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aThe Second Clinical Medical College, Guangzhou university of Chinese Medicine, Guangzhou, China; bDepartment of nephrology, 
Guangdong Provincial Hospital of Chinese Medicine, Guangzhou, China; cDepartment of Hemodialysis, Guangdong Provincial Hospital of 
Chinese Medicine, Guangzhou, China

ABSTRACT
Introduction:  The prevalence of chronic kidney disease (CKD) is gradually increasing in the elderly 
population. At the same time, frailty has become one of the research hotspots in the field of 
geriatrics. Bibliometric analyses help to understand the direction of a field. Therefore, this study 
aimed to analyze the status and emerging trends of frailty in CKD patients.
Data and methods:  The Web of Science Core Collection (WoSCC) database was screened for 
relevant literature published between 1 January 2000 and 31 December 2021. Next, publications 
were analyzed for information including authors, journals, cited references, citing journals, 
institutions, countries and regions, high-frequency keywords and co-citations using VOSviewer, 
Microsoft Excel, and R software.
Results:  A total of 2223 articles were obtained, from which 613 relevant articles were selected 
based on title and abstract screening. There was an upward trend in the number of annual 
publications and Johansen KL was considered the most contributing author in the field. The 
Clinical Journal of the American Society of Nephrology was the most productive research journal. 
Johns Hopkins University is the most published organization. The United States is the global 
leader in the field and contributes the most to research. Research hotspots focus on epidemiological 
studies of frailty and frailty intervention.
Conclusions: This study presents a comprehensive bibliometric analysis of CKD and frailty research. 
Key findings highlight the current focus on early screening and assessment of frailty in CKD 
patients, as well as physical function interventions in frail patients.

1.  Introduction

Chronic kidney disease (CKD) is characterized by a glomeru-
lar filtration rate (GFR) below 60 mL/min/1.73  m2, albuminuria 
exceeding 30 mg over 24 h, or persistent kidney damage indi-
cators such as hematuria or structural abnormalities like 
polycystic kidneys for over three months [1]. According to 
the latest epidemiological studies, an estimated 843.6 million 
people are affected by CKD stages 1–5 worldwide [2]. In a 
recent systematic review and meta-analysis of 100 studies, 
including 6,908,440 patients, the global prevalence of CKD 
stages 1–5 was estimated to be 13.4% [3]. An international 
study on disease burdens indicated that from 1990 to 2017, 
the age-adjusted mortality rate for CKD surged by 41.5% 
(95% CI 35.2–46.5). Among a hierarchy of 133 diseases based 

on mortality rates, CKD emerged as the twelfth leading cause 
of death. Over the past two decades, CKD-related fatalities 
have escalated, and the afflicted global population is antici-
pated to further increase, highlighting a significant public 
health dilemma [4].

First introduced in 1968 by O’Brien et  al. [5], frailty refers 
to excessive or inappropriate responses to negative events in 
older adults. Dr. Linda Fried and colleagues from Johns 
Hopkins University, in a 2001 community-based study of car-
diovascular health in older adults, described five important 
manifestations of frailty: fatigue, muscle weakness, slow gait, 
unexplained weight loss, and physical inactivity [6]. In the 
same year, Rockwood and Mitnitski in Canada proposed the 
frailty index (FI), which was based on the accumulation of 
age-related deficits, and considered frailty as a dangerous 
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state resulting from the accumulation of health deficits [7]. 
Subsequently, in 2004, the American Geriatrics Society clari-
fied the definition of ‘frailty’: a nonspecific state of decreased 
stress resistance due to reduced physiological reserve [8]. 
Frailty primarily manifests as decreased levels of physiological 
function in several organ systems, including neuromuscular, 
endocrine, metabolic, and immune systems [9]. A systematic 
review of 61,000 community-based older adults from 
high-income countries noted that the weighted average esti-
mate of frailty prevalence was 11% [10]. Notably, this review 
also showed that the prevalence of frailty varied widely 
across studies (ranging between 4 and 59%) due to a lack of 
standardization of concepts or measures.

A recent cross-sectional single-center study of 148 partic-
ipants (including 60 patients on maintenance hemodialysis 
(HD) and 88 patients with stage 3–4 CKD) showed that 71.6% 
of HD patients and 53.4% of CKD stage 3–4 patients had 
pre-frailty or frailty [11]. It is important to note that pre-frailty 
or frailty is common even among younger HD patients, with 
23.0% of HD patients being under 50  years of age, and the 
incidence rate increases with age, suggesting that the preva-
lence of frailty is relatively high in patients with different 
stages of CKD. Research has shown that frailty is not only an 
independent risk factor for increased hospitalization and 
adverse outcomes such as deaths in patients with CKD [12], 
but also shares the same physiopathological basis as CKD, 
which can further accelerate the course of poor patient prog-
nosis. The 2012 US and European expert consensus on geriat-
rics suggests that all older adults aged 70  years and above 
need to be screened for frailty, especially those with under-
lying diseases such as heart failure, tumor, renal failure, dia-
betes mellitus, and those requiring surgery, and that early 
prevention and clinical interventions should be provided for 
debilitated patients [13].

