authors of this article (22). This article focused on the definition, etiology, clinical manifestations, diagnosis, complications, prognosis, quality of life, intervention measures and service inequality of CKD.

[image: Figure 7]

FIGURE 7
 Research hotspots (A, citation literature network diagram; B, citation literature clustering diagram; C, citation literature volcano diagram).




TABLE 6 Top 10 most cited articles.
[image: Table6]



3.7.2 Analysis of references with citation burst

The co-citation reference clustering and temporal clustering analysis were performed (Figures 7B,C). We found that malnutrition (cluster0) and adiponectin (cluster14) were early research hotspots. Vitamin D (cluster2), uremic toxins (cluster3), fibrosis (cluster4), anemia (cluster7), atherosclerosis (cluster8), advanced glycation end products (cluster9), and periodontal disease (cluster13) were the research hotspots in the medium term. Renal fibrosis (cluster1), gut microbiota (cluster5), diabetic kidney disease (cluster6), COVID-19 (cluster10), gout (cluster11), fibroblast growth factor 23 (cluster12), and iron (cluster15) were hot topics and trends in this field of recent years.



3.7.3 Analysis of the most frequently used keywords

By analyzing key words, we can quickly understand the situation and development direction of a field. According to the co-occurrence of keywords in VOSviewer, the most popular keywords were oxidative stress (1206), followed by expression (942), disease (907) and mortality (788; Table 7; Figures 8A,B). We removed useless keywords and constructed a network containing 186 keywords that appeared at least 78 times. It turned out a total of four different clusters. Group 1 (red) has 77 keywords, including expression, oxidative stress, activation, acute kidney injury, fibrosis, diabetic nephropathy, mesenchymal cells, nephropathy, mice, antioxidant, dysfunction, induction, lupus nephritis, liver, biomarker, nitric oxide synthase, macrophages, apoptosis, induction, damage, model, pathway. Group 2 (green) has 56 keywords, including tnf-alpha, C-reactive protein, mortality, pathogenesis, stage renal disease, obesity, smooth muscle cells, all cause, malnutrition, diabetes, association, cytokines, insulin resistance, atherosclerosis, vascular calibration, plasma, serum, protein, uremia, calcium, association, mortality, diabetes, malnutrition. The third group contains 51 keywords (blue), including risk, heart failure, therapy, prevalence, iron, management, efficiency, infection, quality of life, blood pressure, hypertension, health, outcomes, sepsis, impact, meta-analysis, cancer, deficiency, Crohn’s disease, COVID-19, children. Group four contains two keywords (yellow), including albuminuria and stress. We drew a volcano map with CiteSpace to visualize the changes of research hotspots keywords over time (Figures 8C, 9A).



TABLE 7 Top 20 high-frequency keywords.
[image: Table7]
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FIGURE 8
 Research hotspots (A, high-frequency keyword network diagram; B, keyword density map; C, keyword clustering volcano diagram).


[image: Figure 9]

FIGURE 9
 Research hotspots (A, keyword clustering diagram; B, cited literature emergence diagram; C, keyword emergence diagram).




3.7.4 Analysis of keywords with citation burst

The 50 most reliable citations in the field of the role of inflammation in CKD were obtained through CiteSpace. Among the 50 references, 43 were published from 2004 to 2023, indicating that they have been frequently cited in the past 20 years. Importantly, 13 of these papers are currently at the peak of Citation (Figure 9B), which suggests that the subject of the role of inflammation in CKD will remain a hot topic in the future. Among the 924 strongest burst keywords in this field, the 50 keywords with the strongest mutations (Figure 9C), which represent the current research hotspots in this field and the possible research direction in the future.





4 Discussion

This article aims to explore the relationship between inflammation and chronic kidney disease through bibliometric analysis, as well as to identify current hotspots and trends in research development. The number of publications in this field has been steadily increasing since 2007, with a sharp rise in 2013 and reaching its peak in 2022, indicating a growing interest in this area of research. The top three authors in terms of publication output are Stenvinkel, Peter (87, 0.936%), Lindholm, Bengt (59, 0.635%), Ortiz, Alberto (59, 0.635%), highlighting their significant contributions to this field. Co-citation network analysis reveals that an article titled “Chronic Kidney Disease” in The Lancet journal (IF = 168.9) has the highest citation frequency, indicating its significant impact and influence in this field.This article highlights the significant role of inflammatory factors in the development of numerous chronic kidney diseases (22). The common pathological manifestations of CKD include renal fibrosis, characterized by glomerulosclerosis, tubular atrophy, and interstitial fibrosis (23). Glomerulosclerosis is primarily caused by endothelial injury, dysfunction, proliferation of smooth muscle cells and mesangial cells, and podocyte damage within the glomerular basement membrane. However, the initial process is initiated by inflammation of the glomerulus due to the activation of endothelial cells, where inflammatory cells (including macrophages and foam cells) activate mesangial cell proliferation (24). Transforming growth factor β1 and other growth factors (including platelet-derived growth factor, fibroblast growth factor, tumor necrosis factor, and interferon-γ) stimulate mesangial cells to revert to mesangial progenitor cells (immature mesangial cells). These mesangial progenitor cells can produce excessive extracellular matrix, leading to mesangial expansion, early signs of glomerular fibrosis, and ultimately stretching of podocytes. This stretching exposes the area of the glomerular basement membrane to Bowman’s capsule, causing adhesion and resulting in glomerulosclerosis. Moreover, tubular atrophy is also associated with inflammatory products (25). The close relationship between tubular atrophy, interstitial fibrosis, scar formation, glomerular filtration rate, and proteinuria is well established. The abnormal filtration of urinary proteins, including complement, cytokines, and albumin, stimulates tubular epithelial cells, resulting in the synthesis of inflammatory products such as reactive oxygen species and chemokines. These inflammatory products are transported to the renal interstitium through mediators and interact with interstitial myofibroblasts, ultimately leading to tubular atrophy. Furthermore, mounting evidence suggests that inflammation, oxidative stress, uremia, and hyperhomocysteinemia may induce epigenetic changes that mediate fibrosis and play a significant role in the progression of chronic kidney disease (26).