The undeniable nexus between frailty and CKD has spurred 
significant scholarly attention, resulting in an influx of related 
publications. For example, Lorenz et  al. wrote a narrative 
review describing the current state of research on frailty in 
patients with CKD [14]. In addition, there have been some 
researchers who have explored the prevalence of frailty [15] 
and the effectiveness of interventions [16] in patients with 
CKD through systematic review; however, none of them have 
performed visual analyses. As the volume of literature expands, 
navigating the most recent advancements becomes a formi-
dable challenge for researchers. While systematic reviews are 
beneficial, they often struggle to handle vast datasets or 
showcase time-bound research evolution. Thus, discerning 
future research trajectories is imperative. Bibliometrics, a con-
cept introduced by Pritchard in 1969 [17] and later enriched 
with infographics by Van Raan in 2004 [18], emerges as a 
more potent tool than traditional narrative reviews. With 
advanced software, scholars can rapidly understand the 
nuances and emerging trends in specific fields [19]. Particularly 
in medical research areas, notably postoperative cognitive 
dysfunction [20] and COVID-19 [21], bibliometric analysis pro-
vides both quantitative and qualitative insights. By pinpoint-
ing origin countries and contributing institutions and charting 

geographic distribution, it offers readers visually insightful 
results, lucidly delineating a field’s knowledge architecture 
and focal points, thus informing prospective research and pol-
icy decisions. While there have been bibliometric explorations 
concerning frailty and cardiovascular diseases [22], the inter-
section of CKD and frailty remains underexplored.

Therefore, this study aimed to systematically investigate 
the status, hotspots, and emerging frontiers of global 
research on frailty in CKD patients over the past 20  years. 
Our study subjects described in this article are CRF patients, 
also known as stage 3–5 non-dialysis CKD patients defined 
by the KDIGO organization in the 2012 guidelines [23] or 
ESKD/ESRD patients [24] with frailty syndrome. Analyses 
addressing this theme will help to illustrate new directions 
for future research.

2.  Materials and methods

2.1.  Data source and search strategy

Web of Science Core Collection (WoSCC) is one of the most 
comprehensive and authoritative database platforms for schol-
arly information worldwide, with over 10,000 high-quality jour-
nals, and is the most commonly used database in previous 
bibliometric studies [25,26]. The database contains abstracts 
and other relevant data, such as citations and research collab-
oration information, to facilitate bibliometric analysis. In addi-
tion, it provides data in file formats that conform to the 
requirements of bibliometric software analysis.

We conducted a comprehensive search of the literature 
for the period 2000–2021 in the Science Citation Index 
Expanded (SCI-Expanded) through the WoSCC database on 
22 November 2022, as a way to avoid bias due to database 
updates.

Our search strategy was as follows: TS  =  (chronic kidney 
disease) OR TS  =  (chronic renal failure) OR TS  =  (end-stage 
renal disease) OR TS  =  (chronic renal insufficiency) OR 
TS  =  (dialysis) OR TS  =  (peritoneal dialysis) OR TS  =  (hemodi-
alysis) OR TS  =  (kidney transplantation) OR TS  =  (renal trans-
plantation) AND TS  =  (Frail*) OR TS  =  (weakness) OR 
TS  =  (fatigue) OR TS  =  (feebleness) OR TS  =  (debility). The 
period was set to 2000–2021, the language was English, and 
the document type was Article.

2.2.  Inclusion and exclusion criteria

A total of 2223 publications were retrieved, of which 1610 
invalid records were excluded, including nonacademic and 
ineffective articles such as news reports, essays, editorials, 
case reports, conference summaries, and non-English litera-
ture, as well as duplicate papers. Finally, 613 valid publica-
tions were selected for analysis. After data validation and 
normalization, online publications, including complete 
records and cited references, were exported in plain text for-
mat and included in the study. Journal information, including 
impact factor (IF) and category quartiles (Q1–Q4), was col-
lected from the 2022 Journal Citation Reports.
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2.3.  Data analysis and visualization

In this study, statistical analyses were performed using R soft-
ware (R Foundation for Statistical Computing, Vienna, Austria) 
and Microsoft Excel 2016 (Redmond, WA). Visual analysis was 
performed using R software and VOSviewer.

Microsoft Excel was primarily used to collect and analyze 
WoSCC data to create histograms and construct regression 
models to predict the growth trend of publications.

VOSviewer is a Java-based freeware developed by van Eck 
and Waltman. It has powerful graphical processing capabili-
ties and is suitable for large-scale handling of data [27]. It is 
widely used for bibliographic visualizations, especially for the 
visual analysis of complex co-citation networks, such as rela-
tionships between coauthors, highly cited references, and 
keyword co-occurrence analysis [28]. In this study, the soft-
ware was used for visual analysis of country/author/institu-
tion collaboration networks, journal co-citation analysis, and 
keyword co-citation analysis, where the size of the node indi-
cated the number of publications, the thickness of the line 
indicated the strength of the linkage, and the color of the 
node showed the different clusters or times.

The Bibliometrix R package was used to summarize the 
number of publications and citations for bibliometric analysis 
and determine the cumulative annual occurrence of popular 
keywords/terms and national publications for collaborative 
analysis [29].

3.  Results

3.1.  Analysis of annual publications

After literature screening, 613 publications on frailty and CKD 
were included in the final analysis, and the number and trend 
distribution of annual publications are shown in Figure 1.

As shown in Figure 1, there is an upward trend with slight 
fluctuations in the number of annual publications in this 
field, with a maximum of 91 articles published in 2020. The 
total number of citations for these publications is 18,247, 
with an average of 28.8 citations per publication and an 
H-index of 9.8. The H-index, proposed by Hirsch [30], is a 
hybrid quantitative index used to assess the quantity and 
level of a researcher’s scholarly output. The higher a research-
er’s H-index, the more significant the impact of their articles.

3.2.  Analysis of most productive countries/regions

Figure 2(A) and Table 1 show the top 10 countries/regions in 
terms of the number of publications per year, indicating 
rapid growth in research paper count. The United States is 
the most productive country, with 167 (27.8%) publications, 
followed by China, the United Kingdom, and Japan. A col-
laborative network map of countries was constructed using 
VOSviewer (Figure 2(B)). The boundaries between countries 
show the intensity of collaboration. The United States is the 
center of cooperation in this field, with the broadest range 
of partnerships involving several countries, followed by 
Australia, Denmark, Sweden, and Germany. In contrast, 
China, South Korea, and Japan have fewer collaborations. 
Overall, most collaborations are confined mainly to Europe, 
the United States, and Australia. This indicates that coopera-
tion between East Asia and other countries needs to be fur-
ther strengthened.

3.3.  Analysis of most productive institutions

Figure 3(A) shows the top 10 most productive institutions in 
the research field. Six of these institutions are in the United 
States, one in Italy, one in the Netherlands, and two in 

Figure 1. annual research publications involving frailty and CKD from 2001 to 2021.
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Taiwan. Specifically, Johns Hopkins University is the most 
active institution, ranking first with 61 articles, followed by 
the University of California, San Francisco.

Figures 3(B) highlights the close and complex collabora-
tive relationships among different institutions. It can be seen 
that inter-institutional collaborations are scattered among 

Figure 2. (a) annual number of publications by countries. (B) World map showing the contribution of each country based on research paper count.

Table 1. Top 10 productive countries/regions based on the number of publications.

Rank Country Frequency Country Total citations average article citations

1 uSa 825 uSa 8512 50.97
2 China 269 uK 1530 31.88
3 uK 260 Canada 1331 42.94
4 Japan 194 China 1112 14.08
5 italy 176 australia 929 30.97
6 Canada 155 italy 635 16.71
7 australia 134 Japan 627 14.25
8 netherlands 120 netherlands 607 21.68
9 Brazil 80 Brazil 491 24.55
10 South Korea 62 Turkey 476 23.8
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high-income countries in Oceania, North America, and 
Europe. Collaborations centered on the University of 
California, San Francisco, Stanford University, and the 
University of California, Davis are the most frequent, 

indicating the strong influence of these institutions in this 
field. All the institutions are universities, except San Francisco 
Veterans Affairs Medical Center and Division of Nephrology, 
which are hospitals.

Figure 3. (a) Most relevant affiliations. (B) Visualization map of organizations’ collaborations based on CiteSpace.
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3.4.  Analysis of higher-impact journals

A total of 197 academic journals have published papers on 
frailty in the last two decades. Supplementary Figure 4 shows 
the top 10 journals in terms of the number of publications. 
The Clinical Journal of the American Society of Nephrology 
published the most number of articles (38 articles), followed 
by BMC Nephrology (30 articles), and American Journal of 
Kidney Diseases (24 articles). According to the 2022 Journal 
Citation Reports, four of the top 10 academic journals belong 
to Q1, with the American Journal of Kidney Diseases having 
the highest IF (11.072), followed by the Clinical Journal of the 
American Society of Nephrology (10.614), and Nephrology 

Dialysis Transplantation (7.186). Regarding the research areas 
of interest, nearly 60% of the journals deal with topics of 
urology and nephrology. As for publication regions, five jour-
nals are from the United States, two are from the United 
Kingdom, and the others are from Australia, the Netherlands, 
and Switzerland. Notably, most of these active journals are 
published in Europe and North America.