After analyzing the literature, it is evident that the research trends and hotspots in this field primarily focus on the following aspects: (1) Inflammatory biomarkers related to chronic kidney disease and their roles. Research results indicate that persistent low-grade inflammation is one of the harmful pathways leading to increased cardiovascular morbidity and mortality in end-stage renal disease patients. Studies also suggest that inflammation is a risk factor for chronic kidney disease. Therefore, detecting the levels of inflammatory factors in CKD patients can provide a direct understanding of the extent of renal inflammation. Currently, commonly used biomarkers for microinflammation status in domestic and foreign research include CRP, hs-CRP, IL, TNF-α, etc. CRP is an acute-phase reactant protein produced by the liver under the stimulation of IL-6, IL-1β, TNF-α, etc., which can reflect the activity of inflammation in the body (27). The level of CRP in CKD patients is significantly elevated, and the baseline level of CRP is closely related to the risk of developing end-stage renal disease or death in patients (28). IL is a type of cytokine widely distributed in various cells, which can activate and regulate the immune system and mediate the body’s inflammatory response. However, in CKD patients, the imbalance of Th1/Th2 balance leads to abnormal expression of cytokines (IL-1, IL-4, IL-6, IL-10, etc.), which has a certain impact on the progression and prognosis of the disease. Studies have found that the elevation of IL-4 and IL-10 levels in CKD patients is closely related to the loss of renal function. IL-6 can mediate the apoptosis of renal tubular epithelial cells through signaling pathways and is an independent risk factor for poor prognosis in CKD patients. Elevated levels of interleukin-1 (IL-1), interleukin-6 (IL-IL6), and other inflammatory markers in patients with CKD activate the inflammatory cascade, exacerbating renal damage and promoting renal fibrosis (29–31). This suggests that monitoring the trend of these indicators in clinical practice can aid in evaluating the renal function of CKD patients. Additionally, studies have demonstrated that the interaction between soluble CD14 levels (a pattern recognition receptor that can stimulate pro-inflammatory signaling in response to endotoxins) and circulating IL-6 can increase the risk of mortality in uremic patients undergoing hemodialysis (32). Based on these research findings, preventive measures can effectively reduce inflammation, infection, and endotoxemia. Tumor necrosis factor-alpha (TNF-α) is a well-established classical inflammatory marker that plays a crucial role in the body’s inflammatory and immune responses (33). In CKD, studies have shown that neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), CRP, TNF-α, and IL-6 are positively correlated and change in the same direction, reflecting the degree of inflammation in the body and the renal function status during the disease process, and are associated with poor prognosis. In recent years, there has been a growing interest in novel inflammatory markers in the field of nephrology research (34). These markers include the neutrophil-to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), and fibrinogen-to-albumin ratio (FAR). Among these markers, FAR is calculated as the ratio of plasma fibrinogen to serum albumin, and it has gained increasing attention as a novel inflammatory marker. Studies have demonstrated that elevated FAR levels are an independent risk factor for the progression of kidney damage in patients with CKD. Compared to more commonly studied clinical markers of microinflammation, FAR has shown superior predictive value for disease progression (35). (2) Treatment of chronic kidney disease guided by inflammatory markers (36). Due to the significant role of inflammation in the development of chronic kidney disease, inflammatory markers have become the primary targets of novel treatments, including specific anti-inflammatory and antioxidant therapies to regulate inflammation. Specific anti-inflammatory therapies include cholecalciferol supplementation, which has been shown to decrease levels of CRP, IL-6, IL-8, and TNF (37). Additionally, the immunomodulatory effect of ARB is mainly related to the inhibition of pro-inflammatory cytokine secretion, the reduction of adhesion molecule expression, and the normalization of CRP concentration in plasma (38). Furthermore, allopurinol treatment in patients with chronic kidney disease can not only reduce CRP levels but also lower cardiovascular risk and delay the progression of kidney disease (39). Antioxidant therapy can modulate inflammation (40). Research has demonstrated that supplementation with γ-tocopherol and docosahexaenoic acid can reduce levels of IL-6 (41). Additionally, a randomized controlled trial has shown that short-term oral administration of N-acetylcysteine (NAC) can also reduce IL-6 levels (42). Methyl bardoxolone is a current research focus, which primarily inhibits pro-inflammatory transcription factors (such as NF-kB and STAT3) by activating the transcription factor Nrf2. Studies have indicated that it can not only prevent the progression of kidney disease but also treat uremic protein-energy wasting and cardiovascular disease (43).



5 Conclusion

In conclusion, the discovery of inflammatory markers in chronic kidney disease and the development of treatment methods for inflammation and oxidative stress have been regarded as research hotspots. Intervening in inflammatory factors, developing new prevention strategies, and treatment methods to reduce the incidence and mortality of chronic kidney disease remain the direction of future research.
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