3.5.  Analysis of productive authors

Among the 10 most prolific authors with maximum papers 
on frailty in CKD patients (Figure 4(A)), Johansen KL from 

Figure 4. (a) Top 10 productive authors in frailty and CKD research. (B) Overlay visualization map of author coauthorship analysis based on VOSviewer.

https://doi.org/10.1080/0886022X.2023.2292142
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the University of California, San Francisco, is ranked first, 
followed by Segev DL and McAdams-DeMarco MA. Johansen 
KL is also the author with the highest H-index. McAdams- 
DeMarco MA, Segev DL, and Chu NM are from the same 
institution, Johns Hopkins University School of Medicine. 
Notably, eight of the top 10 authors are from US institu-
tions, and the other two are from Italy and France. A visu-
alization of the authors’ coauthorship analysis was generated 
using VOSviewer (Figure 4(B)). Johansen KL had the largest 
number of collaborations, indicating his strong influence 
and dominance in the field.

3.6.  Analysis of most cited documents

Figure 5 and Supplementary Table 2 show details of the 
top 10 most cited papers, with citations ranging from 231 
to 576. Nine of these are original articles, and one is a sys-
tematic review. Three of these articles were published in 
the Journal of the American Society of Nephrology (IF = 
18.998), three in Kidney International (IF = 14.978), two in 
the American Journal of Kidney Diseases (IF = 11.072), and 
one in the Clinical Journal of the American Society of 
Nephrology (IF = 10.614). The article by Murtagh et  al. in 
Advances in Chronic Kidney Disease (IF = 4.305) ranked first 
with 576 citations [31]. It was followed by Johansen et  al.’s 
article titled ‘Significance of frailty among dialysis patients’ 
in the Journal of the American Society of Nephrology (IF = 
18.998; 417 citations) [12]. Foley et  al.’s article in Kidney 
International (IF = 14.978) was at the third position with 
331 citations [32]. Most of these articles focused on the 
epidemiological investigation of frailty.

3.7.  Analysis of co-cited references

Fried LP from Columbia University was the most cited author 
(Figure 6), with a paper proposing the Fried frailty phenotype 
(FP), containing five criteria, allowing frailty to be quantified 
and further studied. In the same year, Professor Lockwood K 
proposed the FI to assess the health status of older adults. FI 
includes 92 variables of symptoms, abnormal laboratory val-
ues, disease classification, and disability. Compared to FP, FI 
is more comprehensive. This is because FI contains more 
items, thus allowing a more comprehensive prediction of 
poor outcomes of frailty. Overall, both authors have contrib-
uted to the assessment of frailty.

3.8.  Analysis of keywords and burst keywords

A keyword profile accurately summarizes an article’s topic and 
can be used for searching and cataloging. It can be easily 
deduced that the more frequently a keyword appears in a cer-
tain period, the more likely it represents the cutting-edge 
research direction in the field. According to Figure 7(A), exclud-
ing ‘chronic kidney disease,’ ‘hemodialysis patients,’ and ‘hemo-
dialysis,’ the keywords that appear more frequently include 
‘mortality,’ ‘quality of life,’ ‘outcomes,’ and ‘older adults,’ and 
most of these terms are related to poor outcomes of frailty.

Looking at the connections between keywords, we can 
further understand the segmented research directions (see 
Figure 7(B) for details). The popular keywords can be grouped 
into four research hotspots. Glomerular filtration rate, risk, 
and diabetes mellitus shown in red are closely related to the 
theme word ‘frailty,’ which focuses on the mechanism of 
debilitation. The topic ‘hemodialysis’ in green is related to 

Figure 5. Top 10 most cited research papers.

https://doi.org/10.1080/0886022X.2023.2292142


8 G. YUAN ET AL.

fatigue, depression, and ESRD, and focuses on the common 
symptoms of dialysis patients. The keywords in purple are 
related to prognosis, including mortality, outcomes, and pre-
dictor. The blue keywords are related to intervention treat-
ment, including physical activity, exercise, and therapy. Figure 
7(C) presents a visualization of keywords that appeared more 
than five times in the frailty literature; the node size is pro-
portional to the frequency of keywords, and the thick line 
between two nodes is related to their co-occurrence fre-
quency. The more closely associated keywords were divided 
into six groups #0 exercise intervention, #1 epidemiology, #2 
frailty assessment, #3 complications of CKD, #4 common 
symptoms in dialysis patients, and #5 prognosis of frailty.

Figure 7(D) provides a graphical representation of the the-
matic trends. In addition to the words ‘association’ and ‘older 
adults,’ which have no practical meaning, the trending words 
with increased research focus include ‘physical function,’ ‘dys-
function,’ and ‘mortality.’ Similarly, the trending themes for 
each period can also be analyzed. The size of the circles in 
the figure represents the proportion of each keyword based 
on region.

According to Supplementary Figure 8E, the initial focus of 
research in this field was on the epidemiology and mecha-
nisms of frailty; however, as the field evolved, the research 
focus is now on physical interventions for frailty in CKD 
patients.

4.  Discussion

This study represented the first attempt to comprehensively 
analyze the current state of research, emerging frontiers, 
and hotspots related to frailty in CKD patients. Our approach 
involved a bibliometric analysis of relevant studies spanning 

from 2000 to 2021, coupled with the use of visualization 
software to quantitatively demonstrate the distribution of 
collaborations among authors, institutions, and countries. 
Additionally, we utilized co-citation reference and keyword 
analyses to showcase the evolution of research hotspots. By 
presenting this information, we enable scholars to gain a 
rapid, systematic, and intuitive understanding of an unfamil-
iar field, which can prove invaluable in shaping future 
research.

4.1.  General information about research

A total of 613 studies were analyzed to identify research 
trends in the field of CKD and frailty. Over the past two 
decades, the number of papers published each year has 
shown a gradual upward trend, signifying the substantial 
academic attention garnered by CKD and frailty research. 
This observed increase can be attributed to demographic 
shifts in the global population’s age structure, the rising 
prevalence of CKD, and the growing emphasis on enhancing 
the quality of patient care. In recent years, there has been a 
decline in the amount of research literature in this area. This 
dip can be plausibly attributed to a potential shift in research-
ers’ focus away from this specific area. Furthermore, the 
European Working Group on Sarcopenia in Older People 
(EWGSOP) has underscored the intricate connection between 
frailty and sarcopenia, noting that a majority of frail older 
individuals exhibit manifestations of sarcopenia. Conversely, 
some older individuals diagnosed with sarcopenia also dis-
play characteristics of frailty [33]. There is a strong concep-
tual correlation and overlap between frailty and sarcopenia, 
particularly in the physical domain. Notably, sarcopenia itself 
serves as a significant indicator of frailty [34]. Therefore, 

Figure 6. VOSviewer visualization map of co-citation references analysis.

https://doi.org/10.1080/0886022X.2023.2292142
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another plausible explanation for the decrease in research 
output may be that researchers have shifted their focus to 
other aspects of sarcopenia or frailty rather than frailty itself. 

It is also plausible that the database might have included 
incomplete or insufficient literature, contributing to this 
observation.

Figure 7. (a) Keywords related to the research topic. (B) Visualization map of popular keywords. (C) Co-occurrence view of the keywords. (D) Map showing 
thematic trends over time.
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Figure 7. Continued.
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Regarding the nations producing the most research 
papers on the topic, over half of the top 10 institutions were 
from the United States, with close collaborative relationships 
with other countries, while the remaining institutions were 
from Europe, Oceania, and East Asia. This could be associated 
with the level of medical care and economic conditions in 
diverse regions, with developing countries/regions having 
lower medical expenditure compared to developed countries. 
Multidisciplinary integration through various institutions col-
laboration leads to superior quality academic results, and 
reinforcing transnational collaboration could aid Asian coun-
tries in enhancing the quality of their research. In addition, 
we noted that nearly all research studies were conducted by 
universities, with fewer hospitals involved.

Concerning the journals publishing literature on the topic, 
nearly 60% of the journals focus on the domains of urology 
and nephrology, according to the Journal Citation Reports 
2022. Among the top 10 prolific journals, the American 
Journal of Kidney Diseases (11.072) had the highest IF, fol-
lowed by the Clinical Journal of the American Society of 
Nephrology (10.614), and Nephrology Dialysis Transplantation 
(7.186), indicating their high standing and authority in the 
field. It is important to note that fewer studies originated 
from East Asia with less impact, suggesting that Asian coun-
tries should bolster transnational cooperation and informa-
tion exchange to increase their academic influence in the 
field. Additionally, 30% of the journals belong to the Q1 cat-
egory of Journal Citation Reports.

The top three authors with the most papers and highest 
H-index in the field are Johansen KL, Segev DL, and 
McAdams-DeMarco MA. Johansen KL has published 28 papers 
to date on CKD patients with frailty. His 2007 paper titled 
‘Significance of frailty among dialysis patients’ is the second 
most cited in the field and includes 2275 adults in a prospec-
tive study, which revealed that two-thirds of the participants 
met the criteria for frailty. Moreover, frailty was independently 
associated with a higher risk of death and the combined out-
come of death or hospitalization. This discovery has signifi-
cantly increased scholarly interest in CKD patients with frailty.

4.2.  Current status of research

4.2.1.  Definition and assessment of frailty
The precise definition of frailty remains a controversial issue. 
Accurately diagnosing frailty and understanding its various man-
ifestations present significant clinical challenges [35]. In addition, 
researchers have developed unique scales for assessing frailty, 
often based on their specific areas of expertise, guidelines, and 
areas of concern. This variability has resulted in a diverse array of 
interpretations of frailty in the research community [36]. A sys-
tematic review of existing tools for assessing frailty [37] brought 
attention to the absence of a universally accepted gold standard 
[38]. Consequently, many HD units refrain from routine frailty 
screening due to the lack of consensus regarding the most 
appropriate assessment tool [39]. It is worth noting that frailty 
tools may not be interchangeable in their settings of application, 
so careful consideration of the key indicators to be assessed is 

essential when measuring frailty. Furthermore, the application of 
frailty scales and their items requires consideration of their lim-
itations in terms of time, resources constraints, and their applica-
bility to specific populations. For example, the application of 
certain items, such as ergometer-based assessment of gait speed, 
may not always be feasible in primary care settings. Moreover, 
the reliability of results must be taken into account when using 
frailty scales, particularly when working with specific population 
groups such as individuals with disabilities [40].

4.2.2.  Epidemiological studies of frailty in CKD
The first cluster of keywords, denoted as #1, encompasses 
epidemiological investigations related to frailty, which 
includes terms such as mortality, outcomes, predictors, asso-
ciations, and risk factors. From 2015 to 2020, frailty became 
an increasingly prominent focus of study, particularly con-
cerning dialysis patients. The NHANES study revealed a sub-
stantial correlation between the declining estimated 
glomerular filtration rate (eGFR) and an increased risk of 
frailty. More precisely, individuals with stages 1, 2, or 3a of 
CKD faced double the risk of being classified as debilitated 
compared to those without CKD, while individuals with CKD 
stage 3b or more experienced an almost sixfold elevated risk 
compared to those without CKD [41]. Subsequent research 
has elucidated the hierarchical relationship between the 
prevalence of frailty and the severity of renal disease. In par-
ticular, the prevalence of frailty in patients with eGFR levels 
≥60, 45–59, 30–44, and <30 mL/min/1.73 m2 was 8.0%, 10.8%, 
18.0%, and 32.8%, respectively [42].

Up to this point, research on patients with non-dialysis-de-
pendent chronic kidney disease (NDD-CKD) has remained 
relatively scarce. Only three studies have examined the prev-
alence of frailty in patients with CKD stage 3–4. However, 
due to the diversity within the study populations, the 
reported prevalence rates varied, ranging from 53.4% to 
64.7% [11]. In the meantime, prospective studies have 
unequivocally demonstrated that a FP is linked to an 
increased risk of requiring dialysis treatment (2.5-fold; 95% 
CI, 1.4–4.4) and higher mortality (after adjusting for factors 
like age, sex, body mass index, and comorbidities) [43]. 
Patients with end-stage renal disease (ESRD) exhibit a higher 
prevalence of frailty compared to patients with NDD-CKD 
[14]. Meta-analyses have indicated that the prevalence of 
frailty in dialysis patients ranges from 14% to 73% [15]. A 
Korean study employing a self-report questionnaire for frailty 
screening found no significant difference in frailty scores 
among patients receiving different dialysis modalities, with 
HD patients scoring a total frailty score (mean  ±  SE) of 
1.89  ±  0.04, while peritoneal dialysis (PD) patients scored 
1.96  ±  0.08 (p  =  .433). In a single-center observational cohort 
study, 22% of participants chose to discontinue maintenance 
HD due to frailty, ranking as the second most common rea-
son. This study also underscored the inadequacy of palliative 
and end-of-life care for ESRD patients [44].

Incorporating screening for frailty into candidate eligibility 
assessment is an internationally recognized priority for kid-
ney transplantation (KT) [45]. The current study highlights 
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the frequent occurrence of frailty in KT candidates and recip-
ients as a factor that may contribute to poor outcomes [46]. 
Frailty in KT patients has been associated with post-KT com-
plications, such as prolonged hospitalization and mortality 
[47]. Therefore, early intervention for frailty in KT candidates 
and recipients is imperative to enhance their health and 
quality of life and to mitigate perioperative complications.

4.2.3.  Frailty interventions
A large cross-sectional study conducted in Europe confirmed 
that physical inactivity is an independent risk factor for over-
all frailty [48]. Common keywords in cluster #0 are exercise, 
physical activity, functional status, and rehabilitation, imply-
ing a focus on exercise interventions for frail patients. As CKD 
progresses and symptom burden increases [49], physical 
activity tends to decrease. Among CKD patients, a striking 
feature is their tendency toward limited physical activity and 
an inherent tendency toward inactivity [50]. An extensive 
multicenter cross-sectional observational study, which 
recruited the participation of 5656 volunteers in England, 
demonstrated low rates of physical activity (ranging from 6% 
to 34%) in a cohort of patients with CKD, a trend that 
increased significantly as the disease progressed [50].

Numerous cross-sectional investigations have consistently 
shown a significant inverse relationship between GFR and 
parameters of exercise capacity, including maximal exercise 
capacity [51], walking distance [52], strength, balance, and 
fine motor skills [53]. The Dialysis Outcomes and Practice 
Patterns Study (DOPPS) provides compelling evidence that 
patients engaging in weekly exercise exhibit a reduced risk 
of mortality in comparison to those who exercise less than 
once a week or remain entirely sedentary (hazard ratio = 
0.73 [0.69–0.78]; p  <  .0001) [54]. A deeper exploration into 
the specific exercise modalities unveils that a meta-analysis 
has demonstrated that clinical studies integrating aerobic 
exercise therapy with resistance training not only enhance 
exercise tolerance to a greater degree but also have the 
potential to improve overall fitness, in contrast to studies 
solely relying on aerobic exercise therapy [55].

Apart from insufficient physical activity, malnutrition has 
garnered significant attention within the CKD patient popu-
lation. Malnutrition stands as a pivotal factor contributing to 
muscle depletion and weakness in CKD patients [56]. With 
the advancement of our understanding of the pathophysio-
logical underpinnings, the concept of protein-energy wasting 
(PEW) was introduced. The International Society of Renal 
Nutrition and Metabolism (ISRNM) defines PEW as a condi-
tion present in CKD patients, characterized by diminished 
protein and energy reserves, which reflects the intricate 
pathophysiological mechanisms of malnutrition within the 
CKD population [57]. The development and progression of 
this condition stem from a multitude of factors, including 
inflammation, losses induced by dialysis, insufficient nutrient 
intake, chronic acidosis, and other related variables [58].

Therefore, in the context of frail CKD patients, it is critical 
to address the underlying etiological factors that contribute 
to PEW. These include uremia, chronic acidosis, comorbidities, 

and depression, as well as other associated diseases [59]. The 
strategic restriction of dietary phosphate necessitates a 
nuanced approach, as the potential risks may outweigh the 
associated benefits, potentially leading to adverse outcomes 
such as malnutrition and protein-energy wastage. 
Consequently, the limitation of dietary phosphate mandates a 
well-informed and individualized decision-making process, 
with further research needed to validate the merits of phos-
phate restriction [59]. Maintaining nutritional status should be 
prioritized over any other dietary restriction, as emphasized in 
the latest guidelines published by the European Renal Best 
Practice Group in 2016 [60]. Nonetheless, the research field 
focusing on the effectiveness of nutritional interventions in 
mitigating frailty in CKD patients remains significantly under-
developed. Furthermore, there is a distinct lack of high-level 
evidence for the potential benefits of nutritional interventions 
in the context of the frail elderly population [61].

4.2.4.  Quality of life on CKD patients
In cluster 3, the prevalence of common keywords such as 
disease, heart failure, metabolism, and anemia emphasized 
the complexity of CKD comorbidities. There has been a sig-
nificant shift in perspective when confronting the intricate 
landscape of comorbidities commonly encountered in the 
elderly population, underscoring the inadequacy of the tradi-
tional disease-centric management model [62]. This notice-
able shift in perspective has been ongoing since 2004. The 
co-occurring manifestations of CKD and its associated com-
plications have shown a strong correlation with heightened 
healthcare utilization, prolonged hospital stays, and increased 
mortality [63]. For example, a cross-sectional study showed 
that 98.2% of patients with CKD had comorbidities and only 
1.8% had no complications. In contrast, this stood at 48.2% 
for non-CKD patients [63]. Cardiovascular risk increases as 
CKD progresses. 33.3–37.1% of patients with mild to moder-
ate CKD and 39.9% of patients with advanced CKD develop 
cardiovascular complications [64]. Several nontraditional risk 
factors, such as volume overload, anemia, proteinuria, abnor-
mal calcium phosphate metabolism, inflammation, and oxi-
dative stress, contribute to the development and progression 
of cardiovascular disease in patients with CKD [65]. The 2017 
Global Burden of Disease Study on Chronic Kidney Disease 
highlighted that nearly 7% of the cardiovascular disease bur-
den is attributable to impaired kidney function. It is of 
utmost importance to recognize that cardiovascular disease 
is the leading cause of death in patients with CKD [66,67]. 
Given the multifaceted and intricate nature of complications 
in frail patients, interdisciplinary collaboration holds para-
mount importance in the realm of patient care [68].

Cluster #4 pertains to a focus on the typical symptoms 
experienced by individuals undergoing maintenance HD. 
Patients afflicted with CKD routinely grapple with a pro-
nounced burden of symptoms [31,69]. Within the construct of 
the FP, self-perceived fatigue assumes paramount importance 
and substantially contributes to the amelioration of HRQoL 
[70]. As Traditional Chinese Medicine Expert Prof. Zhang Qi 
once mentioned, frailty in CKD resembles “deficiency 
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syndrome” which is composed of symptoms like fatigue, loss 
of appetite, muscle weakness, reduced activity, etc. The iden-
tification of ‘fatigue’ serves as a pivotal harbinger for the early 
detection of frailty risk, conferring robust predictive potential 
for an array of adverse outcomes encompassing functional 
impairments, disabilities, mortality, and various other untow-
ard consequences [71]. Furthermore, the progressive intensifi-
cation of symptom burden engenders a cascade of deleterious 
consequences, encompassing further deterioration in physical 
functioning, restriction of physical activity, and an exacerba-
tion in unfavorable health outcomes [72].

4.3.  Frontiers about CKD with frailty

Early frailty is often regarded as a potential reversible condi-
tion [73,74]. Evaluating the prognosis of frailty can signifi-
cantly enhance patient-centered care and decision-making 
for individuals with ESRD [75,76]. Keyword cluster #5 sug-
gests a focus on prognostic studies of frailty. In this context, 
a dual approach must be adopted. First, gaining a profound 
understanding of the mechanisms underlying individual 
frailty becomes crucial. Second, primary healthcare providers 
must increase awareness about frailty and avoid misconcep-
tions that categorize it as a normal part of the aging process. 
Hence, healthcare professionals should prioritize early screen-
ing of elderly individuals in the broader community, extend-
ing their focus to patients who have not yet undergone 
dialysis and those awaiting KT. Moreover, the establishment 
of a robust monitoring system, combined with ongoing 
follow-up and regular patient education, contributes to the 
effectiveness of the healthcare system in addressing the 
needs of this specific population [77]. Additionally, it is cru-
cial to acknowledge the multifaceted nature of vulnerability. 
Consequently, the development of effective management 
strategies necessitates a multidisciplinary approach, including 
areas such as nutrition, psychology, and rehabilitation [78].

The clinical practice guidelines issued by the Kidney 
Disease: Improving Global Outcomes Organization (KDIGO) in 
2012, as well as other relevant guidelines, endorse the use of 
increased physical activity levels as a therapeutic intervention 
[23]. Unfortunately, these guidelines do not offer precise rec-
ommendations regarding the types, intensity, and quantity of 
exercise suitable for individuals with CKD. This deficiency still 
exists, mainly due to limitations caused by a lack of partici-
pants in existing research participants, poor research quality, 
and limited clinical applicability. Therefore, the optimal exer-
cise plan for CKD patients remains uncertain [79]. The imple-
mentation of exercise therapy for dialysis patients involves 
three crucial phases: comprehensive pre-exercise physical 
assessment, the judicious formulation of an appropriate exer-
cise prescription, and the establishment of sustainable support 
strategies [80]. Furthermore, dialysis patients are primarily con-
cerned with alleviating fatigue and enhancing their overall 
quality of life in contrast to the potential advantages offered 
by exercise. Effective symptom management is, therefore, 
indispensable in facilitating patient engagement in physical 
activity [81]. While there is a considerable body of clinical 

research on the impact of exercise on CKD patients, substan-
tial heterogeneity exists due to variations in frailty assessments 
applied in these studies [14]. Moreover, most investigations 
primarily focus on the relationship between exercise in CKD 
patients and functional recovery, with a noticeable shortage of 
studies using frailty as an outcome measure. Consequently, 
there is an urgent need for more comprehensive research to 
bridge these substantial gaps in our understanding.

The limitations of this study must be considered when 
analyzing the results. First, the heterogeneity of the defini-
tions of frailty hindered the synthesis of the evidence. 
Second, we only retrieved data from the WoSCC database 
and did not include other databases, resulting in an incom-
plete literature collection. Third, this study included only 
English literature, which might have led to biased findings. 
In addition, there is no systematic standard for the parame-
ter settings and analysis methods used in this study, which 
may lead to differences in the results. Also, software such as 
VOSviewer only supports the file format of the WoSCC data-
base, which may lead to publication bias. Therefore, the 
design of this study needs further improvement.

5.  Conclusions

An increasing number of scholars are beginning to pay atten-
tion to CKD patients with frailty. The United States and Europe 
play a dominant role and are the centers for conducting 
research. Johns Hopkins University has the most published 
papers, while Johansen KL has contributed the most to the field. 
This paper also summarizes the hotspots of CKD with frailty, 
focusing on epidemiological studies of frailty and mechanisms 
of frailty production, with the frontiers of early screening and 
assessment of frailty in CKD patients, physical function interven-
tions for frail patients. To the best of our knowledge, this is the 
first study to conduct a comprehensive bibliometric analysis of 
publications related to frailty and CKD in the past 20  years, 
which is of great significance for future related research.
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